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The ecology of A sellus aa_uaticus (Linnens) 1758 and 

A. rieridianus Racovitza 1919. 

There are- three species of the fresh: uater crustaceen ýe 

Asellus in. -Britain: A. aquaticus, A. meridianus and A. c;, vajl, 

The first two of these species are common and videly distribt,. 

WARAXA ä! ý: ýýi, occurring in a variety of surface freshviater. loce 
4, 

the last is confined to subterrenean waters, and occurs onlj i: 
11 

southern En land Previous researches 5ý 

shown that A. acuaticnand A. r eridianus may occur either 

together, or alone; and,. furt"hermore, that apparently suite 
w ci 

localities re-a- 
ý 

7-contain neither. species. iTo satisfactory 

- hypothesis . has hitherto been advanced to explain this differ 

--distribution. --° - -. 

. The primary aim of the present research-was to provide 

such en explanation. 

For this purpose, detailed studies were 'made of- the 
distribution V 

eoýrrýphica the life-cycle and the biotic potential of the" 

species, and lese detailed studies were made of the specific 

differences end similarities in food, r, Acrohabitat, vertico, l 

distribution and tolerance to dessication, loci concentrations 

oxygen and high, tersperatures. Studies vifere also made of the 

distribution of the two species in the Merseyside area end : Ln 
Lake iindermere of, the. temporal' change in the specific ratio 
at Llyn-Llywenän, Anglesey, and at Hetchmere, 

-Cheshire, and 

;. the diffe 1, enees and. -. similarities between localities containin; 



both, only one, or neither of the species. Finally, a number 

of laboratoty ex2erinenPs were undertaken, and these were 

designed to investigate whether the survival rate of either, 

species differed when the species were reared separately and 

when they were reared together. 

It is suggested that the following conclusion would appeý 

to be the most likely one that can be drawn from the detailed 

results of the research: 

A. meridisnus vas present in Britain before A. acuaticý 

and became vJidel7 distributed during the early post-glacial 

period. A. acuaticus arrived 'in Britain..,,. it o rwtively reg 

post-nlacial time, and is now replacing A. meridianus, withIV 

therefore, it is in competition. 



"Who can 2Xplain why one species ranges widely and is very 
numerous, and why another allied species has a narrow 
range and is rare? Yet these relations are of the highest 
importance, for they determine the present velfare, and, as 
I believe, the future success and modification of every 
inhabitant of this world: (Charles Darwin, 1859, p. 6. ) 
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INTRODUCTION. 

1. Interspecific competition. 

1.1 

One of the basic tenets of Darwin's theory of evolution 

is that 'competition' is of fundamental importance in nature: 

"A struggle for existence inevitably follows from the high 

rate at which all organic beings tend to increase. Every being, 

which during its lifetime produces several seeds or eggs, must 

suffer destruction during some period of its life, and during 

some season or occasional year, otherwise, on the principal, of 

geometrical increase, its numbers would quickly become so 

inordinately great that no country could support the product. 

Hence, as more individuals are produced than can possibly survive, 

there must in every case be a struggle for existence, either, 

one individual with another of the same species, or with the 

individuals of distinct species, or with the physical conditions 

of life. "(1859 p. 63). Crombie (1947) has summarized Darwints 

definition of 'competition' (1859 p. 62-3) as "the demand, 

typically at the same time, of more than one organism for the 

sane resources of the environnent"in excess of immediate supply". - 

However, Crombie seems to have interpreted Darein too narrowly 
for on p. 62 Darwin says, "Y use the term Struggle for Existence 

in a large and metaphorical sense, including dependence of one 
being on another, and including (which is more important) not 

only the life of the individual, but success in leaving progeny, 
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Darwin also concluded that the severity of competition 

would depend upon the degree of relationship between the 

competitors: the closer the relationship, the more severe the 

competition; conversely, the less the relationship the less 

severe the competition (1859 p. 76), Darwin's conclusions con- 

-cerning interspecific competition were extended by Lotka (1925) 

and Volterra (1926), who, independently, predicted on the basis 

of theoretical equations that where two or more species utilized 

the same resources only, one could survive. 

Grinnell (1904: quoted Udvardy 1959) had, by empirical 

methods, and somewhat- earlier, arrived at virtually the same 

conclusion. He says (1904: p. 375-6), "it is only by adaptation 

to different sorts of food, or modes of food getting, that more 

than one, species can occupy the same locality. Two species of 

approximately the same food habits are not likely to remain long 

evenly balanced in numbers in the same region. One will crowd 

out the other". Unfortunately Grinnell's, conci. usions escaped 

the attention of contemporary biologists and it is only recently 

that Udvardy (1959) has redirected our attention to their 

fundamental nature. 

An experimental confirmation of Lotka and Volterra's 

postulates was put forward by Gause in 1934. He was able to 

show that the results of experiments in which various species 
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were cultured together could be interpreted in the light of 

Lotka and Volterra's equations. Gause himself does not appear 

to have formulated any general conclusions, based upon these 

results, but he was obviously aware of their implications, as 

he says (p. 19), "as a result of competition two similar species 

scarcely ever occupy similar niches". However, the general 

hypothesis relating the existence of species and the extent of 

interspecific competition has become known as 'Gause's hypoth- 

-esis' or 'Gause's theorem', although recently other names have 

been proposed as being more appropriate: Hutchinson (1957) 

suggests 'the Volterra - Gause principle' and Udvardy (1959) 

suggests 'Grinnell's axiom'. For convenience it has been 

decided to retain here the name of 'Gause's hypothesis'. 

Various statements of Gause's hypothesis have been put 

forward. At the Easter symposium of the British Ecological 

Society in 1944, Gauss's hypothesis was read as 'two species with 

similar ecology cannot live together in the same place' (Anon. 

1944)., Lack (1945) says, "Gauss contends that two species with 

similar ecology cannot live in the same area". Later (1947) he 

interprets Gauss's hypothesis as; "two species with similar 

ecology cannot live in the same region 14(page 62); two animal 

species with the same ecology cannot live in the same region" 

(p. 140); "two species with similar ecology cannot live togethe-, M" 

(p. 142). 
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Allee et al. (1949 p. 660) interpret Gause'' hypothesis as; 

"no to =, _, eciee in the habitat hove the se. r.: e ecology". 

71-tch. iný--on anc' Deevey (1949 ). 542) state Gause'- hypothesis as; - 
"t: o s JECieF: "'i th the nc. r e niche re ; liireme s t, > cannot for 

_ 
mixed 

steady nt te in the s me re,; ion". Hutchinson 

(1957 +. 417) suI -ests that Gause's hypothesis can be Generalized 

and extended to the conclusion that, "two species v hen they 

co-occur, must in some sense be occupying different niches". 

Williamson (1957 p. 422) notes; "cause's hypothesis is often 

stated so as to imply that two s? ecies cannot remain in cum- 

-, petition indefinitely". 

All of these definitions have been criticized. Gilbert, 

Reynoldson and Hobart (1952), for exar! y: 1e, criticizing the 

earlier ones, -joint out the subjective and arbitrary meaning 

of 'similar or same ecolo<y'. The lack of emnhasis on com- 

-petition or of time are also important criticisms. 

There is no doubt that a satisfactory definition is frau; ht 

Evith difficulties, but Hutchinson (1957) has presented a formal 

abstraction which ap2ears to heve circumvented many of these. 

He equates the s oecies niche (a term which itself har been the 

subject of much teleolo;; ical'controversy (see (vardy 1959) ) 

to an 'n-dimensional hypervolumeI in which each dimension 

corresponds to an environmental parameter. 
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He calls this hypervolume the fundamental niche'. Where the 

fundamental niches of two species intersect competition will 

occur in the volume of intersection and here only one species 

IS favoured. 

There are a number of theoretical cases where it would be 

expected that Gause's hypothesis would not apply. Skellam (1951) 

has shown that where one species replaces another in competition 

bat is inferior to its competitor in ability to disperse, and 

that more than enough positions are available for colonization, 

then both may survive. The same situation had, independently, 

been envisaged by Hutchinson (1951) who called the species which 

was inferior during actual competition a 'fugitive species'. 

Species would also be expected to co-exist if their numbers were 

regulated primarily by density independent factors for, logioall; 

if the presence of an individual of the same species has no 

affect upon the population density then the presence of a 

similar species is also unlikely to have any affect. Co- 

existence would also be expected if no resource was in short 

supply or where changes in the environment occurred such that 

the first one species was favoured and then another, Hutchinson 

(1949) suggested that this might be the explanation of why no 

single planktonio species becomes dominant in the epilimnion of 

lakes. It is suggested that even a difference in size itself 

may allow related species to co-exist (Huxley 1942, Brooks 1950, 
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Hutchinson 1951). Williamson (1957) has presented a number 

of mathematical cases where competing species could co-exist. 

He noted that his conclusions could be generalized to the 

proposition that it is possible to have as many species as 

controlling factors. He noted also that two competing species 

could co-exist even if there were only a single controlling 

factor, providing this exhibited a 'preference'. The example 

quoted by Williamson was two species of snail controlled by 

a bird which preferred whichever snail was the most common. 

Two approaches have been made to test the validity of 

Gause's hypothesis; the experimental approach and the observ. 

-ational approach. 

Most of the experimental work has been carried out with 

graminivorous beetles but Drosophila, Daphnia and other animals 

have also been used. The results gained by Birch (1953, a, b, o), 

Birch, Park and Frank (1951), Crombie (1943,1944,1945), 

Park (1948 etc. ), and many others, indicate that where two or 

more species utilize the same limited resource, only one survives, 

Nevertheless, as Park's experiments in particular have indicated, 

the results of interspecific competition, even under identical 

conditions, may be the result of only statistical probability: 

even the slightest variation in the experimental conditions 

such as a change in the humidity, or an alteration in the 
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initial ratios of the competitors, may reverse the outcome of 

competition. Re-examination of experiments in which it at 

first appeared that competitors could co-exist has always 

revealed the presence of more than one available niche. 

L'Heritier and Tessier (1935), for example, reported the co- 

-existence of equilibrium populations of Drosophila funebris 

and D. melanogaster. But. Merrell (1951) repeated this exper- 

-iment and demonstrated that the Drosophila occupied two 

slightly different niches. 

However, the environmental factors in nature are not only 

extremely numerous but also undergo wide variations, and, there- 

-fore, the experimental conclusions in no way prove the validity 

of Gause's hypothesis in nature. As Hutchinson (1957 p. 418) 

so sucointly puts it, "it would of course be most disturbing 

if confirmatory models could not be made from actual populat- 

-ions when considerable trouble is taken to conform to the 

postulates of the deductive theory". 

In the observational approach the delimitation of specific 

niches of congeneric sympatric species has been of especial 

interest. The results, however, are some what contradictory. 

The work, for example, of-Lack (1944,1946,1947) on various 

species of birds, of Hartley (1953) and Bette (1955) on titmice, 

of MacArthur (1958) on warblers, of Kohn (195(j on Conus, of 
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Dob h3nsky et al. (1956) and da Canha et . 1. (1957) on 

Drosolhila, and of Hartman (1957) on Clionidae indicates 

that where too or more closely related sýecies co-ezist, 

there is a difference in the niche occupied by each. 

On tue other hand the rah, for e "Ple, of Ross (1957) 

on y kids, or E1trin;; ham and Hock1ei (1958) on Limnoriu, of 

Diver (1940) on Syrphus and Sj haerophoria, and of Fryer (1957, 

1959) on certain coäe2ods and cichlid fishes in0c<. tes that 

Gauc, e 5 h`%yýotnecis may not a0a su )tii in nature. It . eer1n, 

in fact, that under certain circumstcuces congeneric u_ ecies 

may ex iot cynr atrica11y. 

Tcao rather different ern4irical approaches have been made 

by Elton (1966) and I. MacArthur (1957). Elton (1946) analysed 

the data from a number of ecological surveys and concluded that 

the avera e number of s-Dýcies -er ge: nu» in srii ll corgiunities 

vas less than the same ratio in larger comm nities. He ex-oluin- 

-eä this difference on the -rounds of inters-)ecific competition 

betu; een relayed ý-, ýecieo. Elton did not, however, allow for 

the random distribution of Species in differently sized samrlee, 

and his data, on re--analysis by Williams (1947) in fact showed 

eyactly the opy osite; there were rather more species per Genus 

in small communities than were expected. 
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For groups of symatrio species MacArthur (1957) plotted 

the mathematically derived curve relating the species abundance 

to the species rank (that is to say its position in the scale 

of commonness and rareness) if niches are either overlapping or 

non-overlapping. He found that the data from many bird censuses 

fitted more closely the curve for non-overlapping niches than 

the curve for overlapping niches. Kohn (1959) has applied data 

collected from multispecific associations of Conus and also 

finds that in certain cases there is a close correlation betveen 

the mathematically derived curve of non-overlapping niches and 

his empirical curve. 

One may only conclude from the available evidence that 

Gause's hypothesis, as a vide generalization, seems to be true; 

that where related species co-exist there is usually a differ- 

ence in the niche occupied by each. Those species which do not 

conform to Gause's hypothesis have been termed 'opportunistic 

species' by 2ia. cArthur (1960). 

Most animal populations, therefore, appear as if inter. 

-specific competitionl is regulating their structure. But most 

Footnote 1. In order that no confusion may arise, it is 
important to note here that the term interspecific competition 
is used in Birch's sense 1 (1957 p. 6), i. e. competition is the 
process that "occurs when a-number of animals (of the same or 
of different species) utilize common resources the supply of 
which is short; or if the resources are not in short supply, 
competition occurs when the animals seeking that resource 
nevertheless harm one another in the process". 
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of the evidence supporting this fact is entirely circumstantial, 

and it is only by inference that interspecific competition is 

assumed to be an important factor. In fact, as Andrewartha and 

Birch (1954) point out, the empirical evidence may be construed 

to indicate exactly the opposite; that niche differentiation 

usually results in interspecific competition being non-existent. 

Moreover, much of the evidence is concerned with situations in 

which competition would seem to have occurred, if at all, at 

some past time, and not with situations in which competition is 

a current process. 

The significance, therefore, of interspecific competition as an 

aatuua3 and extant process in natural populations is still largely 

unresolved, 

Several authors have attempted to indicate for various 

groups the significance of interspecific competition. For 

example, Udvardy (1951) concludes that for European birds inter- 

-specific competition is of no importance. On the other hand, 

Larkin (1956 p. 335) concludes that u hile the demonstration of 

actual competition in fish populations is extremely difficult, 

"it seems certain that competition does occur as measured by its 

end product". Hynes (1955) concludes that the present distri- 

bution of British fresh-water shrimps may be explained in terms 

of zoogeography and interspecific competion. Zimmerman 
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(1960 pj151), however, concludes that in Laccophilus "if 

competition does exist it is present for only four or five days 

in the year". 

The n=ber_ of cases in which competition is a demonstrated 

fact are extremely fev. Amongst these mast be mentioned Brian's 

(1952) study of four ant species and Pitelka's (1951) study of 

humming birds. In both of these studies the aggressiveness of 

one species to another vas shown to be a factor of importance. 

It is as a contribution to this gap in our knowledge of 

examples in which interspecific competition is an actual and 

extant process that the present research is primarily intended. 
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2. The problem of the ecology of Asellus aquatious (Linnens) 

1758 and A. meridianus Racovitza 1919. 

The existence of localities which contain both Asellus 

aountious and A. meridianus, as well as localities which contain 

only one or the other of these species, has been known from the' 

earliest times following the taxonomic separation of the two 

species in 1919. Dadich (1925), for example, noted that Unwin'n 

(1920) study of the reproduction of 'A. ac_uaticus' had been 

carried out on a mixed population of A. acuatious and A. merid- 

-anus, and Maury (1927) noted the presence in northwestern France 

of localities which contained both or either species of Asellus, 

Stammer (1932), also, noted that in the lower Rhine area both 

species were nearly always found together but that in the upper 

'waters of the rivers of this area A. aauaticus usually predomi- 

-nate d. 

Needham (1942) clearly stated the problem when he wrote 

(p. 73), "researches have shown that in England the areas of 

distribution of the two species overlap considerably and that in 

such districts they may be found living together or either may 

occur alone". 

Nobody has hitherto presented a satisfactory explanation 

of this distribution. But, several suggestions have been advan- 

-ced. Needham (1942) suggested that one species might possess 
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an advantage in another sort of habitat, or, alternatively, 

the distribution might be entirely fortuitous. Maury (1927) 

concluded that it was the conditions in each habitat which 

determined whether one or the other or both species would be 

present. He says (p. 58), "ii ya done des conditions du 

milieu qui d'eterminent 1'absence de 1'une on l'autre espýce, 

suivant le cas". The principle environmental factor was thought 

by Maury to be the temperature. At the British Ecological 

Society's Easter symposium in 1944 it was suggested that Asellus 

provided an example of two species with similar ecology which 

co-exist, constituting, therefore, an exception to Gau. se's 

hypothesis (Anon. 1944). 

But, in spite of the indirect interest shown in the problem, 

no detailed ecological work on either species has yet been done. 

Macan (1954 p. 138), referring to a survey of Irish fresh-water 

loughs, has recently emphasized this gap in our knowledge: 

"the ecology of Assellus is, as usual, obscure. Its presences 

and absences could not be explained, and the two places where 

A. meridianus was found were as unlike as any visited". 

It is not intended to review here, in detail, previous 

research on the genus Asellus. Pertinent work will be referred 

to as it becomes relevant in the text of the thesis. Briefly, 

however, previous research has tended to be concentrated along 
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two rather broad lines; the morpho-taxonom1cal and the 

physiological. Nevertheless, there is some previous ecological 

work. The work, for example, of Kaulberz (1913), Unwin (1920), 

Janke (1926), van Emden (1922), Zlaercks (1930) and Birstein 

(1951) is especially worthy of mention. There is also a large 

number of ecological facts which lie scattered throughout the 

literature. However, apart from the work of Un'Vin (1920) who, 

unknowingly, was probably dealing with A. meridianus as well as 

perhaps A. acuatious, most of this previous ecological work is 

concerned with only A. aauaticus; our knowledge, therefore, of 
the ecology of A. meridianus is even more limited than it is 

for A. aguaticus. 

Our lack of knowledge of the ecology of A. aguaticus and 
A. -meridianus is surprizing when the commoness in nature of both 

species is considered. Not only may huge populations of either 

species be maintained in certain places, but both species (in 

Great Britain at least) are widespread geographically and both 

may occur in a wide variety of-fresh-water habitats. Although 

both species seem to prefer still waters both may be found in 

moving waters. Berg. 
-(1948),, 

' for example, recorded A. aguatious 
from a part of the R. Susaa. in Denmark in which the current was 

above 50 cnlsec. 

Typically, both speciesý, areifound in normal fresh-waters, 
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but both have- been recorded from very soft waters and from 

brackish waters. Warwick (1959), Redeke (1930 and Holthuis 

(1954), for example, have recorded A. meridianus from brackish 

habitats. It has also been collected from Loch Ken in Scotland 

which contained only 0.15 meq/l. of calcium in June 1959. 

A. aguatious has perhaps an even wider tolerance. Thus, although 

Thienemann (1913 quoted in Lockwood 1959) recorded A. aauatious 

from Westaphalian brine pools which contained 434 mM. jl. NaCl 

and VUlikangas (1933 quoted in Lockwood 1959) recorded it from 

a part of the Baltic which contained 103 mti. f 1. NaCl, it has also 

been collected from Loch Oich in Scotland in which only 0.12 

meq/1 of calcium were recorded in June 19590 

In spite of the fact that A. meridianus appears never to 

have been recorded from an organically polluted river, A. aguat- 

-icus is often one of the commoneot animals in such habitats 

(Hynes 1960), and both species have been collected from polluted 

still waters. 

Not only is our lack of ecological knowledge surprizing 

when the commonness in nature of both species is considered; it 

is the more surprizing when one considers also the ease with 

which both species may be cultured in the laboratory, collected 

in the field, and quickly and reliably indentified. 
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The aims of the present research, therefore, are 

fourfold: 

(a) to summarize'the scattered literature on the 
ecology of A. aguaticus and A. meridianus; 

(b) to present new data on their ecology; 

Co) to attempt to interrelate their ecology in 
order to explain their distribution in 
nature; 

ids and to correlate this inter-relationship 
with contemporary biological thought 
concerning "the significance of inter- 
-specific competition in closely related 
species. 
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TAXONOL1Y 

Within the order ISOPODA the loss of a single pair of 

pleopods in the female is considered to be diagnostic of the 

sub-order Asellota (Hansen 1904 p. 311; Needham 1938 p. 127). 

On comparative morphological grounds, Hansen (1904 p. 312) con- 

-eluded that it is the second pair of pleopods that is absent. 

However, Racovitza (1919b. p. 109) by direct examination of a 

normal female of A. meridianus, and also by examination of two 

irregular females of Stenasellus Virei Dollf., indicated that 

Hansen was incorrect; it is the first pair of pleopods that 

is absent. Maercks (1930) from a study of intersexes in 

A. aguaticus, and Needham (1938) from a study of the development 

of the first and second pleopods of A. aciuaticus, likewise 

cpncluded that it is the first pair of pleopods that is absent. 

Farther evidence in support of the views of Racovitza, 

Maercks and Needham is given by the discovery during the present 

research of two peculiarly modified intersexes of Asellus, and 

a number of females of A. acuaticus in which the anatomically 

first pair of pleopods is intermediate in form between the 

anatomically first pair of normal female pleopods and the 

second pair of male pleopodsp The two intersexes differ from 

those studied by Maercks in that the left and right sexual 

pleopods-are dissimilar. 
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A brief description of the two intersexes is given below: 

Inter-sex 1. 

A. a uaticus; ' collected' from Buckley'Lake, Flintshire, 

, a9 1958; length = 8.5 mm.; 'ovigerous (both 
left and right ogstegiles present; left and, right- 
penes present; "first" left pleopod similar in con- 
-struction to the second pleopod of normal males; 
"first" right pleopod similar in construction to the 
"first! ' right pleopod of normal females. 

Inter-sex 2. 

A. meridianus; oollected'from Padeswood, Flintshire, 
25th April 1958, length - 9.5 mm.; small, oöstegites 
present on both left and right sides; left-and right 
penes present; "first" left pleopod similar in con- 

struction to the second pleopod of normal males; 
"first"right pleopod similar in construction to the 
"first" right pleopod of normal females. 

Since it would seem more reasonable to assume that in 

these intersexes each pair of left and right pleopode has 

developed from the same abdominal segment, rather than from a 

different one, it must be concluded that the "first" pair of 

pleopods in the female is the morphological homologue of the 

second pair of male pleopods. 

Figure 1 pp3 shows the fora of the "first'pleopod in a 

number of specimens of A. a guaticus. The specimens are regarded 

as females as in all of them penes were absent and brood pouches 

or regressed oUstegites were present. 

Footnote 1. The inverted commas indicate that the pleopod is 
anatomically the first. 
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Fib. 1. Diagran illustrating the form in A. aguaticas of the 

"first" left pleobod in a nor .l fenialee and in 

sevoral abnormal females; and the form of the 

second left pleopod in a normal male. 

(dravvings are not to the same 
scale) 

Explanation of figure: 

1. The "first" left pleopod in a normal female. 
2-6, The "first" left pleopods of females collected from 

the following places on the date indicated. 
2, Reading (Berkshire)- 9th Dec. 1958. 
$. Hatchmere (Cheshire l; 13th Au;. 1959. 
4. Hatchmere (Cheshire); 16th Nov. 1959. 
5: Hatchmere-(Cheshire); 30th Nov. 1959. 
6. Hatchmere (Cheshire); 16th June 1959. 
7. The second left pleopod of a normal male. 
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It can be seen from figure 1 that pleopods 2-6 show a contin- 

-ious series of intermediates between the "first" pleopod of 

normal females and the second pleopod of males. The occurrence 

of these intermediates indicates, a posteriori, that the 

"first" pair of female pleopods and the second pair of male 

pleopods is homologous. 

Racovitza (19196. p. 112) regarded the second female pleopod 

(i. e. the "first" female pleopod) as the fusion of a protopodite 

and an exopodite. Maercks (1930), however, concluded that the 

distal portion of the pleopod is principally derived from an 

endopodite. A study of Needham's (1938, p. 131-136) drawings of 

the developing male second pleopod of A. aguatious, and a study 

of the series of pleopods intermediate in form'between the 

female "first" pleopod and the male second pleoood (figure 1, 

2-6) are clearly in support of 2Saercks views; the distal 

portion of the female "first" pleopod is principally derived 

from an endopodite. 

The sub-order Asellota has recently been estimated 
(Waterman 1960) to contain over 500 species. These comprize 

both marine and fresh-water forms, but within the family 

Asellidae only fresh-water species are encountered. According 

to Birstein (1951), the exact time of origin in freshwater of 
the family is completely uncertain, as there is a total lack of 
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paleaontological data and of intermediate forms linking the 

Asellidae vith the related marine Parasellidae. 

The family Asellidae is divided by Birstein (1951) into 

five genera: Stenasellus, Synasellus, Johanella, Lirceus and 

Aselius. The genus Asellus 'Was created by Geoffroy Saint - 

- Hilaire (1764 p. 672; quoted by Racovitza 1919), but the type 

species had earlier been summarily described by Linnens (1758) 

under the name Oniscus aouaticus, Despite subsequent controv- 

-ersy, the type species became referred to-as Asellus aauaticus 

(Linnens) 1758. 

Up to the year 1919 all specimens of Asellus were ascribed 

to only two species: A. aQuaticus and A. cavaticus SchiVdte. 

But, in 1919 the species "A. aouaticus" was re-examined by 

Racovitza who concluded that more than one species had been 

confused under this name: "Asellus aquaticus auctorum est un 

grave erreur taxonomique et non une espece. Sous ce nom consacre 

par de nombreux Lustres, se cache nn gelange de formes disparat- 

es, d'ori-ine diverse et de valeur taxonomique multiple" (p. 33). 

Racovitza regarded those species which had formerly been 

ascribed to "A. aiuaticus" as being divisible into two quite 

distinct lines. The type species of the two lines were care- 

-fully described by him and designated A. aquatieus L. (sic) 

and A. meridianus nov. sp. The most salient differences between 
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these species were shocrn to be in the 1st and 4th male peraeo- 

-pod3, the lot and 2nd pleopods, the "first" (see footnote 1, 

p 2.2) : er. ele pleopod, and the number of. plumose setae on the 

inner lobe of the lot m xilla of both sexes. 

The difTereiýcs betreen the two species were clearly 

regerded by Baeovitza (1919 p. 34) as being at least subgeneric 

value. Hopever, the actual elevation of the two lines to the' 

status of subgenera vas undertaken by Dadioh (1925). For the 

line of which A. aa_uaticus was the type species he created the 

subgenus Acellus sensu strioto; for the line of vhich A. merid- 

-ienus us the type species he created the subgenus Proasellus. 

A. cevaticus cans regarded by Dudich as belonging to the sub- 

-Cenus Proasellus. 

Further nev subCenera have been created by Stammer (1932; 

Beioelesellus and Conasellus), Birstein (1951; Liesoasellus), 

and Ear=an (1952; quoted in Chappuis 1953; Subasellus, 

Arcasellus, and Cosasellts). 

The taxonomic validity of these subgenera has been question- 

ed by Chappuis (1953,1955). He wes especially critical of the 

characters need by Er-r=an in erecting the subgenera Subasellus, 

Arceselins, and Coxesellus: "I1 une faut protester energique- 

-tent contre ce mode de proceder. Faire une revision du genre 
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baseee zur les nocvea= caracteres ohoisis par Karaman est 

chose impossible" (1953 p. 68). Chappuic (1953) concluded that 

the most reasonable taxonomic procedure seemed to be to disregard 

all subgenera, and merely to divide the genus into groups of 

species. Bresson (1955) agreed with Chappuis in that she 

refused to accept the subgenera Sabasellus, Aroasellus and 

Coxasellu$, bat she thought that it was necessary to retain the 

subgenera Asellus s. s., Proasellus, and Baicalasellus. Of the 

remaining two subgenera, she made no reference at all to one, 
I: esoaeellus, and the other, Conasellus, she regarded as 

epnomous with Proasellus. 

Since Racovitza's (1919) revision of the genus, very many 

new species and subspecies have been described. Most of these 

have been referred to the subgenus Prossellus, but it is difficult 

at present to draw satisfactory conclusions as to the validity 

of many of them, and to the value of the criteria which have 

been used in the delimitation of subgenera. Little is known, 

for example, of the extent of individual variation, or of the 

extent of genetical isolation. However, our limited knowledge 

of individual variation does perhaps indicate that taxonomic 

categories have been interpreted too narrowly. Thus, Roubault 
(1954), by altering the salinity of the water, was able to 

transform specimens of A. banyulensis Rao. into specimens which 
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'were almost indistinguishable fror those of A. coxalis Dollf. 

I! oreover, brief studies undertaken during the present research 

revealed that phenotypic variation could, to some extent, account 

for the difference between A. neridianus and its subspecies 

aeridianus belF! icus Aroangeli, and between A. anuaticus and 

A. e uaticns forma cavernicola Rao. 

A. c: eridianus belaions is separated from the typical form 

of A. meridianus by differences in the chaetotaxy of the let and 

End male pleopods and by other minor differences. Table 1. p. 2.9 

shoes the number of setae on the let and 2nd male pleopods of 

specimens of A. meridianus from Padeswood (Flintshire), and on 

the let and End male pleopods of the type species of A. meridianns 

described by 8acovitza (1919), and the type species of A. merid- 

-ienus belsricne described by Araangeli (1935). The data on 

A. neridianus from Padesnood were obtained from specimens collect- 

ed on the 27th Larch 1958, and ranging in size from 4.5 mm. to 

9.5 mm. in length, and from adult specimens collected on the 

25th July 1958, the 29th September 1958, the 28th November 1957, 

and the 29th January 1958. Specimens of different size, and 

collected at different seasons sere used in order to give an as 

Wide as possible indication of phenotypic variation. 

The small size of the specimens (length = 5mm. ) fron which 
Arce, ngeli described A. meridianns belgiens may also account for 
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TAZONO21IC CELRACT AB0 

flc. ber of pegs on the basipodite 
of the let male pleopod. 1-2 11 

I1n=ber of setae on the oaten-edge 
of the distal segient of the 1st 

male pleopod. 13-25 20-221 52 

lluzber of feathered setae on the 
inner edge of the basipodite of 

the 2nd =ale pleopod. 1-6 32 

I7nWber of feathered setae on the 
distal edge of the exopodite of 

the End male pleopod. 7-20 14 8-9 

Tablel. The number of s 
eovods in A. 

Flintshire o 
A. rser d anus, 

on the lat 
! anus from 

ne type species or 
of the tea ecies of 

anus e 1gicas. 

Fxplanation of Table: 

1 n=ber recorded for A. meridianns collected from 
Padeswood (Flintshire). 

B= number recorded for the type species of A merid_ 
-ianns by Racovitza (1919). 

C= number recorded for the type species of A. merid- 
-ianus belgicus by Aroangeli (1935). 

1 Bacovitza quoted the number of'setae. as 20-22 but 
drew 26 (p. 40 fig. 10,1919). 

2 Although two of these setae were feathered, and 
feathered setae were neither found in Padeswood 
specimens of A. meridianus nor drawn by Bacovitza 
for A. meridianus, Needham (p. 64 1942) noted that 
feathered setae could occur here in A. meridianus. 
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come of the differences between the chaetotaxy of A. meridianus 

bell ens and A. reridianns, for a study of the development of 

the male pleopods of A. neridianns (Needham 1942) indicates 

that small specimens possess fever setae than larger ones. 

A. aQuaticns differs from A. acaaticus forma cavernicola 

in the absence of eyes and body pigment. However, in a sample 

from a cave in Burgenland (Austria) sent to me by Dr. H. L ffler, 

every gradation existed; some specimens possessed both eyes 

and pigment; other possessed eyes but lacked pigment; and yet 

others lacked both eyes-and body pigment. - 

Variation in taxonomic characters has been recorded also 

by other authors. Cooper (1923), for example, dealing with 

A. aonaticns, referred to variation in the number of plumose 

setae'on the inner lobe of the let maxilla, and noted that the 

triangular apophysis on the lot peraeopod of males "is not of 

great value as it varies greatly with age". Yet both of these 

characters were used by Dadich (1925) in the delimitation of the 

subgenus Asellus s. s. 

The most stable and reliable taxonomic character would 

appear to be the conformation of the tip of the endopodite of 
the 2nd male pleopod. Both Braga (1948) and Chappais (1949, 

1953) have indicated that it is upon this character that most 
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e--phasic should be placed, and it was mainly upon the basis of 

this character that Chappuis (1949) subdivided the subgenus 

Proacellns into tour groups of species. 

A Sea authors have carried out experiments concerning the 

extent of genetic isolation between species. Mandel (1926) 

ctte=pted to cross A. ieridianns, A. aouaticus and A. banyul- 

-en sic, and Rae-erli - Boveri (1926) attempted to cross 

A. acuaticas and A. cavaticus. Both authors failed to obtain 

any hybrids, although interspecific precopulation was frequently 

observed. On the other hand, Needham (1942), in order to explain 

the intersez recorded by UnLin (1920), suggested that A. acguati- 

-en8 end A. neridienus occasionally interbreed: "The intersect 

»ight then be due to interbreeding, which though rare may 

occasionally occur" (p. 76). 

A knowledge of the extent to which A. aquaticus and 
A. r_eridienus are genetically isolated is especially relevant 

Within the ecological context of the present work. For this 

reason therefore, attempts were r3deto cross A. aguaticus and 

1. eeridianus. 

On the 15th Ir arch 1960 the males and females of five 

precopulating pairs of A. eguaticus, and five preoopulating 

p. 1rs of A. ceridianus, teere separated. Each male thus 
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obtained vas placed in a petri-dish, together with a little 

water and an elm leaf. To each petri-dish containing a male 

A. aguaticus was added one of the separated A. meridianus 

females, and to each petri-dich containing a male A. meridianus 

van added one of the separated A. acuaticus females. All 

females were sm.. aller than the male with which they were placed. 

The petri-dishes were kept at room temperature (18-22°C). 

)aoh interspeoifio pair was observed at approximately daily 

intervals, and the sexual condition of the female noted. The 

daily observations are summarized in diagrammatic form in 

figure 2. p. 2.13. 

It can be seen from this figure that interspecific precop- 

-alation vau observed in two pairs, A. meridianus CO % 

A. nonaticns ý, and A. aonaticus Ci' I A. meridianus 

It can also be seen that all females became ovigerons, although 

the time at which they did varied from 1-14 days after the 

beginning of the experiment. Three of the ovigerous A. meridi- 

-ene fexales, and one of the ovigeroas A. aonatious females, 

died whilst still ovigeroas. Examination of the eggs contained 

With the brood pouches of these females revealed that they had 

undergone no embryonic development. It must, therefore, be 

concluded that the eggs were infertile; normal eggs, incubated 

for a similar period of time and at the same temperature would 
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have clearly shown embryonic development. Three of the ovigerous 
A. eonations females, and the remaining two ovigeroas A. merid- 

-Senna fees dropped all their eggs in an undeveloped condition 

after a varying period of incubation. It mast be presumed that 

these eggs, also, were infertile, for even those that had been 

incubated for 26 days showed no embryonic development. The 

remaining ovigeroan A. aguaticus female released live young 

after an incubation period of 17 days. This brood was separated 

from the female and kept under observation, but, unfortunately, 

only one specimen survived to an age at which the sexual pleopods 

were well developed. The sexual pleopods of this survivor 

proved to be those of a typical A. acnaticus female. 

In only one instance, therefore, did any of the females in 

the interspecific pairs produce a live brood. The eggs of this 

female must have been fertilized, for the results of Haemmerli- 

-Boveri (1926), and results from the present experineht indicate 
that unfertilized eggs do not develop. A number of facts suggestSc 
that this fertilization was effected by the A. aguaticus male 
trog which the female had been separated, and not by the 
A* ineridienus male with which she then was placed. 

It is known fron observations during the present research, 
and also fron the work of Unwin (1920) and others, that before 
copulation and oviposition can occur in Asellus, the female 
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must moult. This moult, the "Parturial - hafitung" (Emden 1922), 

consists of two phases. During the first phase the posterior 

part of the old cuticle is cast, revealing the open vaginae; 

during the second phase the anterior part of the old cuticle is 

cast, releasing the large oöstegites. Introduction of male 

sperm into the vaginae occurs in the first phase, whilst ovi- 

-position occurs in the second phase. An interval of up to 24 

hours between the completion of the two phases has been recorded 

by Unwin (1920), and an interval of up to four days by Haemmerli- 

-Boveri (1926). However, in a number of precopulating pairs of 

A. aquaticus and of-A. meridianus observed at daily intervals 

in 11arch 1959, this interval was never more than one day. It 

can be seen from figure 2 that the female which produced the live 

young was ovigerous from the very first observation after her 

separation from the A. aouaticus male, and it is possible, there- 

-fore, that this female had cast the posterior part of'her old 

cuticle and copulated with the A. aquatious male before 

separation. The lack of live broods from. females for which 

there is no doubt that fertilization did not occur before 

separation, and the form of the sexual pleopods in the sole 

survivor of the live brood, also indicate that fertilization of 

the female which produced the live brood was effected by L4 

A- aauaticus male. 
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It may be concluded from the experimental results that 

there is no evidence that A. eouaticus and A. meridianus inter- 

-breed. This conclusion is further supported by information 

obtained from the field. Thus, although over 9,000 specimens 

of A. seaaticus and A. meridianus from two localities cohere 

both species occurred were examined in the course of investi- 

-gations into their life - histories (see chapter 4), none of 

these specimens, nor the many specimens collected from other 

localities where both species occurred, ever had intermediate 

taxonomic characters. Even interspeeifie precopulation appears 

to be negligible in the field, for no interspecific pairs were 

collected during the present research, and there is only a 

single record in the literature (Mandel 1926) of such a pair. 

Ileedham's (1942) suggestion that intersexes in Asellus are due 

to interbreeding must be regarded as incorrect; an examination 

of all the interseaes discovered during the present research 

revealed that none of these possessed any indication of inter- 

-mediate taxonomic characters. 
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The British snecies of AÜe11uzs, 

A. agueticus end A. meridianus were recorded from Britain 

by Racovitza (1919) when he first described these species, and 

soon sfterv; ards were also recorded from Britain by other "vorkers 

(Tattersall (1920), Chilton (1920), Cooper (1925)). A. cayaticus 

was first recorded from Britain by Tattersall (1930). Up to 

1944 these three species were the only s'? -ecies of Asellus recorded 

from Britain, but in that year, and in 1945 and 1946, Collin e 

(1944 a, b, 1945 a, 4,194.6 a, b, c. ) described four new species of 

Asel'_us, and numerous varieties of A. a(,. u-aticus. The four new 

Species of Asellus were named A. crn_nticus, A. hazeltoni, 

A. patoni, and A. cLaicki. These new sjecies and the v: rieties of 

A. au ticus described by Collinge cannot be acce)ted; Birstein 

(1951), although recognizing A. 'hazeltoni (-' A. collingei Birst- 

-ein), pointed out that A. cry_ticus and A. auicki were 

insufficiently described, and %ioon (1953), after a re-e. uminütion 

of Collinre's speciraenc, concluded that all could be referred to 

either A. meridicnuo or to the typical form of A. ücuaticus. 

Only three species of Asellus, therefore, are known fror 

Britain: A. aauaticus, A. meridianus and A. cavaticus. This 

statement is supported by a careful morphological study of all 

specimens of Asellus which were collected from throughout 

Britain during the investigation into the geographical. 
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diutributions of A. ecuetiens end A. ceridianus (see chapter 3). 

In thin ntndy particular attention ryas paid to the structure 

of the lot cad 2nd male pleopoäs, and these were examined under 

the 1o:, and hi3h poners of the microscope. The study revealed 

that the fen specimens of A. eavatieus at my disposal did not 

differ nignificantly from those described by Tattersall (1930), 

and that all specimens of A. nouaticus and A. rneridianns were 

Cimiler to the type species described by Racovitza (1919). 

, he lack of anS Seographical variation in A. aouaticus 

in Britain is not surprizing when the recent origin and post- 

-glacial icigration to Britain of this species is considered. 

On the other hand, the discovery of some geographical variation 

in A. Weridicnas would not have been altogether unexpected. , 
Braga (1956), for excple, has suggested that a close exaina- 

-tion of A. Weridianus in western Europe will reveal that it" 

is conprized of several forms: "La large distribution 

atribu ek I'1l. ceridienns dens 1'Znrope oocidentale noun 

fait sonpgonner, vne la diagnose tAs etroite de cette espýoe, 

gn'il y aura probablecent d'antre forces qui ont ete 
,. 

confondnec avec le tie de 8acovitza. Ces formes doivent 

Pent=Itre ce traduire en cystenatique par des coupures de 

Cate orie plus elevee que cello de-simples biotypes locaux.. 

Le group d'A. rieridianns doit etre revis6", 
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Some geographical variation in A. meridianus has, in fact, 

been reported by Needham (1942 p. 64). He stated that specimens 

of A. meridianus from the north of England differed from the 

type species in that they possessed feathered setae on the 

distal segment of the 1st male pleopod. However, Needham's 

statement is incorrect; such setae are not found in A. merid_ 

-ianus from northern England. 

Although there are no significant morphological differences 

between specimens of A. meridianus from Britain and from the 

continent, there may be some chromosomal differences. Thus, 

Mandel (1937) found that in A. meridianus from the continent 

2n = 14, and later (1947; quoted by Muldal 1951) that 2n c 16, 

whereas truldal (1951) found that in A. meridianus from Britain 

2n = 10. 

A brief key for the separation of the British species of 

Asellus has been recently published (Hynes, Macan and Williams 

1960). The species are separated in this key on the basis of 

their differences in head pigmentation, ist male peraeopods, 

ist and 2nd male pleopods and "first" female pleopods, and on 

the presence or absence of eyes and pigment. The difference 

in the pattern of pigmentation on the head of A. aguaticus and 
A. meridianus was first observed by Scourfield (1940). This 

difference is evident in even the smallest specimens, and is 
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especially useful as it allows of specific indentification in 

the field. Although care is required in its use, -it has been 

found to be over 99% accurate. 

Apart from the morphological differences between A. aguaticus 

and A. meridianus outlined by Racovitza (1919) and Scourfield 

(1940), there are a number of more subtle differences which 

distinguish the two. But, none of these is determinative when 

used alone, and it is only with practice that they'are of use. 

Perhaps the two most evident are head-shape and colour. In 

general, in A. meridianus the head tends to be smaller-in 

proportion to the rest of the body than does the head of A. aguat_ 

.. icus, this difference being especially visible in larger 

specimens. Furthermore, the front of the head of A. meridianus 

usually presents a more rounded appearance than does that of 

A. aauaticus. In colour A. meridianus is usually darker than 

A. aquaticus, although Cooper (1923) and Warwick (1969) regarded 

the opposite to be the case. 
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(EOGRAPHICAL DISTRIBUTION. 

A knowledge of the geographical distribution of closely 

related species has often proved useful in the elucidation of 

their ecological inter-relationships. Thus Hynes (1954), for 

example, infers mainly from zoogeographical evidence that 

Gammarus duebeni Lillj, is excluded from most fresh-waters in 

England, Scotland and Wales by the presence there of G. pulex(L. ), 

for in Ireland, where indigenous G. puler is absent, G. duebeni 

is widespread in fresh-waters. Similarly, Reynoldson (195& 

suggests that Dendrocoelum lacteum (Mill. ) may be excluded 

from certain habitats in Britain by the presence of Polycelis 

nigra (Mull. ) 
, for in Sweden, where P. nigra is absent, 

D. lacteum is found in habitats which in Britain typically 

contain P. nigra. However, Reynoldson (pers. comm. ) has not 

so far been able to demonstrate any actual competition between 

these two species. Our deductions concerning the interspecific 

relationships in Britain of the Blue, Irish and Brown hares 

(Harrison 
- Mathews 1952), and of the various species of field 

mice, are also based largely on zoogeographical evidence 

(Beirne (1952)). 

But, whether a knocaledge of the geographical distribution 

of related species is of any deductive value or not, no 

ecological study can be-considered complete raithout such 

knowledge. 
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1. The Distribution of A. aguaticus and A. meridianus 

outside Britain. 

The geographical extent of A. aguaticus outside Britain 

is indicated in fig. 8, p. 3. +? -, and the details of its 

distribution in Denmark, western Germany, France and the Low 

countries in fig. 3a, p. 3.37g The geographical extent of 

A. meridianus outside Britain is indicated in fig. 3b, p. 3.37 

In these maps the distributions of A. acauaticus and A. - meridianus 

have been plotted in France on a departmental basis and in 

Denmark, western Germany, and the Low countries on a provincial 

basis. Where a department or province is completely blacked 

in this indicates that a definite locality record exists; 

where it is only vertically hatched this indicates that I am 

unaware of any definite locality records, but that the species 

concerned has been recorded from the general area. The maps 

have been compiled using information obtained from three 

sources; from a number of collections made in France during 

the present research; from collections made for me or records 

sent to me by several foreign and British zoologists; and from 

records in the literature. 

The collections in France were made during August and 

September 1959, when 105 localities were visited. These 

localities were mainly distributed along the western coast of 
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France from Dieppe in the north to Banyuls - sur - Tier in the 

south. The majority of localities were, sluggish streams, but 

collections were mete also from lakes, ponds and rivers. At 

each locality a stramin hand - net was vigorously pushed to 

and fro amongst the debris and vegetation present, and the 

debris thus loosened collected in the net. When it was judged 

that sufficient debris had been collected it was transferred 

to a flat enamel dish containing a little water, and carefully 

searched for specimens of Asellus. If Asellus was not found 

in the first collection, two or three collections were made 

before Asellus was presumed absent. Specimens were transferred 

to a small tube containing 70jä alcohol and were identified on 

arrival back at Liverpool. Of the 105 localities investigated 

24 contained only A. meridianus; 3 contained only A. aguatious; 

2 contained both A. aa_uaticus and A. meridianus; 1 contained 

both A. aauaticus and A. coxalis (sens. lat. ); 3 contained 

only A. coxalis (sens. lat. ); and 72 contained no Asellus. 

Collections of A. aquaticus from Germany were made by 

Dr. H. B. U. Hynes (near Mainz); from Austria by Drs. T. B. 

Reynoldson (Mondsee) and H. LUffler (Burgenland); and from 

France by Dr. H. B. N. Hynes (department of Meuse), Prof. J. 

Legrand (department of Aisne), and Madame Balesdent - Hargaet 

(department of 11-et-Moselle). Collections of A. merid- 
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-ianus from France were made by Dr. H. B. N. Hynes (department 

of Finistýre), Prof. J. Legrand (department of Vienne) and 

lions. L. Berner (department of Allier and Ain). Records of 

the presence of A. ýacuaticus in Holland have been sent by 

Dr. L. B. Holthais, and in France by Prof. J. Wautier (department 

of Rhone), Dr. P. Aguesse (department of Bouches-da-Rhone) 

and lions. A. Roubault (department of Seine-et-flarue). In 

addition, Dr. Per Brink (Hynes pers. -comm. ) records A. aquaticus 

from northern Sieden (Jokkmokk, R., Lule). Records of the 

presence of A. meridianus in Holland have been sent by Dr. 

L. B. Holthuis, and in France by Prof. P. A. Remy (departments 

of Moselle and Lorraine), Prof. P. A. Chappuis (department of 

Haute-Garonne),, lions. A. Roubault (departments of Seine-et- 

-Marne) , and. Madame -Balesdent - Marquet (department of leurthe- 

-et-Moselle). 

All. collections of Asellus from outside Britain have 

been deposited at the British TSuseum, London. 

Distributional records'of Asellus are scattered throughout 

.. -a wide field of literature,, ana many records appear as only. 

incidental-facts-in papers-which are not primarily concerned 

with Asellus.: Moreover, many of the earlier records are of 

dubious- validity. -, ',. The following account of published 

geographical records of Asellus is not therefore claimed to be 



3.5 

an exhaustive one. 

A. aguatious has been recorded from FRANCE by Racovitza 

(1919), Maury (1925,27), Vandel (1926), Chappuis (1949) and 

Birstein (1951); from MANY by van Kaulberz (1913), Emden 

(1922), Janke (1926), Maury (1927), Maercks (1930), Stammer 

(1932), Chappuis (1949), Birstein (1951) and Seitz (1954); 

from HOLLAND by Redeke (1937), Chappuis (1949), and Holthuis 

(1954,56) and Smissaert (1959); from BELGIUM by Arcangeli 

(1938 quoted in Remy 1940) and Chappuis (1949) ; from DI iARK 

by Stammer (1932), Berg (1938,48,56), Stephenson (1944) and 

Dunn (1954) ; from SWITZERLAND by Carl (1908 quoted by 

Racovitza 1919), Stammer (1932) and Chappuis (1949); from 

SVTEMM by Stammer (1932), Brandin (1949) and Chappuis (1949); 

from NORWAY by Sars (1899), Maury (1927), Stammer (1932) and 

Chappais (1949); from AUSTRIA by Birstein (1951); from 

ITALY by Dudioh (1925 synonym A. arthrobranchialis), Stammer 

(1932) and Chappuis (1949); from YUGOSLAVIA by Racovitza (1919), 

Dudish (1925), Remy (1940), 0. and L. ýKosswig (1940), Chappuis 

(1949) and Birstein (1951); from ALBANIA by Lonod (1932 

quoted in Remy 1940); from POLAND by Dudioh (l925ä), Stammer 

(1932) and Urbanski (1947); from ROUMANJIA by Chappuis (1949); 

from HUNGARY by Dudich (1925ä), Stammer (1932), Chappuis (1949) 

and Birstein (1951); from CRETE by Chappuis_(1949); from 

GELM by Reny (1940), Stephanides (1948) and Chappuis (1949); 
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from TURKEY by Remy (1940) 
, C. and L. Kosswig (1940) 

, 

Bresson (1955) and Chappuis (1949); from PERSIA by Remy 

(1940), Bresson (1955) and Barstein (1951); from the CAUCASUS 

and IIANGISTAN by Birstein (1951) ; and from European RUSSIA 

by Tschetwerikoff (1911), Stammer (1932) and Birstein (1951). 

A. apuaticus has been recorded also frOm SIBERIA by 

Chappais (1949) and Remy (1940); from CHINA by Shen (1936) 

and Remy (1940); from LABRADOR-by Packard (1867; quoted by 

Richardson (1905)); and from INLAND by Fabricius (1780), 

Krfyer (1838), Packard (1867), Richardson (1905). and 

Stephensen (1913). The records of Fabricius, Krýyer and 

Packard have been quoted from Richardson (1905). As, Birstein 

(1951) points oat, however, the east Asian species of Asellus 

are not A. aquaticus and, although the eastern limit of 

A. aguaticus has not yet been accurately determined, it is 

absent from the Urals and is probably not present further east. 

Similarly, Johansen (1926) has shown that A. aguaticas is not 

present in Labrador: the record of its presence there is the 

result of a misidentification. Since A. aquaticus was recorded 

from neither Iceland nor the Farces by Poulsen (1937,1939), 

the record of A.. aquaticus in Greenland seemed inexplicable. 

. 
Chappuis-(1949) and Birstein (1951). both of whom have given 

recent synopses of the distribution of A. aquaticus. have 

nevertheless perpetuated the early records of its presence 
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there. Birstein (1951) does suggest, however, that it 

might be a mistake. Because of the interest of this matter 

I wrote to Dr. Reen who has collected extensively in Greenland. 

His important reply (ist Uareh 1960) is given in full below: 

"The appearance of Asellus aquaticus in Greenland is very 

doubtful. All statements about finding of the species are 

from last century, and in fact, 'these do not seem reliable. 

I myself never saw the species in Greenland, even though I 

have examined ab. 250 freshwater localities. I. -have also 

contacted the Greenland Fishery Examinations Department; here 

the stomach contents from a great number of sea trouts has 

been examined also stocks of trouts wich have never been in 

salt-water - but traces of Asellus were never found in these 

stomachs. " 

"In "Meddelelser om Grinland", vol. 22, no. 1, pp. 239-240 

Stephensen gives a summary of the old finding and only in one 

case there is an indication of place. viz. from the fish cape 

in S. V. - Greenland. This is one of the places where in the 

old days sailing ships went to have the-water tanks filled up. 

One might imagine that the water tanks were polluted and 

therefore had to be cleaned. If Asellus from Denmark were in 

the 'water tanks the species might have been thrown out, and 

later on somebody collected them thinking it was real Greenland 

species. The mistake can be explained the 'way that most of the 
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old statements, rely on collections made by different people 

who liked to do the zoological Museum in Copenhagen a favour. 

I may add that from the same period a great number of 

Entomostraca has been stated from Greenland, and these-have 

never been found since". 

"Stephensen does give a Greenland name for the species, 

but the spelling is mistreated in such a way that none of the 

Greenlander living here in Denmark, whom�I bave -asked the 

question, was able to tell what it meant. The name may rely 

on a mistake, which is the case with several Greenland names 

stated by Stephensen". 

It would thus appear that A. aauaticus is probably absent 

from Greenland. 

Birstein (1951) emphasizes the absence of A. aguaticus from 

the Arctic and especially from the Arctic islands. It has also 

never been recorded fron Africa. In Europe. it has never been 

recorded from the Iberian peninsula, and it was recorded from 

neither the Balaeric Isles by 3. Zargalef (1952) nor from, Corsica 

by Angelier (1957). 

Outside Britain A. meridianus has previously been recorded 

from only France, Germany, Holland and Belgium. From FRANCE 

it has been recorded by Bacovitza (1919) Habaalt (1931,34), 
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Poisson (1932), Stammer (1932), Remy (1932), Chappuis (1949) 

and Hynes (1959) ; from C RT, MANY by Stammer (1932) ; from 

HOLLAND by Redeke (1937), Holthuis (1954,56) and Smissaert 

(1959) ; and from BELGIUM by Arcangeli (1935 subsp. A. meridianus 

belpicu. s) and Chappais (1949), 

The distribution of A. aguaticus and A. meridianus in 

northwestern France is of especial interest because of the 

relative isolation of parts of this area. Jig. 4 p. 3.38 shove 

in diagrammatic form the proportion of the ttvo species in each 

department of this area. This figure is based mainly upon 

the recordSof. Maury (1927) and Hynes (1959), and upon collections 

made during August 1959. Although Maury's records are not 

strictly comparable 'with later ones because of the difference 

in time of collection, the figure does indicate in a general 

manner that in the peninsulas of Brittany and Normandy and 

on Sark and Guernsey (Channel Isles) A. meridianus is the more 

common if not the only species of Acellus present. A fall 

explanation of the figure and a table indicating the details 

of the records on which it is based are given on the page 

facing the figure. 
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2. The Distribution of A. ac}uatieus and A. meridianus 

in Britain. 

Figs. 5 and 6, saes 3. ' and 3.40, show the distribution 

in Britain of A. aý, uaticns and A. meridianus. These figures have 

been )lotted on a vice-county basis. The small arrovs at various 

points along the coastal line indicate that there is a record 

from an island at that point. Although there exist a number of 

published distributional records of Asellus in Britain, the 

maps have been compiled almost entirely from recent records. 

Table 1, appendix A, pages 10.1-10.5, indicates the number of 

records for each vice-county. Records obtained before June 1960 

have been published in map form (Hynes, Macan and 'Yilliüms 1960). 

Records have been obtained from four princir-al sources: from 

collections made during the present research; from collections 

made for me and specimens sent to me by numerous amateur and 

professional zoologists; from' collections in the possession 

of Prof. H. P. 1oon; abd from collections müde by Mr. T. Warcýick. l 

A few additional records from collections in the British 13u:; eum 

and from the literature have also been used.. In all cases in 

'which specimens were not examined by myself a record was accepted 

as valid only if it was certain that the person who identified 

the s,. )ecimens was clearly aware of the specific criteria. 

Footnote 1. ", '1arvlick has subsequently published his records 
(Warcvick, 1959) . 
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Collections from various vice-counties were made during 

the present research as opportunities presented themselves. 

All collections were made in the manner described on page 3.3. 

In Hay 1959 a special expedition to Scotland was undertaken, 

and during this a total of 69 localities were investigated in 

22 vice-counties extending as far north as R. Ross. In addition 

much valuable information was obtained on the northern occurrence 

of Asellus from Mr. N. O. Morgan (Fresh-water Fisheries Research 

Laboratory, Pitlochry), Dr. G. Richter (Gordonstoun) and 

ihr. T. Warwick, (Edinburgh) 

During February 1960 a circular letter requesting the 

codperation of amateur naturalists in obtaining vice-county 

records was sent to the secretaries of all natural history and 

related societies in vice-counties for which no records were 

available. These societies are listed in the "Directory of 

Natural History and other Field Study Societies in Great Britain" 

(1959). In all 161 letters were mailed. Type specimens were 

sent when requested. 

Many professional zoologists also have coäperated by 

collecting specimens of Asellus and/or sending information 

about its absence in particular areas. Their names are included 

in the acknowledgements. 
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My entire collection of Asellne from Britain has been 

deposited at the British Mlaseum, London. 

In the literature both A. aauaticus and A. meridianus have 

been recorded in Britain many times. Amongst those who have 

recorded A. agaaticus are Racovitza (1919), Tattersall (1920), 

Chilton (1920), Cooper (1923), Maury (1927), Palmer (1934), 

Scourfield (1940), Munro (1953), Zoon (1953), iTaoan and Lund 

(1954), Fryer (1955), Weerekoun (1956), Moon (1957a, b), 

Tacker (1958), and Lockwood (1959). Amongst those who have 

recorded A. meridianas are Racovitza (1919), Tattersall (1920), 

Chilton (1920), Cooper (1926), Haury (1927), Palmer (1934), 

Humphries (1936), Pyefinch (1937), Scourfield (1940), Dunn (1952), 

Moon (1953), Galliford (1953), 31-acan and Lund (1954), Fryer 

(1955), Davis (1956), Moon (1957a, b), and Tucker (1958). The 

check - list of Asellus species in Britain produced by W. E. 

Collinge (Collinge 1946a) has been ignored; Moon (1953) has 

shown that CollingeTs identifications are invalid. 

Many of the vice-counties in figures 5 and 6 are blank 

simply because no collections have been made, and not because 

Asellus is presumed absent. However, in certain areas in the 

north of Scotland and on some of the Scottish islands careful 

searches for Asellus have been made without success. Dr. J. D. 

Hamilton (pers. comm. ). did not find it on St. Kilda, and Ike. 
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P. E. Davis (pers. comm. ) and Mr. I. Efford (quoted from 

Reynoldson pers. comm. ) have been unable to find it on Fair- 

-Isle. In the Outer Hebrides it vas recorded from neither the 

Isle of Levis by Elton (1936) nor from Barra by Forest et al. 

(1936), and Bertram (1939) did not record it from Canna or 

Sanday in the Inner Hebrides. Furthermore, Heynoldson (pers. 

comm. ) did not find any on Islay, despite ä careful search 

of 20 lakes, and members of the Buteshire Natural History 

Society were unable to find any on Bute. 

On the Scottish mainland Mr. 11.0. Morgan (pers. comm. ) has 

made collections from over 30 lochs in western Sutherland 

without finding Asellus. These lochs included many of the 

calcareous lochs in the Durness district. Moreover, he was 

unable to find Asellus in the Strathpeffer and Bonar Bridge 

area of E. Ross, the Ardnamurchan peninsular of C7esterness, 

in Loch Garry in Easterness, and in eastern Sutherland, 

Dr. Hynes (pers. comm. ) notes the absence of Asellus from the 

Stoer area of western Sutherland and Mr. T. Warwick (pers. comm. ) 

did not find it in the Arisaig area of Tlesterness. In addition 

Dr. Hynes informs me that the late Mr. D. H. Reid was x ver able 

to find Asellus in Sutherland despite careful searches. 

It 'would appear, therefore, that Asellus is probably 

absent from many of the Scottish islands and from most of the 
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Scottish mainland north of the Great Fault. North of the 

Great Fault Asellus has been recorded from only to localities. 

Both of these are situated in the lowland area of Caithness 

and contained A. aouaticus. 

The number of localities in Ireland fron which Aselius 

has been recorded are few; it seems, however,. that both 

species are wide-spread there. 

Although it can be seen from the maps (figs. 5 and 6) that 

the distribution of A. aguaticus and of A. meridianus in 

Britain is essentially similar, the maps reveal also that 

there are a few important points of difference between the 

distributions of the two species. Thus, on all the western 

peninsulas of Britain for which positive records of Asellus 

exist, A. rneridianus would appear to be the predominant if 

not the only species of Asellus present. This is perhaps 

shown more clearly by the table below, in which all the 

records of Asellus from western peninsulas have been collected 

together. 
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Vice-county Nunber of positive records: 

A. meridianus A. aguaticus 

Clare 1 1 

Galway, W. 1 0 

W. Mayo 2 0 

glesterness 0 1" 

Ayr 1 1 

Kirkcadbright 3 0 

FWigtown 1 0 

Carnarvon 4 0 

Pembroke 1 0- 

W. Cornwall 2 0 

E. Cornwall 1 0 

Similarly all but one of the records of Asellus from the 

offshore islands of Britain are of A. meridianus. It is thus 

the only species recorded from the Isle of Man, Bardsey, Island, 

Skokholm, Lundy, the Scilly Isles, the Isle of Wight, Guernsey 

and Sark. Pyefinch (1937), Galliford (1953)and Davis (1956) 

also note that it is the only species recorded by them from, 

respectively, Bardsey, Lundy and Skokholm. 



-3.16 

Both A. aquaticus and A. meridianus are present on the 

offshore island of Anglesey. Because of the geographical 

isolation of this island, the relative distribution of the 

two species is of interest. The distribution is shown in 

figure 7, p. 3 AI. The map has been compiled from records 

collected by Dr. Hynes in 1950 and identified by Prof. Moon 

(Moon 1960, pers. comm. ); from records collected by Dr. 

Reynoldson in 1958 (Reynoldson 1959, pers. comm. ); and from 

records collected in 1959 during the present research. Since 

these records were collected at different times the map is to 

be considered, therefore, as only a general indication of the 

distribution over a 10 year period. The details of the change 

in the numerical ratio of the two species at L. Llywenan is 

discussed in chapter VIZ. 

Of the 40 localities (comprising ponds, lakes and streams) 

where Asellus 'was collected, 35 contained only A. meridianus; 

1 contained only A. aguaticus; and 4 contained both species. 

L. Penrhyn has been included as a locality containing both 

species although Reynoldson recorded only A. aguaticus. from 

here in 1958. However, both species were collected in April 

1959, and since Reynoldson collected only a few specimens it 

seems likely that both were present in 1958. 
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It is thus evident that the predominant species of Asellus 

in Anglesey is A. rneridianus. The localities where A. aquaticus 

is present are restricted to Holy Isle and that part of 

Anglesey close to Holy Isle. 

3. The Distribution of the subgenera Asellus sensa 

stricto and Proasellus. 

The causal zoUgeography of A. aouaticus and A. meridianus 

cannot be fully understood without a knowledge of the 

distribution of species related to them. Although, as noted 

in chapter 11, the taxonomy of Asellus is still a subject for 

argument, most authorities agree that A. aquaticus and 

A. meridianus belong to two clearly demarcated species - groups. 

For convenience, and following Dudich (1925), these groups 

will be referred to as subgenera. 

The most recent review o± the two subgenera is that of 

Birstein (1951). Under the subgenus Asellus s. s. he lists 5 

species and 7 subspecies, and under the subgenus Proasellus 

he lists 22 species and 22 subspecies. A. collingei must be 

deducted from Birstein's list as it has since been proven invalid 

(Moon 1953). Many species and subspecies of A sellus s. s, and 

Proasellus, however, have been described since Birstein's 

review. Those which must be regarded as belonging to Asellus 
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s. s include A. acuaticus Bercziki Ponyi described from 

HunSury by Ponyi (1956), and the forms and subspecies of 

A. a., aticus in eastern Europe described by Lwrnan (see 

Chappuis 1953). The entire distribution of Asellus s. s, is 

indicated in fig. 8, p. 3.42. Those s1ecies and subspecies of 

Proasellus of which Birstein vvac unat are, or , vhich have been 

described since 1951 include A. arthrodrilus BraSa (1945), 

A. co: alis ibericus BraJa (1946), A. conimbricencis Braga 

(1946) 
, A. ne. - 7erirnhoffi bou>--ieneis Braga (1948) 

, A. sle. vus 

Rera (194>) 
, A. coxalis gabriellae Mar. alef (1950), A. Xavieri 

Brasa (1956), A. Heilvi L-., -, rand (1956). A. s1 xvus salisburj=; ensis 

Strouhal (1958), and possibly also A. nauloce Brau (1958). 

The entire distribution of Proaselluc is also indicated in 

Fig. 8, p. 3.42. 

The syoecies of 'Proasellus' described from America by 

Bresson (1955) have been omitted from figure 8. It is felt 

that the taxonomic characters vq: Zich constrained 1. tme. Bresson 

to tut these e'ecies in the suqý:, enus Proasellus are due to 

convergent evolution, and not to a close phylo; enetic 

relationship. Her equation of the nprth American subgenus 

Conasellus with Proasellus is also regarded in the same light. 

From figure 8 it can be seen that the subgenus . Asellus s. s. 

is widespread in Europe 
, 
but is 

. absent from the Iberian 
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peninsula and perhaps from the extreme north. In Asia it is 

widely spread in the vest, but for vast areas of central Asia 

it is not encountered except in the Ob' and Irtysh basins, 

in L. Baikal, and in the delta of the rive Lena. This absence 

is apparently actual, and not due only to the absence of 

collections (Birstein 1951). In eastern Asia it is once more 

widespread and is present in Khabarovsk (U. S. S. R. )9 China, 

Japan, and Korea. In Europe and gestern Asia the area of 

distribution of Asellus s. s, is almost synomynous with that 

of A. aguaticus; elsewhere, species other than A. aquaticus 

are encountered. 

The distribution of Proasellus is far more restricted and 

it is almost entirely limited to western Europe and the 

circum - Mediterrenean region. Many of the species and sub- 

-species of the genus are known only from the region from which 

they were first described, but four species, A. meridianus, 

A. cavaticus, A. coxalis, and A. anophthalmus Karaman have a 

wider distribution. The distribution of A. meridianus has 

already been described. Dr. E. M. Sheppard (pers. comm. ) records 

A. cavaticus from south Wales, and it has previously been 

recorded from southern England (Tattersall 19,, 30), France, 

Switzerland, Germany, and Austtia. Records of its presence 

elsewhere in Europe are probably incorrect (see Chappuis 1949). 
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A. ooxalis and its subspecies are videly distributed along 

the periphery of the Mediterraneen, and A. anonhthalnius and 

its subspecies are found in the Balkans. 

4. Discussion. 

A discussion of the causal zodgeography of A. aauaticus 

and A. meridianus may conveniently be divided into tivo parts; 

one part dealing' principally vvith the origins and subsequent 

distributions of the two species; another part dealing 

principally with the significance of their present distributions. 

When Racovitza (1919) first demarcated A. acuatious and 

A. meridianus (but see chapter 11) his knowledge of their 

relative distributions was extremely limited. Nevertheless, 

he concluded from the data available that A. aquaticus was 

of northern origin and was spreading southwards. Dudish (1925) 

presented some apparently contradictory evidence when he 

described A. arthrobranchialis from Italy. This species was 

considered by Dudich to be more -primitive than A. aguaticus. 

However A. arthrobrenchialis Dudich has subsequently been 

synonyrized with A. a4uaticus by Chappuis (1949), Arcangeli 

(1935) emphasized an origin of A. aquaticus in northern and 

central Europe, and, in opposition to Racovitza, was of the 

opinion that its presence in southern Europe was not due to 



3.21 

immigration southwards from more northerly regions; it was 

merely the remnants of populations which had been-forced 

south by the advancing ice during the Ice-age. After the 

retreat of the ice, A. aauaticus once more, according to 

Arcangeli, returned, to the north. Chappuis (1927; quoted 

by Birstein 1951) shared Racovitza's views and assumed that 

A. aauaticus vas of northern origin. 

Birstein (1951) suggested, on the basis of the disjunct 

distributions of Asellus s. s. in Asia, that A. aeuaticus 

originated in Siberia as a result of isolation during the 

Ice-Age. After the retreat of the ice A. aquaticus subsec, uently 

spread to north eastern Europe. The distributions of species 

of Asellus s. s, other than A. aguaticus support this theory 

in that all are recorded from regions v? hich it has been suggested 

remained free of ice during the Ice-age, or at least vere not 

completely frozen. Thus, it is thought by Soviet biogeographers 

'(Birstein 1951; compare also Thienemann 1950, and Begesträle 

1957) that during the ice-age the Ob' and Irtysh rivers, which 

contain A. latifrons Birstein, flowed along the periphery of 

the ice, and that the river Lena, which contains A. epiieralia 

Birstein, vas never frozen solid. Birstein adds that 

previous hypotheses on the origin of A. aruatictis were based 

upon too little knowledge of the Asiatic distribution of this 
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species and of the subgenus Asellus s. s. 

Birstein's hypothesis would certainly seem to fit best the 

known facts. His emphasis upon the Ice-age and geographical 

isolation as salient factors is especially significant, as 

these are the two factors which are known to have been of 

importance in the distribution and evolution of many animals. 

Thienemann (1950), for example, has recently demonstrated the 

importance of the Ice-age in the distribution of much of the 

European fresh-water fauna, and T. Mayr (1942) in particular has 

pointed out the importance of geographical isolation in 

speciation, and noted that in Asia isolation has given rise 

to many new forms. 

Birstein's conclusions concerning the post-glacial 

immigration to Europe of A. aguaticus are supported by the 

extreme paucity of subspecific variation of this species in 

Europe despite its aide area of distribution. Birstein regarded 

the immigration as having occurred quite early in post-glacial 

tines; the presence of A. eauatious in Britain seemed to him 

to indicate that A. aquatious had reached Britain before the 

connection between Britain and France had been broken. 

Chappuis (1949), likewise, regarded the presence of A. aquaticus 

in Britain as an indication of an early post-glacial immigration. 

ISoreover, Chappuis (1949) suggested that the presence of 
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A. ac_uaticus in Greenland and in Crete perhaps indicated an 

even earlier immigration. Contempory evidence however, does 

not support this latter suggestion: A. aquaticns is not 

present in Greenland (see p. 3.8. ), and Chappuis (1953) in 

a later paper suggests that the presence of A. aquaticus in 

Crete may be due to its introduction there by Man in historical 

time. 

No one appears to have considered that the rate of 

immigration of A. aauaticus may have undergone fluctuations. 

Although the absence of any resistant resting stages has meant 

that at all times the colonization of disjunct areas has been 

a slow process, it is nevertheless to be expected that 

immediately after the retreat of the ice, when large numbers 

of fresh-water lakes, pools, etc., were present as a result 

of the melting of the ice, the spread of A. aouaticus was 

perhaps more rapid than in later periods, when much of Europe 

was forested and formed of 'closed-communities'. The close 

proximity of the ice-sheet need not necessarily have meant 

that a temperate fresh-water fauna was absent. Indeed, the 

temperature of the rater formed from the melting ice-sheet 

may have been quite high (Segestr&le 1954). Charlesworth (1957) 

noted that aquatic animals and plants In particular may have 

rapidly colonized fresh areas soon after the retreat of the 

ice. He says (p. 1428): "Aquatic animals and plants as well 
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as mosses probably pioneered fairly quickly; waterlogged 

tracts, areas of defective drainage, and lakes and pools which 

abounded in the ice-free zone in hollows of the rocks and 

drifts (eshers, drumlins, moraines, till) were early restocked". 

The invasion of Scandanavia by Gammarus pulex (Segestrale 1954), 

the distribution of Pallasea and other glacial relicts in 

Europe (Segestrflle 1957), and the distribution of Mysis reliota 

Loven and Pontoporeia affinis Lindstr. in North America 

(Ricker 1959), have all been explained on the basis of an 
early post-glacial spread via the ice-lakes near the margin of 

the retreating ice sheet. 

A second period of rapid spread has perhaps taken place 

within historical time. Within this period the clearing of 

much of the forested area of Europe for agricultural purposes, 

the construction of canals and the artifical transfer of fish 

are all factors which may have accelerated the spread of 

A. equaticus. Moon (19574) also considers that the activities 

of Man may have increased the dispersal rate of Asellus. 

An incomplete post-glacial distribution for many immigrant 

groups of animals and plants has beehpostulated. Godwin (1956), 

for example, has noted the incomplete distribution of many 

post-glacial immigrant plants, and Thienemann (1950) has noted 
the same phenomenon for many aquatic animals. Our knowledge 
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of the distribution of A. 6güaticns suggests that this species 

also has not yet reached its maximum. possible distribution 

in Europe. Its absence or rarity in the more isolated parts 

of France (eg. Normandy and Brittany), the very disjunct nature. 

of its distribution in France (see fig. 3, p. its absence 

from the Isle of Man and most offshore British islands, and 

its scarcity in the western peninsulas of Britain, in most of 

northern Scotland and in Anglesey are all facts which suggest 

that the maximum possible distribution of A. aquatious in 

Europe has not yet been attained. 

As previously noted, 'Racovitza (1919) regarded the spread 

of A. aguaticus as taking place in a southerly direction. 

Birstein (1951) regarded the spread as taking place from north. - 

-eastern Europe. However, if it is assumed that A. aguaticus 

immigrated to Europe from Siberia via the water logged areas 

left behind by the retreating ice, it would then appear more 

reasonable to suppose that the post-glacial spread of A. aquaticts 

has been principally in a westward direction along a broad 

front. Furthermore, a similar direction of post-glacial 

advance has been indicated by SegestrB. le (1957', see especially 

his map fig. 37, p. 95) for many glacial 'relicts'. 
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The geography of the regions to which A. aguaticus spread 

would of course have altered the direction of advance to some 

extent. Thus, the entry of A. aguatious to Sweden and Norway 

may have occurred via two routes: a northerly one through 

Finland; and a southerly one across the Danish islands, which 

at various times during the post-glacial connected Jutland with 

southern Sweden (Segesträle 1954); The fresh-cater condition 

of the Baltic (as the Ancylus Lake) during the early post- 

-glacial (see Segestrgl. e 1957) may also have aided this disper- 

. -sel. In Britain the main direction of advance has probably 

been northwards. Chappuis (1959 pers. comm. ) regards the 

direction of advance of A. aquaticus in France as a westward 

one. He says: "In France we have in general A. aguaticus 

and A. meridianus; the first species advancing fron the 

east by the canals". 

Whereas the origin of A. aquaticus has usually been 

discussed without reference to the subgenus Asellus s. s., the 

origin of A. meridianus has always been discussed with close 

reference to the origins of the subgenus Proasellus. A study 

of the comparative mortbology of A. coxalis from Syria, 

A. coxalis p`e ierimhoffi Rac. from Algeria, and A. 
- -ben, 

and A. rneridianus from France led Racovitza (1919a), to suggest 
that the subgenus Proasellus had originated in Asia Minor, from 
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whence it spread along the southern shores of the Mediterranean 

and reached Europe via the Iberian peninsula. But the discovery 

of numerous species of Proasellus in southern Europe, the 

Balkans and the Aegean islands led Remy (1932), to reconsider 

Racovitza's views. Remy agreed with Racovitza on an origin 

in Asia minor for Proasellus but suggested that the subsequent 

migration to Europe occurred through regions bordering both 

the northern and southern shores of the Mediterranean. Arcangeli 

(1935) agreed with neither Racovitza (1919x) nor Remy (1932). 

He believed it unneccessary to postulate a migration of 

Proasellus species from Asia minor simply because A. coxalis 

was the most primitive species of Proasellus and was found 

there; the various species of Proasellus were thought by him 

as having arisen in situ. The problem was regarded by Braga 

(1946 p. 1) as*extremely complicated: "La repartition actuelle 

des especes d'Asellus sur le perim©tre de la Miýditerranee eat 

an fait biogeographique non explique encore d'une fagon 

satisfaisante. L'etroite Parente qui lie an grand nombre de 

formes que colonisent lea deux rivages mediterraneens, de 

l'Asie Hineure ä la Peninsule iberique, et, aussi, 1'aselle 

de Madere, souleve nombre de complications". Birstein (1951) 

concluded that the subgenus Proasellus was extremely ancient 

and native to the circum-mediterranean countries. He pointed 

out, furthermore, that before the Pliocene the easternL: part of 
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the Mediterranean was dry land and this fact could easily 

explain the disjunct distribution of many related forms in 

eastern Europe, the Aegean islands and Asia minor. 

There can be little doubt that the high endemism and 

multiplicity of species and subspecies of Proasellus are strong 

evidence in support of the view that the species and subspecies 

originated in situ, and that the subgenus is extremely ancient. 

Moreover this view is supported by the geological evidence. 

Thus, the island of Madeira, where occurs A. italicus perarmatus 

Remy, has been separate from the main Afro- : uropean land-mass 

since the ISiocene, and L. Ohrid, containing several endemic 

forms, has been isolated since the late Tertiary (Stankovic 

1955). Birstein's (1951) explanation of the disjunct distri- 

-bution of related forms in the eastern Iiediterranean likewise 

indicates the great age of the subgenus. 

Uany of the species and subspecies of Proasellus may have 

arisen during the Ice-age, for at that time the Mediterranean 

area and the Balkans were Europe's forested regions 

(Charlesvorth 1957), and thus provided favourable conditions 

for the production of the endemic species of freshwater animals. 

Whether Proasellus extended over a wider area preglacially 

than it does at present is uncertain. Birstein (1951) suggested 
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that it at least extended further north, and he quoted 

Arcangeli (1935) as supporting this suggestion. However, 

Birstein appears to have misquoted Arcangeli for Arcangeli 

did not indicate this; he emphasized in fact that any 

extension northwards of Proasellus took place after the Ice- 

-age', Stammer (1932) noted that in Germany A. cavaticus is 

found in areas which have no surface forms of Proasellus, 

and he concluded from this that Proasellus had had a wider 

distribution prior to the Ice-age; he regarded A. cavaticus 

as a relict species which had been able to survive at the 

edge of the ice sheet only by becoming cavernicolous. The 

presence of A. cavaticus in formerly glaciated parts of 

Switzerland is similar evidence in support of Stammer's views. 

A post-glacial northern advance of A. neridianus has been 

indicated by Racovitza (1919), Arcangeli (1935), Chappuis (1949) 

and Thienemann (1950), but this species is the only Proasellus 

species for which such an extension has been postulated. 

Theinemann (1950, p. 694) regarded this post-glacial advance as 

of very recent occurrence. 

Racovitza (1919) suggested that the distribution of 

Footnote 1. Birstein's paper vas translated for me by 1ir. Henry 
(Dept. of Russian, University of Liverpool), and Arcangeli's 
paper by S. Giovanni (University of Bari, southern Italy). 
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A. meridianus was directly related to that of A. aquaticus; 

he regarded A. meridianus as being driven ("refouler") south- 

-wards by A. acuaticus. Birstein (1951 p. 82) likewise 

suggested that there was, a correlation between the distribution 

of A. ieridianus and A. aguatious. But previous hypotheses 

concerning the northwards spread of A. meridianus and its 

distributional relationships with A. aöuaticus have been 

based upon few data and especially upon less detailed inform- 

-ation of the distributions of the two species in Britain and 

in western Europe than are now available. 

Examination of figures 3a and 3b, and 5,6 and 8 indicates 

that only in Britain has A. meridianus extended far to the 

north of the maximum southern limit of the ice sheet; else- 

-where in western Europe A. meridianus extends north of this 

limit only in northern Holland. This lack of a northward 

advance of A. meridianus on the continent is surprizing when 

is considered not only the present similarities in climate 

between western Europe and Britain, but also the distributions 

of species which are considered to have had a similar post- 

-glacial distributional history. Polycelis felina (Dalyell), 

rz. nd. _ 
Ehe., mole E'altria romuni (Bessel. ) 

, for example, are 

species which have extended north of the maximum southern 

limit of the ice sheet during the post-glacial, not only in 

Britain, but also on the continent; ' P.. felina is found 
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in Denmark (Dahin 1956,1958),. and F. romijni reaches the 

southern border of Denmark (Efford pers. comm.. ). The distri- 

bution of Dugesia gonocebhala Dugs is also of interest in 

this connection as although absent in Britain it has spread 

northwards post-glacially as far as Denmark (Dahin 1958). 

Furthermore, although the climate of western Europe is known 

to have differed from that of. central Europe during the 

Post-glacial in that it became warmer more rapidly, it has 

been similar to that of Britain throa9hout the Post-glacial 

(c. f. Thienemann's (1950 p. 627-628) "Theorie der schiefen 

Front"). 

It is suggested that the most reasonable-explantion of 

the distribution of A. meridienus is to be sought in the 

light of two facts: the severance during the early post- 

-glacial of Britain from France (c. 6,000 years ago; Trusheim 

1943, quoted by Hynes 1954); and the post-glacial arrival 

of A. aauaticus in north. western Europe. 

It may be presumed that as the ice retreated A. meridianus 

began at the same time to spread northwards. However, with 

the regression of the ice came the westward invasion of 

A. anuaticus, and this invasion was probably especially rapid 

in north western Europe near the edge of the ice-sheet (see 

p. 3.23). Whether A. 
_meridianus 

extended further north in 

vestern Europe prior to the arrival there of A. aquaticus is 
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not known, but it is suggested that the distribution of 

A. meridianus in this region has been and is limited by 

A. aauatious. By the time A. aguaticus had reached north 

western France the land connection between this region and 

Britain had been severed, and the spread of A. aauaticus 

to Britain was therefore hindered. In this case, suggestions 

that A. aguaticus reached Britain before the connectio# between 

Britain and France had been broken (Birstein 1951,;. Chappuis 

1949) must be regarded as probably incorrect. In Britain, 

in the absence of A. aauaticus, A. neridianus was able to 

extend far to the north, and this extension, as in the case 

of A. aquaticus on the continent, vas perhaps most rapid in 

the Pre-boreal period of "open-oomnumities" (see p. 3.23). 

It is not unlikely that during the Ice-age A. meridianus was 

able to survive in southern England (and possibly also in the 

extreme south of Ireland), for survival here has been 

postulated for other freah-vater species (e. g. Gwmmarus 

lacustris G. O. Sars; see Segestr9le 1954 p. 56), and this 

vould mean of course, that A. meridianus could begin to 

extend northwards as soon as conditions were suitable. 

Ilevertheless the absence of A. meridianus from ecologically 

suitable areas of northern Scotland and the Scottish islands 

does indicate that even the length of time which has elapsed 

since the regression of the ice to the present has been 
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insufficient to allow for the colonization of all possible 

areas by A. meridianus. A similar explantion has been 

postulated for the absence of certain other fresh-raater species 

from suitable habitats in northern Scotland (see, for example, 

Hunter in Slack 1957 p. 85). 

The time at which A. aauaticus reached Britain is 

uncertain, but the widespread distribution in Britain of 

A. meridianus, and in particular the presence of A. meridianus 

in Scotland, perhaps indicates that this time was considerably 

delayed. At all events the forested nature of Britain during 

the Boreal and later periods (Tansley 1951) wvould presumably 

have prevented any rapid spread of, A. aquaticus after the 

Pre-boreal; the most rapid advance of A. aauaticus in Britain 

may therefore have taken place within historical, times 

(see p. 3.24). The presence of A. aguaticus in almost all 

canals from which collections have been made would undoubtedly 

seem to support this suggestion. Moreover, the fact that 

A. meridianus has never been recorded from a canal (total 

number of records of A. aeuaticus from canals =15 ) is 

perhaps further evidence that its spread is limited by 

A. aguaticus. 

The presence of only A. meridianus in the vestern 

peninsulas of Britain, on the Isle of Man, and on all büt one 
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of the offshore islands of Britain from which Acellus 

has been recorded, as well as its predominance in Anglesey, 

would certainly seem to indicate that the spread of 

A. meridianus took place prior to that of A. aguaticus. On 

the other hand the apparently widespread distribution of 

A. aouaticus in Ireland is anomolous, for Ireland has been 

separated from the rest of the British Isles since the early 

post-glacial (Godwin 1956). The occurrence of A. aquaticus 

here may possibly be due to its accidental introduction by 

Ilan; it is, known, for instance, that extensive fish manage- 

-ment projects and similar activities are carried on in Eire 

(see for example, the secretary's reports of the "Inland 

Fisheries Trust Incorporated"), Noon (1957bp. 407) is certainly 

strongly in favour of the view that Man has greatly aided the 

distribution of A. aauaticus. However, if an artifical 

introduction of A. acuatieus to Ireland is accepted, the 

absence there of the analogous species Gammarus pulex must be 

explained. Hynes (pers. comm. ) suggests that the absence 

may possibly be the result of a more limited ability of 

G. nulex to withstand unfavourable conditions during transport. 

The presence of A. meridianas in Ireland presents no 

difficulties; it may either have survived the Ice age in 

the extreme south of Ireland, or spread over-land post- 

-glacially via the land-bridges, which are known to have 
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existed in Pre-Boreal times, and which connected Ireland to 

the Galloway peninsula and North Wales (Charlesworth 1957)o 

The occurrence of A. meridianus on the offshore islands of 

Britain also presents no difficulties of explanation, for 

many of these were joined to the mainland in the early post- 

-glacial (Beirne 1952). If, however, the contention of many 

geologists that the Isle of Man was never joined to Britain 

post-glacially is accepted, then an explanation of the presence 

here of A. ineridianus is more difficult. On the other hand, 

if the recent contention by Kitchell (1960) that one of the 

three post-Glacial land-bridges connecting Britain and Ireland 

incorporated the Isle of Ilan is accepted, then no difficulty 

is encountered. 

The above suggested explanation of the differences in 

distribution in Britain and western Europe of A. meridianus 

and A: sa_uaticus is necessarily highly speculative, and it is 

by no means looked upon as being conclusive. But, on the basis 

of the available zodgeographical data, it is thought to be not 

unreasonable. Indeed, the idea of successive post-glacial 

invasions has been used to explain the distributions of other 

closely allied species; the distributions of Gammarus pulex 

and G. duebeni (Hynes 1951-), of the blue, Irish and brown hares 

(Harrison - Matthews 1952), and of the various species of 
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Apodemus (see Beirne 1952) have all been explained in this 

, way* 

Logically inherent in this explanation of the distribution 

of A. aouaticus and A. meridianus is the idea that inter- 

-specific competition is occurring. ZoUgeographical data 

. can of course supply only indirect evidence of such a process; 

it remains to be seen, therefore, whether the explanation 

requires modification in the light of more direct evidence 

from other fields of investigation. 
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Figure 3a (rap Aj 

The Distribution of A. anuaticus in 

Denmark, western Germany, the Lou Countries, 

Switzerland and France. 

Figure 3b (I ap B) 

The Distribution of A. nieridianus 

outside Britain. 
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Fi;. 4 flap shocvin in diacgr, 4aiatic fashion the proportions 

of A. aguaticus and A. weridianus in northvestern 

France. 

Explanation of map: M=A. aÜtzaticus; M=A. meridianus 
The proportion of the areas sho. ln black or dotted in 
the circle in each Department indicates the ratio of 
the number of records of A. acuaticas to those of 
A. r: eridianus. Where only a sin,;: le record e. fists this 
is shown as a small circle with ri) at the side. Records 
from the adjacent Channel Isles have been included. 

Department 
Total 
no. of 
records 

The no. and date or 

A. rneridicnus 

source of the records 

% A. aguaticus 

Seine inferieure 4 2, Auöust-1959 2, August 1959 
sure 3 1, (ILaury, 1927) 2, (Maury, 1927) 
Calvados 18 2, August 1959 5, (Maury, 1927) 

11, (Maury, 1927) 
Manche 9 6; August'1959 0 

3, (Maury, 1927) 
Orne 5 5; (Maury, 1927) 0' 
Sarthe 19 18, (Maury; 1927) 1, (Maury, 1927) 
Mayenne 4 4, (Maury, 1927) 0 
Ille-et-Vilaine 1 . 0' 1 Au Gust 1959 
Cotes-du-: lord 4 3, Au; ust -1959 1 August 1959 
Finistere 8 8, (Hynes, 1959) 0 
Morbihan 2 2; August 1959 0 
Guernsey 1 1; October 1958 0 
Sark 1 1, (Moon, -pers. 0 

Table shoving the details of the records upon 

which the map Opposite is based. 
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Figure 5. 

The Distribution of A. anuaticus in 

Britain. 
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Figure -6. 

The Distribution of A. meridianns in 

Britain. 
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Figure 7. 

The Distribution of A. aauatieus and 

A. rzeridianus in Anglesey. 

Key to Map: 

A. acuaticus only 

-}- A. meridianus only 

. +. A. 
_ 

ac uaticus and A. meridianus 
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Figure 8. 

The Distribution of the subgenus 

Asellus sense stricto and of the 

subgenus Proasellus. 

Key to Map: 

ý--`-. -. - Maximum southern limit of the ice-sheet 
during the Ice - age. 

; : 0:. 
ý. ý% 

Asellus S. S. 

Proasellus 
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Fi-. 9 Histograms shooing the population structure 

of the samples collected from Buckle Lake, 

Flintshire, from the 24th October 1957 until 

the 2nd November 1959. 

Bey: 
The vertical scale (in mm. ) indicates the length of 
the animals, and the horizontal scale the number of 
animals in each size-group as a percentage of the 
total number in the sample (horizontal scale: 7mm. =l0 ). 
The horizontal dotted line in the lower part of each- 
histogram indicates the size below which separation of 
the sexes proved impracticable; above this line males 
are shovin on the left, and females on the right of the 
vertical dotted line. Completely black areas on the right 
of the vertical dotted line represent ovi; erous females; 
cross-hatched areas represent females with empty brood 
pouches. 
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Fib. 10 Histograms showing the population structure 

of the samples collected from Padeswood Lake, 

Flintshire, frotn the 24th October 1957 until 

the 2nd November 1959. 

Arranged as in fiö. 9 
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Fi ,. 11 Histo raps showino- the population strUoture 

of the samples collected from Lljn Llyvenan, 

An leset , from the loth October 1957 until 

the 21st September 1958. 

Arranged as in fig. 9 
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Fib. 12 Histogrems shoe lnc the population structure 

of the samples collected from Hatchmere, 

Cheshire, from the 10th June 1959 until the 

30th November 1959. 

Arranged as in fig. 9 
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Fi-. 13 The Population structure of all sarinles collected 

in Jane 

Arranged as in fig. 9 

le Buckley Lake, 25th June 1958 

2a L. L1yvrenan, 30th June 1958 

3a Buckley Lake , 30th June 1959 

Im Padesvood Lake, 25th June 1958 

2m L, L1yv enan, 30th June 1958 

3-- Padesmood Lake . 30th June 1959 

4n Pond nr. Bidston, 30th June 1959 4m Pond nr. Storeton, 30thdine 1959 

5a Hatchmere, 30th June 1959 5m Hatchiere, 30th June 1959 
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Fi,. 14a Histoiras chorýin7 the ronulction structure 

of tvo separate samples of A. meridians 

collected from Pcdeswood L, --I-e. Flintchire. 

on the 27th October 1958. 

Fib,, 14b Histof-, rams shoving thepopulation structure 

of four samples of A sellus obtained using the 

sieve-tethod; and the population structure of 

these samples when specimens hand-sorted from 

the debris on the wire-mesh have been included. 

In each separate compartment, the histos; r m drawn on 
the left represents the sample obtained using the 
sieve-method; and the $isto-ram drawn on the right 
represents the sample sahen specimens from the debris 
on the Urire-mesh have been added. 

la A. ac, uaticus from Buckley Lake, Flintshire, 
wa A. aauuticus from Hatchmere, Cheshire. 
In A. neridianus from Paaes: nood Lake, Flintshire. 
2m A. Peridianus from Hatchmere, Cheshire. 

Fig. 14a &b are arranged as in fig. 9 
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T LIFE CYCLE 

Interaction between closely allied species may be 

restricted to only one part of, or occur throughout, their 

life-cycles. For this reason, a detailed knowledge of the 

life-cycles of closely allied species is essential if a 

satisfactory evaluation of their ecological interaction is 

to be attempted; "the superiority of one species over another 

must be estimated in terms of the whole life-cycle" (Crombie 

1947, p. 48). 

A number of investigations of the life-cycles of marine, 

brackish-rater and fresh-cater crustaceans exist, and it is 

upon these that the present work on the life-cycle of 

A. aguaticus and of A. meridianus has been modelled. The 

investigations of HarLus (1930) on itancasellus macrourus Garman, 

Houes_ (1939) on Idotea viridis (Slabber), Hiatt (1948) on 

Pachygrapsus crassipes Randall, Clemens (1950) on Gamnarus 

fasciatns Say, Kinne (1952) on G. duebeni Lillj., Daum (1954) 

on Ceecosnhaeroma (Vireia) burgundum Dollfns, Naylor (1955) 

on Idotea enarginata (Fabricius), Hynes (1955) on several 

species of Gannaridae, and Jefferies (1958) on Palaemonetes 

varians (Leach) have been especially useful. 

The details of the sequence of events involved in 

reproduction in Asellus are well known, and have been described 
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for A. meridianus by Uncvin (1920), and for A. aguaticus by 

Emden (1922), liaercks (1930) and others. There would appear 

to be no fundamental difference between A. aquaticus and 

A. meridianus in these details. Briefly, the sequence of 

events is as follows: - 

Some time before the female is ready to oviposit she is 

seized by the male who, using his first and fourth peraeopods, 

places her, dorsal side uppermost, between his legs. The 

female is kept in this position by the male's fourth pair of 

peraeopods. This association of male and female is known as 

precopulation and it may last for less than a day to more 

than a week, depending on the temperature, the nearness of 

the female to oviposition, and other factors. Before oviposi- 

-tion the female must moult, and, as described on p. 2.14 - 

2.15, this takes place in two phases. During the first 

phase the posterior part of the old cuticle is cast revealing 

the open vaginae situated ventro-laterally on the fifth 

thoracic segment. Copulation may occur as soon as this phase 

has been completed, and is effected principally by the 

endopodites of the second pleopods of the male. In copulation 

the male extends either its left or right endopodite downwards 

and forwards into the gap between the-respectively left or 

right fourth and fifth female peraeopods, and introduces sperm 
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into the vagina of that side. As soon as the endopodite 

has discharged all its sperm, it is withdrawn, and the 

process repeated by the endopodite of the other side. The 

'Whole process may occur several times, but between each 

discharge there is a. pause whilst the sperm sacs of the 

endopodites are refilled by the penes. When copulation has 

completely finished, the male and female separate; and the 

female undergoes the second phase of her moult. In this phase 

the anterior part of the old cuticle is cast releasing the 

large oöstegites which form a brood pouch beneath the anterior 

part of the thorax. The otistegites arise from the bases of 

the. first four pairs of peraeopods, but very rarely, as in 

one specimen of A. aauaticus from Buckley Lake, Flintshire, 

collected on the 11th March 1960, only the first three pairs 

of peraeopods may possess oöstegites. Fertilization is 

internal. The eggs are released into the brood-pouch shortly 

after the second phase of the female moult has been completed, 

and are incubated for a varying period of time. Females which 

are incubatingg eggs are said to be ovigerous. The eggs 

develop within the brood-pouch into juveniles which are 

released when they are approximately lmm. long. After the 

Footnote 1. Ialdal s (1951) statement that the male and female 
remain together-"even when the embryos are well advanced in 
development" (p. 1128) is incorrect. 
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release of the juveniles the-female undergoes a further 

moult whereby she loses her brood-pouch, her oästegites 

being reduced once more to small club-shaped lamellae. The 

moult preceding oviposition has been termed the "Parturial- 

hUutung" by Emden (1922); the moult following the release 

of the juveniles 
, 
has been termed the Y'ZtvischenhIlutung" by 

Haemmerli-Boveri (1926). In the breeding season these moults 

are normally consecutive, whilst in the non-breeding season 

successive moults occur without the production of a brood pouch. 

In contrast to our detailed knowledge of the sequence of 

events involved in the reproduction of A. aquatious and 

A. meridianus, our knowledge of their life-cycles in the field 

is more restricted. As far as I am aware the only information 

available upon the life-cycle of A. meridianus is limited to 

the papers of Unwin (1920) and Dunn (1952). These authors 

largely confined themselves to a few notes upon the times at 

which ovigerous females could be found and were most abundant. 

Rather more information upon the life-cycle of A. aquaticus 

exists, for, apart from those papers in which the reproduction 

of A. a4uaticas is the principal theme (e. g. 'Kaulberz (1913), 

Emden (1922) 
, Janke (1926) 

, 11aeroks (1930), a large number 

of isolated facts exist, in other papers (e. g. Vandel (1926), 

Berg (1938), Berg (1948), Needham (1949), Balesdent - 2: Tarquet 

(1955), Berner (1956), Weerekoon (1956)). In addition, 
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Birstein (1951) has quoted some so far unpublished data 

obtained by IS. V. Zheltenova. But, although it is possible, 

by combining information from all these sources, to gain a 

fairly complete general picture of the life-cycle of 

A. aouaticus, the details of this picture are by no means 

clear. It vas to clarify this picture, and to provide a 

similar picture for A. meridianus, that the follovving research 

was undertaken. 

Both field and laboratory investigations were made 

during the study of the life-cycle of A. aguaticus and of 

A. meridianus. The field investigations consisted of the 

collection of regular samples from a number of localities, 

and the subsequent -analysis of these samples; the laboratory 

investigations consisted of a breeding programme undertaken 

on the roof of the laboratory, and some brief investigations 

of the length of time of incubation at various temperatures. 
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(a). Field Investications' 

1. irethods. 

Regular samples of Asellus euere collected from four 

localities, of which one contained only A. aquaticus (Buckley 

Lake, Flintshire), one only A. meridianus (Padeswood Lake, 

Flintshire), and two both A. aauaticus and A. meridianus 

(Llyn Llyvenan, Anglesey; Hatchmere, Cheshire). These 

localities are described below. 

Buckley Lake. 

Buckley Lake, ll. R. 109/279650, is situated amongst semi- 

-rural environs about 22 miles east of Mold in Flintshire, 

North Wales. Surrounded by rough; pasture and a few houses, 

it is approximately 100 yds. long and 25 yds. wide, and has 

been formed from a quarry. There are no apparent inflowing 

or outflowing streams. Fish-stocking takes place periodically, 

and the fishing-rights are possessed by a local angling club. 

The banks are mostly steep but give rise to a shallow shore 

terrace which is not very wide and ends abruptly. The 

substratum consists'mainly of gravel and muddy silt, although 

some domestic refuse is also present. There is scarcely any 

emergent vegetation apart from a few isolated clumps of 

Juncus inflexus L.,, but, near the margins of the lake, 
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submerged vegetation is abundant. This consists mainly 

of Potamogeton crispus L., and 11yriophyllum elterniflorum DO. 

During the summer months there is a dense mat of the alga 

Rhizoclonium sp. on the surface at the edges of the lake. 

The fauna is abundant, and, apart from A. aauatieus, includes 

oligochaetes, Haemopis sanguisu: a (La, Planorbis albus Twill., 

Limnaea perec er (111111. ) 
, GaMmarus lacustris 'G. O. Sars, 

? G. p ulex M), Hydracarina, Caenis sp., Chloeon sp., 

Isohnura elegan3 (van der Linden), Cori. -. a dorsalis Leach, 

0. falleni (Fieb. ). C. fossarum (Leach), Stalls lutaria (L. ), 

Limnophilidae, Polycentropidae, Phryganeidae, Chironominae, 

Tabanidae, Tipulidae, Haliplus sp., Hydroporus sp., Il bý ius sp., 

and Gasterosteus aculeatus L. 

The results of an analysis of a vater sample collected 

on the 25th March 1960 are indicated in the table on p. 1-20 . 

The analysis quas carried out by Mr. J. Heron of the Freshwater 

Biological Association. 

The regular samples of A. , aauatious vere collected 

from a small area at the northeastern end of the lake. 

Pcdeowood Lake. 

Padesvaood Lake, T. I. R. 109/278620, io situated amongst 

agricultural envi'ro'ns about 3 miles south-east of I. Iold in 
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Flintshire, North Wales. Surrounded by low-lying grazing 

land, it- is appromimately oval in shape, and is about 300 yds. 

long and 200 yds. wide. There is a single large outfiowing 

stream and numerous small inflowinE, streams. The lake is 

almost completely surrounded by a wide belt of reedswamp, but 

open water reaches a well-defined bank at the southern tip. 

At the water's ocl; e this bank is gently sloping and gives rise 

to a similar chore terrace. The substratum here consists 

mostly of mud and finely divided vegetable debris. At the 

southern end of the lake some sort of organic pollution is 

occurring from one of the inflowin. - streams. The most obvious 

effect that this pollution has so far had has been a reduction 

in the numbers of A. meridianus in this region; in July 1958, 

for example, one dip of a pond-net produced hundreds of 

specimens, whereas in July 1960 a similar dip produced only a 

feca specimens. At present the pollution appears to be restricted 

to the southern end of the Lake. The reedszv n consists 

almost entirely of Typha latifolis L. and Carex ripcria Curt., 

but also present on the landvard side of the reedswamp are 

C. otrubce Podp., Phalaris arundinaoea L. Filliendula ulrmuria 

(L. ) I1o.: im., Mentha unuatio L., and Myoootis sp. There is 

no floating vegetation and very little submerged maorophytio 

vegetation apart from some sparse Callitriohe. Algae present 

near the source of pollution include Spirogyra 6p., and 
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Hormidium sp., and Tribonema sp. During the past two years 

there has been a gradual decrease in the abundance and diversity 

of the fauna at the southern end of the lake, but still 

present elsewhere are Polycelis sp., Stylaria lacustris(L. ) 

and other oligoehaetes, Glossosiphonia complanata (L. ) 

Planorbis albus, Physa fontinalis (L. ). Hydrobia jenkinsi, 

Ostracoda, Cyclone sp., Gamraarus puler, Hydracarina, Argyronete 

aQuatica Cl., Caenis sp., Chloeon sp., Nemurella picteti 

Hlapalek, Ischnura elepans, Nepa cinerea L., Corima praeusta 

(Fieb. ), C. fall©ni, Sialis lutaria, Limnophilidae, 

Polycentropidae, Sericostoiaatidae, Chironominae, Anopheles 

ap., Helodidae, Laocophilus spa, Np hula spi, and 

Gastetrosteus aculeatus. 

The results of an analysis of a water sample collected 

on the 25th March 1960 are indicated in the table on pA20. 

As before, the anelysic vas carried out by dir. J. Heron of 

the Freshwater Biological Association. 

The regular samples of A. rzeridianus were collected from 

a fairly aide area at the southern end of the lake. 

Llyn Llzwenan 

Llyn Llywenan, I. T. R. 106/348816, is a large shallow lake 

situated amonfat agricultural environs about 3 miles north-east 
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of Valley, Anglesey. It is surronded by rough pasture and 

grazing land, and there is a single large outfiowing stream and 

several smaller inflowing streams. Although in size it is 

approximately - mile long and 4 mile wide, in depth it does not 

exceed about 6 feet. Reedscvamp occurs around most of the lake, 

but the shore-line is exposed at several points at the northern 

end. Phalaris arundinacea is the dominant reedswamp species 

but also present here are Typha latifolia and Iris sp. On the 

landward side of the reedswamp there is a rich marsh flora in 

which the more common species are I. Ienganthes trifoliata L., 

Alisma 
-plant a o-aruatica L., htentha equatica, Junous articulatus 

L., Myosotis sp., Galium palustre L., Veronica beceabunga L., 

V. scutellata L., Glyeeria fluitans (L. ), and Sch sp. 

Floating vegetation occurs in sheltered parts of the lake and 

includes Lemna minor L., L. trisulca L., and Ranunculus sp. 

Submerged vegetation includes Fontinalis sp., Potamopeton 

obtusifolius ISert. & Zoch, Littorella uniflora (L. ), Elodea 

oanedensis Iliche., 21. riophyllum sp., and Callitriche stagnalis 

Seop. Hynes has already published a short description of this 

lake (Hynes 1955). He noted that the fauna is rich and abundant, 

and, apart from A. acauaticus and A. meridianus, includes Polycelis 

op., Stylaria lacustris and other oligochaetes, Glossosiphonia 

op., Ernobdella sp., Piseicola geometra (L. ), Daphnia sp., 

Gammarus lacustris, Hydracarina, Argyroneta aguatica, Caenic sp., 
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Ischnura elegans, Plea leachi MoGreg. & Kirk., Corira spp., 

Phry, zanea sp., Traienodes sp., Leptoceridae, Polycentropidae, 

Limnius tube roulatus fltiller, Deronectes depressus Fabr., 

Haliplus sp., Sphaeriuracorneum L., Physa fontinalis, Planorbia 

spp., Lirsnaea spp., Gasterosteus aculeatus, Pygosteus p ungitius 

(L. ), Anguilla vuiRaris L., and Saimo trutta L. Theromvzon 

tossulatum (LIill. ), Eurycerous lamellatus (U911. ), Coenagrion 

SP., Valvata pisoinalis (M tli. ) 
, and Notonecta glauca° L. have 

also been noted, 

The results of an analysis of a water sample collected on 

the 31st Ttarch 1959 are indicated on the table on p. 4iO . 

These results are similar to those obtained by Hynes in 1955 

(Hynes 1955), and by Reynoldson in 1951 and 1952 (Reynoldson 

1956). For comparative purposes Hynes' and Reynoldson's 

results (converted to m. e quiv/L) are also indicated in the table. 

The methods used for the analysis of the 1959 water sample are 

described in chapter Vi. 

The regular samples of Asellus were collected at the 

northern tip of the lake, where the substratum is mainly small 

stones and gravel. 
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Hatchmere. 

Hatehmere, H. R. 109/553722, is a large, lake situated about 

4 miles south-east of Frodsham, Cheshire. It is surrounded by 

pasture and low wooded hills, and near one corner there is a 

small caravan site and a few houses. It is approximately 400 

yds. long and 300 yds. wide, and there is a single outflowing 

stream and a few smaller infloc; ing streams. At one end of the 

lake there is an extensive carr, and a wide reedswamp extends 

almost completely around the shoreline. At one point there is 

a well-defined bank which leads to a shallow and rather exposed 

shore terrace of sand. Elsewhere, the substratum consists mainly 

of a thick layer of vegetable debris overlying silt and mud. 

Phra5ýmites commonis Trin. and Typha latifolia are the dominant 

species of the reedswamp, but also present on the landward side 

are Glyceria sp., Junous effuses L., J. articulatus L., 

Sparganium sp., Carex aeutiformis E hrh., Iris pseudecorus L., 

Poly?; onum amnhibium L., Apium nodiflorum (L. ) Lag., Galium 

palustre, Potentilla nalustris (L. ) Scop., Filipendula ulmaria, 

Ranunculus lingua L., R. lutarius (Revel), Mentha aauatica 

and Viola palustris L. Salix sp., 22yrica pale L., Alnus 

glutinosa (L. ), Quercus robur L., Sorbus aucuparia L., Rebus op. 

and Betula sp. are the main species within the Carr. At the 

edges in the more sheltered parts of the lake there is a little 

floating vegetation compoased of IIuphar lutea (L. ) Sm, 
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and Lemna triouloa, bit there is no Bompletely submerged 

vegetation. Apart from A. annaticus and A. meridianus the 

fauna includes Polycelis sp., oligochaetes, Erpobdella sp., 

Glossosiphonia complanata, Bithynia tentaculata (L. ), Plenorbis 

carinatus Iffill., Sphaerium sp., Ostracoda, Gammarus lacustris, 

G. nulex, Hydracarina, Argyroneta aeuatica, Leptophlebia sp., 

Nena cinerea, Corixa falleni, 0. punctata (Illig. ), C. moesta 

(Fieb. ), Sialis lutaria, Limnophilidae, Polycentropidae, 

I, Iolanna sp., Chironominae, Tanypodinae, Tipulidae, Gyrinus sp., 

Noterus sp., and Cgprinus sp. During the summer months there 

is a dense plankton. 

The results of the analyses of cater samples collected 

during October 1954 and 1955 have been published by Gorham 

(Gorham 195') ", These results are indicated in the table on p420. 

The regular samples of Asellus were collected from 

amongst the phregmitetum bordering thecarr at the northen end 

of the lake, 

The camplee. from Buckley and Padeowood Lakee were collected 

at monthly intervals over a two year period extending from 

October 1957 until November 1959. The samples from Llyn 

LlyYwenan were collected at approximately bimonthly intervals 
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over a period extending from October 1957 to September' 1958, 

and those from Hatchmere at approximately biweekly intervals 

over a period extending from the 10th June until the 30th 

November 1959. The samples collected from Buckley and Padeswood 

Lakes before July 1958, and all the samples from Llyn Llytiwenan, 

were obtained by Dr. H. B. N. Hynes. Those collected from 

Buckley and Padeowood Lakes on the 7th September 1959, and from 

Hatchmere on the 7th and 16th September 1959, were obtained by 

Miss J. Venn. 

Two further samples of Asellus were collected as part of 

the field investigation of the life-cycles: one of A. aquatieus 

from a small pond, Li. R. 100/273903, near Bidstoný , Cheshire; and 

one of A. meridiahus from a small pond, M. R. 100/302843, near 

Storeton, Cheshire. They were collected on the 30th June 1959. 

Each sample of A sellus Ives collected by vigorously working 

a stramin hand-net to and fro amongst the vegetable debris, 

stones, etc. compricing the substratum at each locality. The 

contents of the net were transferred at intervals to a large 

jar containing a little water, Collection was continued until 

it was judged that about 200 specimens of each species had 

been obtained. To determine if each sample collected in this 

manner was a truly random sample of the population, two samples 

of A. meridianus were collected from Padeswood Lake on the 
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27th October 1959, These samples were analysed sepcrately 

but in an identical manner. The analysis took a similar form 

as that to which the regular samples were subjected, as 

described in detail on Briefly, the specimens were 

divided into 1 mm. (length) size groups, and each size group 

above 3.5 mm. then divided into males, females with small 

ZrooiClaMeilad, ovigerous females, and females with empty 

brood pouches. The results are indicated in table 1, 

appendix B, p. IO, 6 , and are shown in diagrammatic form in fig. li-a, 

p. 4.6 . It can be seen from this figure that there is no marked 

difference in the population structure of the two samples, and 

this would seem to indicate, therefore, that samples collected 

in the described manner are indeed random. 

In the samples collected from Buckley and Padeswood Lakes 

before July 1958, and in all the Llyn Llywenan samples, the 

specimens of Asellus were separated from the vegetable debris, 

mud, etc. also present in the jar, by hand-sorting. However, 

this method of separation was extremely tedious and slow, and 

in all other samples specimens of Asellus were obtained by 

another, more rapid, method. This method made use of the fact 

that specimens of Acollus, when disturbed, become restless and 

move about. Briefly, the technique was to place small amounts 

of debris containing the Asellus on to a wire frame of 4 in. mesh 
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which was suspended just below the surface of water contained 

in a large, flat dish. The Asellus, thus disturbed, almost 

immediately became restless, and moved from out of the debris 

on to the wire mesh through which they then passed into the 

water below. Not all the debris was retained, of course, but 

separation of the Asellus from the finer material which passed 

throuh the wire mesh was easily achieved by using a very fine 

sieve, and from the less fine material by hand-sorting. 

In terms of the percentage of specimens removed from a 

sample, the efficiency of the method (henceforth referred to as 

the sieve-method) was high for both species: in a sample from 

Buckley Lake, 207 out of 218 specimens of A. acjuatieus were 

obtained (=95 ä efficient); in a sample from Padescwood Lake, 

374 out of 494 specimens of A. meridienus were obtained (= 765 

efficient); and in a sample from Hatchmere, 173 out of 183 

specimens of A. aauaticus (Q55 efficient), and 56 out of 69 

specimens of A. meridianus (-"81ýo efficient) were obtained. 

It appeared that the efficiency mainly depended upon the type 

of debris in the sample. 

There vas no apparent difference in the population structure 

of samples obtained using the sieve-method, and those obtained 

by hand-sorting. This is indicated by fig. I4b p. 4.4 whioh compares 

the population structure of four samples obtained using the 
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sieve-method, with the population structure of these samples 

when specimens hand-sorted from the debris remaining on the 

wire mesh were added to them. Two of the samples were of 

A. aquaticus from Buckley Lake and Hatchmere; two of the samples 

were of A. meridianus from Padesrvood Lake and Hatchmere. The 

analysis took a similar form as that to which the regular-samples 

were subjected, and the detailed results are presented in tables 

2-5, appendix 69 pp. 10 . 7- 1o. 1o. 

All specimens of Asellus were killed by immersion in 70j 

alcohol, and samples were also preserved in this until analysed. 

In the analysis of a sample, each specimen was measured and 

placed in a size group, and then, where possible, each size group 

divided into males, females with small brood lamellae, ovigerous 

females, and females with empty brood pouches. In samples which 

contained both species of Acellus, specific separation was 

carried out after measurement, during the sub-division of the 

size groups, and was based upon the morphology of the sexual 

pleopods. 

In conformity with most other workers on the Crusticea, 

overall length was chosen as the index of size. Needham (1949) 

used abdomen width as an index of size in Asellus, but also 

showed (Needham, 1937) that there is an almost direct relation- 

-ship between abdomen width and overall length in Asellus. 
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The length was regarded as the distance from the anterior border 

of the head to the posterior border of the abdomen. In orectice, 

individual s:: ecirnens shorter than 9.5 rm. were not actuxilly 

measured, but each was rn tched against a row of e1 at specimens 

whose 1en;; ths viere 1.5,2.5,3.5,4.5,5.5,6.5,7.5 and 8.5 vin. 

Specimens longer than 9.5 mm, were directly measured against a 

scale. Using these methods it was possible to rapidly divide 

a sample into 1 mm. size groups, and to avoid, to some extent, 

Needham's (1937) difficulty in measuring dead, bent specimens. 

To check that there was no personal bias towards )articular 

size groups, a single sample was twice divided into size groups; 

once by myself, and once by another person, Mr. A. L. Rice. The 

numbers of soecimens cihich were 2laced in each size group during 

the to divisions are shown in the table below; 

SIZ - GROUP mm. 

1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 

Author 37 19 20 39 25 18 14 73 

A. L. Rice 27 19 20 43 21 21 13 81 

These figures were subjected to a Chi-sayuered test which 

revealed that there was no significant difference between the 

two sets of figures. 
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The division of size groups into males, females with 

small brood lame llaegrdovigerous females with empty broodlvuches 

was carried out by examining the ventral surface of specimens 

beneath a binocular microscope. Sexual differentiation was 

based on the morphology of the sexual pleopods. Although it 

many cases it proved possible to distinguish between males 

and females of A. acuaticus which were 3.5 mm. or less in 

length, and between males and females of A. meridianus which 

were 2.5 mm. or less in length, it was found practicable to 

limit sexual differentiation to size groups above 3.5 mm, in 

A. 
_aauaticus, 

and to those above 2.5 mm, in A. meridianus. 

The sexual condition of females was easily discernible when the 

anterior, ventral part of the thorax was examined. Specific 

separation of specimens smaller than 2.5 or 3.5 mm. in samples 

containing both A. acýuaticus and A. meridianus was achieved 

by examining the pattern of pigmentation of3 the dorsal surface 

of the head (but see page 2.16) 



4.27. 

2. The Life - Cycle of A. p?. 1cas ad OfL A" 

;, 1qi e ted by l ie Field 

T,, e .et., 
i led e ', , -lts of the sne1yses of the red zl. r a:. ý? les 

of A. end of A. eiiciiacrus ; ire ol:: ; exited in tLriles 

1,2,3, and 4. A1)., jeodix C, 10.11-10.44, a. nd are in 

diaý; ra:. _ tic fvrrn as hip, 3to;; xams in fi,; s. 9,10,11, ý; nd 12, 

oa es4.1-4.4. 

The breeding season --. lay be reýý--rded 4s that )ea: iod during; 

which ovi, ýerous fer:: --les or ferules vvith eLu, ty brood l. ouclies occur. 

Fig. 9 shows that the c-reeding season of A. e_m ticus Lt Buckley 

be-an in 1958 during February, -nd the )ie collected in early 

March 1959 indic- tes thwt breeding at Buckley ý1co ýa n iiurin 

February in 1959. Breeding continued at Buckley in 1957 and 

1959 until October, and in 1958 until Sei te: nber. The ! iia imam 

e= tent of the breeding season of A. acu:., ticu$ at Buckley may, 

therefore, be regarded as having been from February until October. 

Fig. 10 u ow s that the breeding; season of A. r, ýeridianus at 

Pudesnood beý..: n in 1958 during January, and in 1959 probably 

during Febru=ry. Breeding; continued at Padesvvood in 1957 a til 

Noveimber, in 1958 until December, and in 1959 until October. 

Thus, at one time or another, breeding females of A. meridia=n 

Vere collected from Padesv: ood in all months of the year. The 

main period of breeding, however, may be regarded as hv-ving 

been between February end October. 
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Since it is known that 

incubation of each brood is 

expected that both produced 

breeding seasons. The wide 

in all samples from Buckley 

were no well-defined terapor 

for both species the time of 

short (see p: (6i), it is to be 

several broods during their extensive 

range of size-groups that occurred 

and Padesvood indicates that there 

al divisions between these broods. 

It can be seen from an examination of the histograms (figs. 

I andio ) that the breeding of A. aguaticus and of A. meridianus 

was not of equal intensity throughout their bredding season; 

apart from the gradual increase and decrease in the number of 

breeding females at the beginning and end of the breeding season, 

two maxima in the breeding intensity occtirred. These maxima are 

indicated more clearly by fig. /SAP. lý. 67, which shows (a) the 

number of breeding females as a percentage of the total number 

of females above 3,5 mm (in the case of A. aa, uatious) or 2.5 mm 

(in the case of A. neridianus) present each month, and (b) the 

number of breeding females as a percentage of the total populat- 

-ion present each month. In the compilation of these percentages, 

the data for the same months each year have been pooled. It can 

be seen that for both species the first and greater maximum 

occurred in spring, the actual maximum being in April, and the 

second and lesser m=imum during the late summer, and early autumn. 

The second maximum occurred later and was more progounced at 
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Padesvvood than at Buckley. 

The variation in the intensity of breeding was reflected, 

to some extent, by the variation in the number of juveniles. 

Individuals were regarded as juveniles if they were less than 

4,5 mm. in the case of A. aguatious, or less than 3.5 mm. in 

the case of A. meridianus. The variation is illustrated by4,9. l6., 

. P4.: 70 , in which the number of juveniles of both species present 

each month has been plotted as a percentage of the total popu- 

-lation. In the compilation of the percentages, the data for 

the same months each year have been pooled. The figure shows 

that, as expected, large numbers of juveniles occurred from 

about 3 months after the commencement of the breeding season 

until about one month after the end of the breeding season. The 

rapid rise in the percentage of juveniles of both species in 

early spring can clearly be correlated with the spring maxima 

in the intensity of breeding, but the small rise in the percent- 

-age of juveniles of A. aguaticus in the early spring would 

appear not to have been directly correlated with any variation 

in breeding intensity. A complete explanation of this latter 

increase cannot at present be given, but it is of interest to 

note that Jefferies (1958) observed a similar phenomenon in 

Palaemonetes varians, and suggested that it was due to the re- 

-appearance of juveniles which had spent the winter months in 

deeper water out of reach of the collecting net. The gradual 
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decrecce in the Yercentag of juveniles of A. aauaticas during 

Larch and April may be satisfactorily explained as due to their 

grorth to a length greater than 3.5 =. 

It is evident fron an examination of the histograms (figs. 

and 10 ) that in both A. o uetieus and A. meridienus the 

spring aasicum in the intensity of breeding was due to the breed- 

-ing of overwintered females. The samples collected on the 27th 

February 1958 sugyeet that in A. e uaticus the first of these 

females to become ovigerous were confined to the larger size-gron- 

-ps, 'whereas in A. r: eridianns the first of these females to become 

ovigerous occurred over a aide range of size. Towards the end 

of spring the larger =ales and females decreased in frequency at 

both Buckley and Pcdeswood, and this decrease was presumably due 

to the death of these individuals, The decrease is shown more 

clearly at Buckley by the samples collected in March, April and 

11cy 1959, then by those collected in the spring of 1958, and 

more clearly at Padecwood by the samples collected in April, May 

and June 1958. than by those collected in the spring of 1959. 

It is not clear from the histograms exactly when the smaller 

o'rernintered Wales and females at both localities died, but it 

Seems probable that their death n as at some time in the early 

summer, It this wes so then in A. aoaati_eus there would appear 
to have been a progressive relationship between the time at which 
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breedinü began and the time of death. Thus, the lar�est over- 

-sintered fe=^les beoeme oviderous first and died first, and 

the ccai. leet overvintcred females became ovigerous last and 

died last. The hiuto rams do not reveal any r rked difference 

in either snecieo bet: ieen the sexes in the time of death. 

The death of the overvintered adults of both species tovards 

the and of spring and in the early se er is also indicated by 

the narked fall in the average size of the sexes at this time of 

year. This is shown in fig. I7,4,, 7t. In the co=pilation of this 

figure the data for the same months each year have been pooled, 

and it her been aseu=ed that the sex ratio of specimens smeller 

than 4.5 i. (in the case of A. aouaticus) or 3.5 mm. (in the 

case of A. ±-eridienas) is epproxinetely 1: 1. 

The : uveniles released by the oversintered females first 

appeared in lnru-e num5ers at Buckley during June in 1958 and 

darin: Lay in 1959, and at Padesnood during hay in both 1958 

and 1959. In both species, therefore, incubation during the 

arrlnE; ronths aculd appeer to have lasted for a relatively long 

period of tire. wince this fact is eupnorted by further 

evidence (see p; 4.41) , it would seem that those females of 

ý" ctnetionn and of A. reridienus possessing empty brood pouches 

at the beginning of the breeding season had lost their eggs by 

oo. a Cease other then the release of juveniles. 
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The cub^e. cent ; SroP-th of the juveniles produced by the 

overlntared fe=clec can be fo11o<<ed more clearly at Buckley in 

the saý. plen collected darin- 1959 than in those collected during 

1958, end more clearly at Pedeswood in the samples collected duri- 

-ng 1959. It can be seen (fib. 9 )that by June in 1959 most of 

the 1uvenileu of A. ecuaticus liberated the previous month had 

t: ror, n several =, in length, and that a sexual difference in 

size had already become apparent. Furthermore, it can be seen 

that many of the females of A. aauaticus liberated the previous 

month were ovi; eroae, end it would, therefore, appear that the 

time taken to reach maturity by these females was about one 

month. The smallest ovi;; eroas female collected from Buckley at 

this time was just over 4.0 mm. A similar sequence of events 

Would :; eem to have taken place at Padeswood. Here, however, 

although it can be seen (fie. lo ) that by June in 1958 many of 

the juveniles of A. meridienus liberated the previous month had 

Conn 2-3 mm., subrtentiel numbers of ovi33erous females did not 

occur until Juli en3 Auust; it would appear that the time taken 

to reach maturity by these females was between two end three 

months. The smallest ovi erous female collected at Padeswood in 

the Buzzer of 1958 nies just over 4.0 mm., and in the summer of 

1959 3.5 mm. 

At both 3aokley and Pcdesv ood, the breeding of the indivi- 

-duals produced in late spring accounted fur the second 
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aaaimum in the intensity of breedin;;. The histogrcns do not 

reveal whether- any of the individ "0 s produced during this 

second ma--im= were, themselves, able to breed. 

The histograms indicate that the individuals produced by 

overraintered females eventually oonprized the large size-groups 

in the winter samples of both A. aguatieus and A. reridienus. 

Thus, winter samples of both species would seem to have consisted 

entirely of individuals which had been produced in the preceding 

breeding season. Of the females in the winter samples, some had 

bred from mid-summer until autumn, others had bred only in 

autumn, and others had not bred at all. Since it has already 

been indicated that all the females in the winter samples bred 

after overwintering and then died, it is evident that individuals 

of A. acuaticus and A. meridianus took part in either one or two 

breedinp- seasons; individuals produced in the early part of the 

breeding season took part in two seasons; individuals produced 

in the late part of the breeding season took part in only one 

season. In contrast to the short time taken to reach maturity 

by the former individuals, the time taken to reach maturity by 

the latter individuals was probably of the order of six months. 

To $^ arize briefly, the life-cycle of A. aquatious and of 

A. meridienus as indicted by the regular samples from Buckley 

and Padesvzood Lakes would thus appear to be as follows: 



4.34 

The length of life of u? I individuals is approximately one 

year. The breedinr' Beason e =tends from February until October, 

and darin; this ceriod many broods are produced between which 

there are no sharp temporal divisions. Two maxima in the inten- 

-sity of breeding occur. The first of these maxima occurs in 

spring and results from the breeding of overwintered individuals. 

Shortly after the c ring maxim.; =oat of the overwintered 

individuals die. The second maximum in the intensity of breeding 

results from the breeding of individuals produced during the 

first maximum. During the summer months A. aeuatieus takes about 

one month to mature, and A. meridianus between two and three 

months. The smallest ovigerous females of A. aquaticus at this 

time are just over 4.0 =, in length, and the smallest ovigerous 

females of A. weridienus about 3.5 mm. in length. ilany adults 

and juveniles overwinter. The largest overwintering individuals 

are produced in the early part of the preceding breeding season 

and breed before overwintering; the smallest overwintering 

individuals are produced in the late part of the preceding breed., 

-ing season and do not breed before overwintering. There is a 

complete range of intermediates between the largest and smallest 

of these overwintering individuals. All the overwintered 

individuals breed in spring and then die. Individuals may thus 

take part in either one or two breeding seasons. 
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It is evident from the above summary that the regular 

sa=ples from B: chley and Padeevood indicate the essential 

similarity between the life-cycle of A. ncnatieus and A. rerid- 

-inners. They indicate also, however, a few points of difference. 

Thus, it could appear that A. meridienus differs from A. aquat- 

-icun in having a rather more extensive breeding season, and a 

later and more pronounced second ttaxiWu: n in the intensity of 

breeding. Furthermore, the juveniles of A. meridienus show 

no indication of an increase in early spring, as do those of 

A. arncticus, and the individuals produced by the overvintered 

females of A. reridienus take rather longer to mature than do 

those of A. caueticczs. It seems reasonable to suppose that the 

longer time taken by juveniles of A. meridienus to mature during 

the surer is correlated with the later and more pronounced 

autumnal breeding maximum of this speeie, ai 

The regular s,.. -ples from Llyn Llyenan and Hatchmere were 

collected in order to check cihether the life-cycle of A. aguat- 

and of A. =eridienus in localities where A. aouaticus and 

A. reridicntis co-exist vies similar to that in localities where 

only A. ncuaticus or only A. reridianus exists, as indicated 

by the se.:, ples from Buckley and Padeswood. 

The detailed results of the analyses of the regular samples 
==O= Ll7n Llywenan and from Hatch=ere are presented in Append- 
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-ix C, tablae 3 and 4, ps-es 10.32-10.44; and are shown in 

dia, ra ..:. atic for= in Pius. 11 end 12, hares 4.3 and 4.4. 

T: e saz: les from Llyn L1ywenan shore (fig. Ili P. 4.3) that 

the breeding season of both A. a1ucticus and A. meridianus at 

Llyn Llyr+ena. n extended in 1958 at least from February until 

September. The sample collected on the 10th October 1957 shows 

that in 1957 A. eouatious had ceased to breed by October, 

whereas A. reridianus was still breeding in that month. Only 

a single maximum in the intensity of breeding of A. e quatiegs 

is indicated, but there is an indication of two maxima in the 

breeding intensity of A. meridienus. Very large numbers of 

juveniles of both species occurred in only the June and 

September surples, although many juveniles of A. rieridienus were 

present in the October and December samples, and many juveniles 

of A. eauaticas in the December sample. The presence of many 

juveniles of A. enueticus in the December sample is in contrast 

to their absence from the December samples from Buckley, and 

may have been related, in some way, to the very shallow nature 

of Llyn Llgeenan. The histograms show that the large number of 

females of both species breeding in the spring had overwintered. 

The majority of these females probably died about May, for most 

were absent from the June sample. It is to be presumed that the 

many small individuals of A. aguaticus and of A. meridienus 
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comi; rizin, 3 the Jane s zr! e were produced by these over, cintered 

fer. eles. S, We s=cll individuals of both ei ecies were breeding 

in Jwne, and both suyecies, therefore, must have token less than 

tio month' to r tore. The cmallest ovigeroas female of A. aauat- 

-ieus in the J=e sample ras lust over 4.0 mm., and the smallest 

ovi ercus female of A. meridianus Lias just over 3.0 mm. 

It can thus be seen that, although the details of the 

life-cycles are less clear, the life-cycle of A. aq_aaticus cnd 

of A. reridianus at Llyn Lly: 7enan appears to have been similar 

to that at Buckley and Pudecaood. The only major difference 

Was the smaller o1--e, and perhaps shorter time, at which 

A. rreridianu , natured in the suer at Llyn Llytiveuan. 

Since c m: 1es here collected from Hrtohnere daring only 

the latter half of 1959, the fall life-cycle of A. anuaticus and 

of A. r: eridiacuus at H; tohiere cannot, of course, be deterc-lned 

frcm these. Nevertheless, the essential similarity of these 

ser,, leo (fig. /Z, p. 4- 4) to samples collected durinj the same 

period in 1958 and 1959 from Buckley and Padeenood su;, ý,; ests that 

the life-cpole of A. acf naticus at Hatchmere did not differ 

fundamentally from that at Buckley, and that the life-cycle of 

A. c: eridienuc at Hatch--ere did not differ fundamentally from 

that at Pcdecrood; as at Llyn Llywenan, the only major different 

at Hatch-mere appears to have been the smaller size at 'Which 
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A. =eridicnuc =atrred in the cr. er. Furthermore, in contrast 

to the eem-ýles fro= Llyn Llynenan, the saiples fron Hatch-=ere 

clearly rhorr the differenCe3 be tureen A. enuaticus and A. merid- 

-: ii in the e:. tent and ti.. o of the second nrximu in the 

intensit' of breedin,;. These differences ere indicated by 

fig. IT, p. 4.72. It can be seen from the figare that the second 

-aal. = in the intensity of breeding of A. meridicnus at 

Hatchmere rsa more pronounced and continued rather longer than 

that of A. cr aticuc. 

It is e, idect from the fore goin;. remarks concernin the 

Cam? 1es from Ilyn Lly ºenan and H: tch=ere that there a? reer to 

be no fundr. -ental differences in the life-cycle of A. acuaticus 

and of A. ýneridicnus in localities c+here A. sanaticus and 

A. Mfridien .s co-exist, or There only A. enueticas or only 

A. meridian us occurs. The only --aTor difference indicated by 

the 5=Iles could seem to have been that A. reridianus natured 

in the ca er at Llyn Lly enan cnd Xateli33r0 at e length shorter 

than at Padeancod. This difference, horsever, was apparently 

the rect: lt of co. ̂ c ccuce other than the presence of A. acuatictts 

for a se, -. jýle collected on the 30th June 1959 from a pond near 

Ztoreton (Cheshire), w : ere only A. meridianus occurs, contained 

2*! rbe nuwbers of ovi, -, eraus females of length 3.5 cra. ' By 

reference to other Jae sa=ples, it is to be pres? =.:. ed that the 
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c=rU : o: ; Seo hcý1 ; robebl' been produced by overvrintered females, 

j: 
-e detcle or the cnc. 1; cts of the ec^., 1e from Otoreton Pare 

Ire 'cnted in tcblo S, %;; endis C, h. lo. 4S, end ere shorn 

dic c.: =tic j in fiý. I3, f. y-. S (1, ý.... ý" 

A+t: ouch the coZ: --Lricon of the sm ales. from Buckley, Llyn 

Ll enen and tetimere indicates that there as no fondsmental 

difference in the life-cycle of A. ncuaticus and A. rieridianus 

at these three localitica, the comparison indicates also that 

the exact ticin;; of the life-cycles varied from place to place 

and from year to year. This variation is perhaps indicated 

=oat clearly by the differences between the June samples. For 

convenience, the histogram3 of all the June scmples have been 

collected into one fib ore (tip. 13 ), and this figure shows also 

the strüct=re of to additional June samples collected from 

Bidzton Ci.. c. ^eticns) and Stcreton CA. meridinnus). It can be 

seen from fi;. 13 that at Buckley in Jane 1958 many of the 

1LrZ; e overwintared individuals of A. aý, usticus were still present 

and that there were, in addition, many smn. 1l non-breeding 

individcrla. On the other hand, at Buckley in June 1959, and at 

Llyn Llywen; n in June 1958, none or fen overvintered individuals 

Would e? peer to have been , recent, and many of the individnnls 

r/rodL ced by the overwintered females had be-nn to breed. 

yi^ýlerl; 
. the minor difference of structure bet'veen all three 
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1959 3wne c=e=, )jeo of I, c. ra? xnticus r: ou. lä seem to have resulted 

from ^3i ht , terc . ior 3 io the timin3 of the life-cycle at the 

three localities. F+1,;. 13 illu=>tr-tes the sib ler differences 

that occurred in the ti=ioa of the life-Cycle of A. reridicnus. 

It Or -n peen that at Pede--good in June 1959 there eiere fev over. 

-zintered indi7lduel. n of A. *aridicnus pro ent, but 1ar0ge nunbers 

or e=11 individuals oS : :. ich none had reached ü: turity. On the 

other hand, of Lan Llywenen in J=e 1958, although there were 

cCain fea ove=intered individuals present, many of the small 

in1i'vidiul. s present had cntured. At rüdeswood in June 1959 

rather =ore overwintered indivlduels would appees to have 

Currived until Jrze then in 195S, yet at H tohiere in 1959 no 

overnintered individuals survived until June. Ler2e nutbers of 

r. gture indivtdns. 1s crodneed by overvintered fer-ales occurred in 

Jr---e 1959 on1; at : toreton. 

Previous work on the life-cycle of A. conaticus indicetes 

that its life-cycle, as indicated by the field investi3ations of 

the -recent receeroh, is not the sable throughout Europe. The 

life-c7cle, in fact, cee=c to exhibit a geographical variation, 

and this seriction is apparently correlated with the cliclate. 

Th:. c, in the severe ebnete of Loscow, the breeding season lasts 

for only five --onthc, fro= April until Aasuist (Zheltenova; quoted 

by Pirctein, 19511. In less severe clinates the breeding season 

ie a little more extensive; a breedinv season lasting fron 
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April until September ban been observed at I nisberg 

( Zalingrad) b, Leich=an (1591; quoted by IZaercl: s, 1930), at 

Loch Lotend by ieerekoon (1956), and at icrsaw by Rosenstadt 

1930). Laercks (1930) noted that the (1588; quoted by Laerckc, 

breeding ceafson at Berlin usually extends from March or April 

until September, and in Denmark Berg, (1948) noted that ovigerous 

feacles are present in sDring, summer and autumn. In the 

temperate climate of Lorrcine, ovigerous females v ere found by 

Balecdent-Harquet (1955) in all months except November, and 

iaulberz (1913) found nreconu) ting pairs in all months in the 

vicinity of Munich. In Oentrel and southern France the greatest 

intensity of breeding, sees to occur in the r inter months; 

Berner (16.956) observed that the breeding season at Linogne usually 

lasts from autumn until s'rin;, and Vandel (1926) observed that 

breedin( In the vicinity of Toulouse is greatest during December 

and January. However, breeding could appear not to be completely 

absent during the en--er and autumn in southern France, for I 

pas able to find an ovi gerons female at Toulouse on the 30th 

August 1959. 

It vould thus eeem that in northern Europe the breeding 

season of A. aoüaticns is short, and is limited to the springy, and 

F- er. In core tecperate regions th breeding season lengthens, 

beginning earlier and ending later. Finally, in the most 

tecrerate part of the European range of A. aguaticus, although 
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there orld c ti? 1 c, 2ecr to to an_, rI=u:: in the intensity of 

breecin 
, breed1na occurs in almost all months. The breeding 

seeocn of A. nc'uc. ticus indicated by the present field investi- 

-Cations oconpiec an intermediate position in this scheme; 

the winter is ccffieientl; severe to inhibit breeding, but the 

inhibition testa during only November, December and January. 

The most detailed of the previous observations on the 

life-cycle of A. equations in the field are contained in the 

papers of Ewen (1922), i : ercks (1930) and Zheltenova (Birstein, 

1951). Less deteiled previous observations are contained in 

the papers of Berg (1948) and Needham (1949), and, in addition, 

various relevent feats exist in a number of other papers 
(eg. Jae (1926) B lesdent-Lsrcuet (1955), ieerekoon (1956)). 

lost of the^e previcue observations are comparable with those 

of the present research in tbst they were made in regions where 

arriri; and suer form the main breeding season, and winter the 

non-breeding season of A. crusticus. In general, the observat- 

-ions ere in broad agreeWent with my own field investigations. 

Eden (1922), working at Leipzig, noted the "seasonal 

dimorphism" in the average size of mature males and females; 

he observed that the average si. -e is much greater in spring 

then in $u=er and autumn. E=den eW. phasized that this 

Phenomenon is not due to the breeding of tc. o separate genera- 
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-tions, as had been proposed for Idothea tricusnidata by 

Gadzikiewicz (1907); quoted by Emden, (1922)) 
, but is due to the 

fact the "die geschlechtsreifen Sommer-und Herbsttiere im 

selben Jahre geboren worden sind, einiger Bruten zur Welt 

bringen, und im Frtlhjahr des ngchsten Jahres einer letzten 

Brunstperiode absterben" (p. 97). Janke (1926) disagreed with 

Emden's views; he thought that individuals are not able to 

reproduce in the year of their birth. 

Maercks (1930) 
, working at Berlin, also noted the 

"seasonal dimorphism" in the average size of adult males and fe- 

-males, and completely agreed with Emden (1922) in the explan- 

-ation of it. Miaercks, too, emphasized that it vas not due to 

the breeding of two separate generations. However, as additional 

proof, he stated that if one accepts that the "seasonal 

dimorphism" is due to the breeding of two separate generations, 

then: "auch mUBte man dann wohl einen zweiten Hohepunkt der 

Geschlechtst5. tigkeit im Spt. tsommer and Herbst annehmen, 

tatsachlich 19Bt sich aber nur ein H3hepunkt feststellen, der 

von Frühjahr his Friihsommer andavert". The logic of this 

statement cannot be accepted; although the present research 

shows that there is, in fact, a second'maximan this by no means 

implies that the "seasonal dimorphism" in size is due to the 

breeding of two separate generations. The smallest ovigerous 

females seen by I1aercks were 4.5 mm. in length, and the smallest 
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mating males 7.0 mm. in length. The length of life was regarded 

by Maerake as being about one year. 

Zheltenova made her observations in the vicinity of Moscow, 

and her. results are quoted by Birstein (1951 p. 41). She noted 

that at the beginning of the breeding season only the larger 

males and females reproduce, and that these then die and are 

replaced by smaller breeding males and females. She observed 

that the average size of the larger males and females is, 

respectively, 10.4 mm. and 8.8 mm., and that the average size 

of the smaller males and females is, respectively, 4.7 mmo and 

4.3 mm. According to her, only females which are fertilized 

before June will produce offspring which will breed in the year 

of their birth. The length of life was regarded by Zheltenova 

as probably not exceeding two years. 

-Berg (1948) paid particular attention to the annual variat- 

-ion in the average size of A. aa. uaticus in the R. Susaa (Denmark), 

and noted that it was greatest during winter and spring, and 

least during summer and autumn. He explained this variation 

as due to an annual life-cycle: "the large individuals in the 

spring are the generation (or generations) of the pear before 

which have overwintered. They die off in the late spring and 

are succeeded by the generation or generations of the present 

year, which have a small size in the summer but grow larger in 
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the autunn and vinterr. (p. 77). Berg noted also that the 

greatest -percentage of ovigerous females occurred during spring 

and summer. 

Needham (1949) regarded the length of life as just over one 

year. He noted that the two year groups overlapped in early 

summer, at which time they were approximately separable into 

"seniors" and "Juniors". 

Previous observations on the life-cycle of A. meridianus, 

as already indicated, are, as far as I am aware, confined to the 

works of Unwin (1920) and Dann (1952). Their brief observations 

are compatible with those of the present research. 

Host of Unwin's (1920)1 observations were concerned with 

the actual sequence of events involved in reproduction and not 

with the life-cycle as such. He noted that the earliest date 

on 'Which he had found an ovigerous female was the 24th January, 

and that in a mild autumn ovigerous females could be found hs 

late as the end of November. He noted also that precopulating 

pairs tigere commonest in spring. 

Dunn (1952) found precopulating pairs and ovigerous females 

of A. meridianus between ]February and November, and observed that 
"breeding appeared to be speeded up during the summer months". 
(P. 28). She observed also that the average size was greater in 
-Footnote 1. Unwin 1920 made his observations on "A. aeuaticus" before this species was accurately redesoribed by Bacovitza 1919) Nee pjZ. 3). It is clear from Unwints drawings that he was, in fact, dealing with A. meridienus. 
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the non-breeding season than in the breeding season; in 

December and January the average size was 6.0 .; in June 

and July the average size was 4.0 i. 
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(b) Laboratory Investi, ations. 

The field investigations, although indicating the general 

pattern of the life-cycleo(A. acuaticus and of A. meridianus, 

do not reveal the details of the life-cycles. They do not, for 

instance, accurately reveal the number of broods produced by 

each female, nor the seasonal variation in the time taken to 

incubate eggs or reach maturity. Such detailed information, 

however, is essential for a complete comparison of the life- 

-cycles and in the calculation of biotic potentials. It was to 

provide this and similar information that the laboratory invest- 

-igations were undertaken. 

1. Breeding programme. 

Briefly, the aim of the laboratory breeding programme was 

to keep under continued observation individuals released at 

varying periods throughout the breeding season, and to note the 

changes in the sexual condition of these individuals up to the 

time of their death. Much more attention was paid to females 

than to males, and particular attention was paid to the number 

of broods produced by each female. 

Throughout the breeding programme individuals vere cultured 

in a variety of small jars and dishes kept in the shade on the 

roof of the laboratory; in this position it was hoped that they 
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Would be subjected to an approximately similar temperature 

regime as occurred in the field. The animals were fed on elm 

leaves which had been soaked in water for three to four days 

before their addition to the breeding dishes. The leaves were 

collected in the autumn of 1957 and had been naturally shed. 

Elm leaves had originally been chosen as the food material since 

both Hynes (1954,1955) and Sexton (1928) had found them 

eminently suitable for feeding Gammarus. In the present invest- 

-igations also elm leaves proved a satisfactory diet for both 

A. aauaticus and A. meridianus (but see p. 6.6 ), All the 

individuals were reared in Liverpool tap-water. The results of 

an analysis of a sample of this 'v ater collected on the 25th 

Mexch 1960 are shown in the table below; 

Total salts Ca Mg I la K HCO3 Cl S04 1103-ýT, a/e quiv . 
/L. 

2.120 1.030 0.625 0,447 0.031 0.920 0.472 0.572 0.156 

All the results are expressed as m/equiv. /L. The analycie vas 

carried out by Mr. J. Heron of the Fresh-cater Biological. 

Association. The chemical composition of Liverpool tap-water, 

however, 'would not appear to be constant; in March 1959 an 

ewaj: ysis of the calcium and magnesium contents gave, respectively, 
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0.335 and 0.03 Wfequiv. /L. The frequency at uftich the breeding 

dishes vere observed varied according to the season; in the 

warmer months the dishes were observed at weekly intervals or 

less; in the colder months the dishes were observed at inter- 

-vals of tvo or three v2eeks. At each observation notes were 

made of (a) the survival of individuals, (b) the presence or 

absence of precopulating pairs, (c) the presence or absence of 

recently released juveniles, (d) the setual condition of the 

females, i. e. whether they were non--ovigerous, ovigerous or 

possessed empty brood pouches, and (e) the temperature. Recently 

released juveniles were always removed from their parents and 

placed in separate breeding dishes. If, during the early part 

of the breeding programme, the male specimen of a pair of breeding 

individuals died it was replaced, but later, when it became 

apparent that the presence or absence of a male had no affect 

upon the sexual condition of a female (see also Haem. erli 

.. Boveri, 1926), dead males were pot always replaced. At 

intervals of about a month the approximate length of all 

individuals vas measured by comparing them against 1 mn, squared 

graph paper. When necessary, the water in the breeding dishes 

vJas changed and fresh elm leaves were added. 

The breeding prograrre began in early March 1959 with the 

collection from the field of 7 pairs of large precopulating 
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males and females of A. aouaticus, and of 8 pairs of large 

precopulating males and females of A. meridianus. As far as 

possible, these pairs, the broods produced by them, and the 

offspring- of the broods produced by them were kept under 

continued observation. In addition, in late February 1960 

30 females of A. ar_uaticus and 25 females of A. meridianus were 

collected from the field and isolated. The size of those 

females ranged from 9.5 to 3.5 mm. in the case of A. aouaticus, 

and from 6.5 to 2.5 mm. in the case of A. meridienus. Many 

of these females were ovigerous but to each of those that were 

not was added a slightly larger males of the same species. These 

females or pairs were likewise kept under continued observation. 

In all, and for varying periods of time, over 150 breeding dishes 

were kept under observation. 

Despite the care paid ensuring that the initial conditions 

within each breeding dish were similar, there was a great deal 

of variation in the growth-rates andlife-cycles of individuals 

of both species throughout the breeding progr^. mme. This varia- 

-tion was confined not only to a variation between individuals 

contained in different breeding dishes; it occurred also between 

individuals contained in the same dish. It is difficult at the 

moment to give a complete explanation of this variation, but 

it is of interest to note that Hynes (pers, comm. ) observed a 
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similar phenonemon in breeding experiments vvith CranGonyx Spe 

At all events, although it is known that differences in the 

diet of Garriarus can produce a similar variation (OtBrien and 

Yarnold 1937), gross differences in the diet of the Asellus 

would seers not to have been the cause of the variation. 

The results of the breeding programme can be summarized 

as follows: 

Breeding females of A. aauaticus occurred from February 

until September, and breeding females of A. meridianus from 

February until October. In both species the first females to 

become ovigerous at the commencement of the breeding season 

were confined to the larger size-groups, and the last females 

to become ovigerous occurred in the smallest size-groups. The 

breeding programme revealed, therefore, a progressive relation- 

-ship in both species between the time at which breeding began 

and the size of the breeding female. The larger overwintered 

females of A. acuatieus (8.5-9.5 mm.. ) and of A. meridianus 

(5.5-6.5 mm. ) produced 1.3 broods before their death. Incubation 

of the first brood of these females began in both species in 

late February or early March, and the juveniles were released 

hbout the end of April or beginning of May. Where a second brood 

was borne, incubation of this began in both species about the 

middle of May and iuUm rvAttta continued for about one month until 



4.52 

the middle of June. Where yet a third brood was borne, incubation 

of this began in both species about the middle of July and 

AMAUU 6t9 continued for about three weeks until the end of July. 

No large overwintered females of each species were recorded as 

having produced more than three broods after overwintering, 

although one such fenales73 of A. aauaticus survived until December, 

and two such females of A. meridianus survived until October. 

There was a clear indication that large overwintered males of both 

species died before the large overwintered females. As already 

indicated, smaller overwintered females of the two species 

commenced breeding at a somewhat later time than the larger over- 

-wintered females. None of these smaller females, also, was 

recorded as having produced more than three broods after over- 

-wintering, although many survived for the whole of the breeding 

season. The medium-sized overwintered females of- A. aquaticus 

(c. 7.5 mm. ) and of A. meridianus (c. 4.5 mm. ) first became 

ovigerous about the middle of March., In these females the 

incubation times of the first and successive broods and the 

intervals between broods corresponded in general to those of the 

larger overwintered females, but differed by a delay in timing 

of about two weeks. Similarly, the smallest overwintered females 

of A. aguaticus (c. 3.5 to 6.5 mm. ) and of A. meridianus (c. 2.5 

to 3.5 mm. ) first became ovigerous about the end of March and then 

exhibited the same sequence of events as the largest overvvintered 
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females, although differing from these by a delay in timing of 

about one month. Most of the medium-sized and smallest over- 

-wintered females of both species died at various times during 

the breeding season, but many survived until November, and a 

few survived even longer. As in the larger size-groups, there 

was an indication that the males died before the females. 

Because of the vide range in the size of overivintered 

females of both species and the consequent differences in the 

timing of broods produced by these females, there was a contin- 

-ual liberation of juveniles by them from about the end of April 

until the late summer. The time taken to reach maturity by 

these juveniles varied according to the time at vvhioh they were 

released. The shortest time taken to reach maturity by females 

of either species released about the end of April was approxi- 

-mately 1z months. It vould seem that males of either species 

released about the end of April also took approximately lz 

months to mature, for these males were responsible for the 

successful fertilization of the matured females. Females of 

both species released after the end of April usually took a 

little longer to mature, but all those released before mid-June 

reached maturity the same breeding season, whereas females of 

the two species released after mid-June did not breed until the 

following breeding season. In both species the average time 
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taken to reach maturity by females which matured in the year of 

their birth was 2.3 months, and the average size at which matur- 

-ity was attained by these females was 4.8 mm. (A. aquaticus) 

and 4.4 mm. (A. meridianus). In general, it would appear that 

in both species the average size at which maturity was attained 

by males which matured in the year of their birth was 5.5-6.0 mm. 

(A. eauaticus) and 5.0-5.5 mm. (A. meridianus). The average 

size at which maturity was attained by females which overwintered 

before reaching maturity was 5.7 mm. in both species, and the 

average time taken to reach maturity by these females was 9.6 

months (A* aruaticus) and 8.1 months (A. meridianus), The 

females of A. aauaticus and A. meridianus which had been produced 

by overwintered females, and which had matured the same breeding 

season, first began to release juveniles in early July. The 

release of juveniles by these females continued until the end 

of the breeding season. It is thus evident that during the 

breeding programme juveniles of both 'species were liberated 

throughout the breeding season; from the end of April until 

the late summer juveniles were released by overwintered females; 

from the beginning of July until the end of the breeding season 

juveniles were released by females which had matured in their 

year of birth. All the females released from females which had 

matured in their year of birth overwintered before breeding. 
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The number of broods produced by each females of A. aauaticus 

and of A. meridianus depended upon the time at which the female 

had been released; females released at the beginning of the 

breeding season produced the maximum number of broods, and females, 

released at the end of the breeding season apparently produced 

the minimum. Thus, females of A. aguaticus released between the 

end of April and mid-Mci produced 3 broods before overwintering; 

those released between mid-May and mid-June produced 1 or 2 

broods before overwintering; and those released after mid-June 

produced no broods before overwintering. As has already been 

indicated (p. +. 51,52), all overwintered females of A. aguaticus 

were capable of producing a maximum of 3 broods in the spring 

before their death, and it is evident, therefore, that during 

the breeding programme females of this species produced either 

3,4,5 or 6 broods during their life. A similar pattern of 

events was shown by females of A. meridianus. Females of 

A. meridianus released between the end of April and mid-ISay 

produced a maximum of 4 broods before overwintering; those 

released between mid-May and mid-June produced 1,2 or 3 broods 

before overwintering; and those-released after mid-June produced 

no broods before overwintering. Since it has already been 

indicated that in A. meridianus also all overwintered females 

were capable of producing a maximum of 3 broods in the spring 

before their death (p, 4.51,52), it is evident that during the 
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breeding programme females of A. meridianus produced either 

3,4,5,6 or 7 broods during their life. 

The breeding programme did not reveal any difference between 

A. aauaticus and A. meridianus in the time for which females 

incubated their eggs. The breeding programme did reveal, however, 

that in both species there was a seasonal difference in this 

length of time; during spring incubation lasted for about 6 

weeks, but later, as the temperature rose, the time shortened, 

and from June until the end of the breeding season incubation 

lasted for between 22 and 3 weeks. 

Apart fron the variation in the length of time of incubation, 

the breeding programme revealed also a variation in the time - 

-interval between broods. The shortest interval between broods 

in A. aauaticus was 8 days, and in A. meridianus 4 days. Both 

of these intervals occurred between the first and second broods 

of females which had matured in their year of birth. The 

interval between the later summer and autumn broods of these 

females was rather longer, and in both species intervals of up 

to 3 weeks were recorded. However, for both species the average 

interval at this time would appear to have been about l2 2 weeks. 

After overwintering there was a great deal of variation between 

individuals, but during spring the shortest interval recorded 

for both species was 2 weeks. The interval between broods in 
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overvintered females vas investigated also at laboratory 

temperatures (18-210C) during June 1959. In this investigation 

only large overvintered females were used. Briefly, it was 

found that in 14 females of A. aauaticus the interval between 

broods varied from 8 to 32 days, the average being 17.7 days, 

and in 8 females of A. meridianus the interval between broods 

varied from 14 to 29 days, the average being 18.6 days. Thus, 

in contrast to the limited amount of variation shown by the two 

species in length of incubation at an approximately constant 

temperature (see p. (ß. 63), the time-interval between broods in the 

two species in a limited temperature regime appears to show much 

more variation. This would seem to indicate, as indeed one would 

expect, that apart from temperature other factors are of import- 

-ance in the determination of the length of this interval. 

Because of the inconstancy of the observations during the 

breeding programme it is not possible to provide detailed inform- 

-ation upon the length of time of precopulation in A. ajtuaticns 

and A. meridianus. However, in both species precopalation during 

the spring lasted for a much longer time than later in the year; 

many pairs of both species during spring precopulated for more 

than one week, and precopulation at this time would seem to have 

been always longer than one day, whilst on the other hand many 

pairs of both species during the summer and autumn precopulated 

for less than a day, and precopalation at this time was never 
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longer than one tiweek.. During the breeding programme several 

pairs of both species exibited only intermittent precopulation. 

Although no previous relevant laboratory investigations on 

A. rneridianus have been made, a few such investigations of 

A. acuaticus exist. 

The most extensive of these investigations would appear to 

be those of Zheltenova (Birstein, 1951) (it is to be presumed 

that her investigations were carried out under laboratory 

conditions, although this, in fact, is not stated). Her perti- 

nent observations may be summarized briefly as follows: 

A period of only 5-6 days epparates broods. During the summer, 

the maximum number of broods produced by a female is 2, but the 

total number of broods produced by a female during her life is 

4-5. Only those females fertilized before mid-June will reproduce 

in their year of birth. At first the females parallel the males 

in the frequency of moulting, but later the intervals become 

longer in the female. 13-15 moults occur before maturity, and 

at this time the females are 3.4-4.0 mm. in length. On average, 

females are mature after 50-55 days. 1oalting in the male is 

not closely associated with the sexual cycle as in the female, 

and generally occurs at intervals of 13-20 days. Growth and 

moulting in both sexes cease in the winter. 

Less extensive relevant laboratory investigations on 
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A. acuaticus have been made by Wege (1911; quoted by Unwin, 

v 
1920), Kaulberz (1913), Haemmerli-Boveri(1926), Mlaercks (1930). 

Needham (1949) and Balesdent-Marquet (1956). 

lege (op. cit. ) recorded from 8-30 days between moults. 

gaulberz (1913) also recorded the interval between moults and 

observed that age, sexual condition, temperature and feeding were 

the main factors affecting this interval. He recorded an average 

of 24 days between moults under poor food conditions. Haemmerli- 

-Boveri (1926) ryas concerned with the interval between moults 

only in breeding females. At laboratory temperatures (18-2200) 

she noted that the interval between Zcaischenhadtung and Parturial. - 

-haiitung varied between 5 and 10 days, although she noted that 

sometimes this interval was longer. Maercks (1930) reared the 

progeny of 6 females at room temperatures (19-2000). He found 

that sexual maturity vas attained after 3 months at an average 

size of 6 mm. (females) and 7 mm. (males). The individuals lived 

for approximately one year. liaeroks reared a number of individ- 

-uals at 5-100C also. He found that at this temperature females 

did not mature until the 13th month. Needham (1949) noted the 

mean eclosion time at various abdomen widths in both sexes of 

A. anuaticus at room temperature. According to Tleedham (1949) 

the eclosion time is the interval between the time at which 

an amputation occurs and the time at which the part amputated 
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first appears following an ecdysis. Since the first appearance 

of the amputated part occurs after the next ecdysis if the 

amputation occurred before the middle of a stadium, but after 

the next but one ecdysis if the amputation occurred after the 

middle of a stadium, it is evident that "the mean eclosion time 

is virtually equal to the duration of one stadium, though its 

variance is much greater " (Needham 1949, p. 50). In an earlier 

paper (1937) Needham had noted the relationship between abdomen 

, width and body length in males and females, and it is possible, 

therefore, by rearranging and combining his data to provide 

information on the average intermoult interval at various body 

lengths of males and females. Thus, at a mean body length of 

3.0 mm. the average intermoult interval in males and females 

was 10 days, at 4.0 mm. was 10 days, at 5.0 min. was 11 days, at 
6.0 mm,, vas 15 days and at 7.0 mm. and above was approximately 

20 days. Needham's data do not reveal any significant difference 

between males and females in the average intermoult interval. 

Balesdent-Ziarquet (1955) noted simply that the length of the 

intermoult interval is inconstant except for the Parturial- 

-hatitung - Zwischenhailtung interval, and that the intermoult 

interval decreased with increase of temperature. 

It can be seen from the above summary of the previous 

relevant investigations on A. -aguaticus that there would appear 
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to be several points of difference between these and the 

results obtained from the breeding programme of the present 

research. However, it is possible to provide reasonable 

explanations for these differences. Thus, the difference between 

the shortest interbrood interval (5 days) recorded by Zheltenova 

(Birstein, 1951) and Haemmerli-Boveri (1926), and the shortest 

interbrood interval (8 days) recorded during the breeding 

programme may be explained as due to a difference in the 

definition of the interbrood interval; Haemmerli-Boveri and 

presumably Zheltenova regarded the interbrood interval as the 

interval between Zvwischenhaiitung and Parturialhatitung, whereas 

during the breeding programme the interbrood interval was 

regarded as the interval between the release of the juveniles 

and the P arturiclhafltung. The smaller number of broods recorded 

by Zheltenova may perhaps be explained as due to the climatic 

differences between Moscow and England (but see p. 4.40). If 

these explanations are accepted, it would seem that the results 

of the previous investigations and the results obtained from 

the breeding programme are in general in agreement with each 

other. 

2. The length of time taken to incubate ep, 7s. 

Laboratory investigations viere rude of the relationship in 

A. aguaticus and in A. meridiünus betvaeen the tenth of time 

taken to incubate eggs and the temperature. These investigations 
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were undertaken in order to determine more clearly the 

seasonal v--rietion in the 1en-th of time of incubation. 

Freshly ovit-, erous Feme es of both species were obtained 

by observing precoouleting males and females at daily intervals, 

and by removing the females as soon as they became ovigerous. 

nach female V us obtained was isolated in a pGt. ri-dish 

containing a little water and an elm leaf, and the Petri-dish 

was then. _-laced in the appropriate temperature regime. 

Observations were continued at daily intervals until the female 

had released all the juveniles in her brood pouch. The date 

by-which all the juveniles had been released wa6_ noted. At 

high temperatt_r, these two dates were usually contemporaneous, 

but atlow temperatures there was a tendency for juveniles to 

be released over a terioü lasting fron less than a day to 

several days. In the present investi ation, incubation was 

regarded as having finished vhen the first of the juveniles 

were released. Constant temperature apparatus vas not 

available, and the results, therefore, are to be regarded as 

only arprozimcte. The detailed results are shown in appendix 

)but a sumary of the results is presented in the 

follöv: ing table: 
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Mean The aver--; e length of time . (in days) taken to 
temperature incubate eggs, and, in brackets, the dumber of 

00 spec-mews upon whic h this average is based. 

A. avuaticus A. rneridianus 

23.5 12.5 (6) 13.0 (2) 

. 
21 15.2 (11) 14.8 (4) 
20 18.1 (8) 18.5 (4) 
19 19.0 (2) 18.8 (4) 
18 19.4 (5) 20.7 (8) 
10 45.3 (3) 42.5 (2) 

In addition, at a mean temperature of 8.500 five females of 

A. aouaticus took over 49 days to incubate their eggs, and four 

females of A. meridianus took over 46 drys to incubate their eggs. 

It can be seen from the table that in both A. aa_uaticus 

and A. meridianus there is an inverse relationship between the 

length of incubation and the temperature. The table shows also 

that there is apparently little specific difference in this 

relations, lip. Apart from indicating a general relationship 

between the length of incubation and the temperature, the 

results suggest also that temperature is, in fact, the principal 

factor controlling the length of incubation; despite the fact 

that the incubations occurred at different times of the year, and 

that females of different sizes and at different stages of their 

life-cycle were used, there was nevertheless only slight varia- 

-tions in the length of incubation at any one temperature. 
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In general, the results are in agreement with those of 

Unwin (1920), Haemmerli-Boveri (1926), and Janke (1926) and 

Balesdent-Marquet (1956) . Unwin (1920) noted that in. spring 

three females of A. meridianus took 31,32 and 35 days to 

incubate their eggs. Haenmerli-Boveri (1926) observed that 

females of A. aouaticus took 14-r17 days to incubate their eggs 

in the laboratory (18-2200). Janke (1926) found that in spring 

in an aquarium maintained at the same temperature as the field, 

females took 6-7 creeks to incubate their eggs. Balesdent- 

Harquet (1955) did not directly measure the length of incubation 

in A. aguaticus, but measured instead the interval between 

Parturialhalitung and Zwischenhaiitung. At 20-2300 she recorded 

this interval as 10-15 days, at130C as 28-32 days, and at 

9-. 10°C as 45-50 days. 

off. Discussion. 

The data from the laboratory investigations on A. aouatious 

and A. meridianus, although providing detailed information, do 

not of course accurately reveal the life-cycle of the two 

species as it occurs in the field; it is to be expected that 

during these investigations the constant diet of elm leaves, 

the lack of predators, the smaller "Lebensraum", etc. will 

have had some affect. On the other hand, as already noted, the 

data from the field investigations provide only a general 
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picture of the life-cycle of the to species as it occurs in 

the field, By combining the data fron the laboratory and 

field investigations, however, it is possible to arrive at a 

fairly detailed theoretical picture of the natural life-cycle. 

This theoretical picture would seem to be as follows: 

The breeding season of A. aguaticus extends typically 

from February until early October, and that of A. meridianus 

from February until late October. During the breeding season 

both species show two maxima in the intensity of breeding; the 

first occurs in spring, and the second during the late summer 

and early autumn. The second maximum occurs later and is more 

pronounced in A. meridianus than in A. aciuaticus. In both 

species the first maximum results from the breeding of over- 

-wintered individuals. During this maximum there is a 

progressive relationship in both species between the time at 

which breeding begins and the size of the breeding female; the 

largest overjintered females are the first to begin breeding, 

and the smallest overwintered females are the lest to begin 

breeding. It would seem that under natural conditions over- 

-wintered females of both species produce fewer broods than 

are produced by such females under artificial conditions. This 

" phenomenon is the result of the much later death of overwintered 

females under artificial conditions, the effect perhaps of the 
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lack of predators. Thus, under natural conditions, most of 

the largest overwintered females of both species produce only 

one brood before their death at the end of spring. In both 

species incubation of this brood lasts for approximately 2 

months. Under natural conditions most of the smaller over- 

-wintered females of A. ' aouaticus and A. meridianus also 

produce only one brood before their death in the early summer, 

although some of these females (and especially the smallest ones), 

as well as a few of the largest overvvJintered females of both 

species, survive long enough to produce a second brood. In 

both species the length of time for which these broods are 

incubated varies according to the time at wich incubation begins; 

when incubation begins during March, it lasts for approximately 

12 months. when incubation begins during April, it lasts for 

approximately 1 month; and when incubation begins during May 

it lasts for slightly less than 1 month. The death of the 

largest overwintered males of the two species occurs towards 

the end of spring; the death of the smaller overwintered 

males of the two species occurs during the early summer. 

Because of the vide range of size of overwintered females, 

and the consequent difference in the timing of the broods 

produced by these females, there is a continual release of 

juveniles by overwintered females of the two species from 

about the end of June, in both species most of these 
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juveniles attain sexual maturity after approximately 11 to 

2 months, and the second maximum in the intensity of breeding 

in the two species results from the breeding of these individ- 

-uals. The smallest size at vihich maturity is attained by femsle- 

-s during this second maximum is 4.0 mm. (A. aauatious) and 

3.0 mm. (A. meridianus). In neither species do any of the 

juveniles produced during the second maximum reach maturity 

before overtwintering. 

The number of broods borne before overwintering by females 

which mature in their year of birth depends upon the time at 

which females were released; those females of A. aouatious 

which are amongst the first juveniles to be released by 

overwintered females produce a maximum of 3 broods before 

overwintering, whilst those females of A. aquaticus released 

a little later produce only 1 or 2 broods before overwintering; 

those females of A. rye ridianus which are amongst the first 

juveniles to be released by overwintered females produce a 

maximum of 4 broods before overwintering, whilst those females 

of A. meridianus released a little later produce 1,2 or 3 broods 

before overwintering. In both species the length of time taken 

to incubate all broods produced by females which subsequently 

overwinter is approximately 22-3 weeks, and the interval between 

the broods varies from approximately one to two weeks. 
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The number of broods produced by all overvaintered females 

of both species has already been indicated (see p. 66) and it 

is evident, therefore, that the maximum number of broods that 

are produced by females of A. aquaticus and A. meridianus is, 

respectively, 5 and 6. In both species the females that produce 

the maximum number of broods are released at the very beginning 

of a breeding season, produce 3(A. aauaticus) or 4(A. meridinnus) 

broods before overcvintering, and produce 2 broods after over- 

-wintering. The length of life of these females is just over 

1 year. In both species the minimum number of broods is produced 
by females which are released at the very end of a breeding season, 

and which consequently produce no broods before overwintering. 

In both species, these females live for less than 1 year. In 

general, it would appear that during their entire life the 

usual number of broods produced by females of A. aquatious is 

3 or 4, and by females of A. meridianus is 3,4 or 5. 
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BIOTIC POT TITIAL. 

One of the differences of great ecological significance 

between closely allied species may be a difference of reproductive 

rate. Such a difference may have profound consequences. In 

the theoretical case, for example, of two competing species which 

have identical needs and habits, but which differ in reproductive 

rate, one or other of the two species will ultimately become 

extinct. Which of the two species to become extinct will depend 

not only upon the reproductive rate of both species, but also 

upon the initial numerical ratio of the species; normally, the 

species possessing the inferior reproductive rate will become 

extinct, but if this species has an initial numerical superiority 

above a certain critical value, then it will be the other species 

(Crombie 1947). An empirical example in which a difference in 

reproductive rate would seem to have important consequences is 

provided by certain British species of Gammarus (Hynes 1955); 

Hynes suggests that in Britain the ecological dominance of 

G. pulex over G. duebeni and G. lacustris is largely due to the 

greater reproductive rate of G. pulex as compared with the other 

species. 

Various concepts and definitions aimed at clarifying what 

is implied by the term 'reproductive rate' have been advanced, 

and the most important of these have been those concerned with 
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the maximum reproductive rate. Perhaps the three most important 

are the concepts of biotic potential, of the intrinsic rate of 

natural increase (ri), and of the innate capacity for increase 

(rm). The first of these concepts, although the least specific, 

has been widely employed and proven extremely useful. It. will 

be used in the present chapter, the final aim of which will be 

to compare-the biotic potentials of A. aquaticus and A. meridianui: V 

Chapman (1928) Evas the first to use the term biotic 

potential. He'defined it in such general terms, however, that 

his original definition has given rise to a variety of inter - 

-pretations (see Odum 1959). In the present work the biotic 

potential is regarded as "the ability of a species to multiply 

in a given time when freed from all environmental resistance"" 

(Imms 1944, p, 128). Defined as such, the factors upon which 

the biotic potential depends are the sex-ratio, the number of 

broods borne by femalthe number of progeny produced from 

each brood and the length of the developmental cycle. The 

second and fourth of thse factors have been discussed in chapter 

1V; the first and third will be discussed here. 

Footnote 1. The environmental resistance is regarded as the 
sum of the effect of all environmental factors which are 
responsible for the difference between the maximum potential 
population and the actual population. 
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The Sex- - Ratio. 

A great deal of information concerning the sex-ratio of 

A. aeluaticus and A. neridianus was gathered during the field 

investigations on the life-cycle of these species. This inform- 

ation is summarized in figs If and 2a . Fig 19 indicates the 

sex-ratio of A. acnaticus and of A. meridianus in each sample 

collected from, respectively, Buckley Lake and Padeswood Lake 

during the period October 1957 - November 1959; fig 20 indicates 

the mean monthly sex-ratios of the two species as calculated by 

combining all the data from the regular samples collected from 

Padeswood and Buckley Lakes, Hatchmere and Llyn Llywenan. The 

mean monthly sex-ratio of the two species is indicated also in 

the table on p. S"6 
, and this table shows in addition. the number 

of specimens upon which each monthly. mean is based. 

The sex-ratios presented in the figures and in the table are 

based only upon specimens of A. aQuaticus which were greater than 

3.5 mm. in length, and upon specimens of A. meridianus which were 

greater than 2.5 mm. in Length; as previously noted in chapter 

1V, it was found practicable to limit sexual differentiation to 

size-groups above these lengths. The details of the methods used 

in the collection and subsequent analysis of samples are described 

in chapter 1V. 
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A.. aguaticus A* meridianus 

Uonth. lie 81i $ Total no. of "Zieän jo 
of males specimens 'upon of males 

which mean 
is based 

Total no, oP 
specimens upon 

which mean 
is based 

January 52 376 29 578 
February 52 590 37 676 
March 51 383 27 476 
April 36 383 34 617 
play 44 260 35 302 
June 52 757 53 762 
July 62 487 52 584 
August 58 141 47 356 
September 65 638 59 494 
October 62 '801 53 758 
November 57 1,011 47 634 
December 59 454 47 552 

Table showing the mean monthly sex - ratio of A. aouatious 

and A. meridianus as calculated from ell the regular samples. 
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It can be seen from figs. (1 and2o that the sex-ratio of 

both A. aquaticus and A. meridianus varies throughout the year, 

and, furthermore, that the pattern: of this variation is essenti. 

-ally similar in the two species. Thus, in both, the percentage 

of males is least during the spring, rapidly rises during the 

early summer, and is greatest during the summer and autumn. The 

figures show also, however, that there is a constant difference 

between the two species in that the percentage of males of 

it. aauaticus is greater than that of A. meridianus in nearly all 

months. This constant difference is clearly revealed by the 

calculation of the mean annual sex-ratio of the two species: the 

mean annual percentage of males of A. aauaticus based upon 6,281 

specimens from four localities, is 54.1,5; the mean annual percent 

-age of males of A. meridianus, based upon 6,789 specimens 

from four localities, is 43.3. 

The monthly variation in the sex-ratios of the two species 

can to some extent be correlated with the sexual dimorphism in 

size. Thus, the rapid rice in the percentage of males of the 

two species during the early summer would seem quite certainly 

to be due to the fact that the males released by overwintered 

females during the spring reach the limits of sexual different. 

-iation before the females released at the same time. Not all 

the variationsiii the sex-ratios of the two species can, however, 
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be explained in this manner, and it would seem that at least 

some of the variation-is due to a difference in the sex-ratio 

of broods produced at different times of the year, and to a 

difference in the survival of the two sexes. Because of the 

lack of sharply defined temporal divisions between broods in 

both species, it is not possible to evaluate accurately the 

influence of these latter factors, but, at all events, it would 

appear that the decline in the percentage of males of the two 

species during the winter is due to the death of overwintering 

males before that of overwintering females. 

In order to appreciate correctly the ecological significant 

of the difference between the sex-ratios of A. aauaticus and 

A. meridianus, it is necessary to have information concerning 

three points: (a) the necessity or otherwise of males in 

reproduction, (b) the "availability" of males, and (c) the 

effectiveness of fertilization. 

Information concerning the necessity or Ötherwise of 

males in the reproduction of A. aauaticus and A. meridianus 

is provided by the work of Haemmerli - Boveri (1926) on A. ac 

-ices, and by the results of the experiment in which inter- 

-specific crossing between the two species was attempted (cee 

p. 2.14). The only conclusion that may be reached from this 

information is that in the reproduction of both species males 
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are absolutely essential; unfertilized females of either species 

never produce live young. 

Information concerning the "availability" of males of 

A. aquaticus and A. meridianus (i. e. the proportion at any one 

time of males which can successfully fertilize females) is 

provided by both laboratory and field evidence obtained during 

the present research. The laboratory evidence is derived from 

a brief experiment in which a male of either species of Asellus, 

after fertilizing one female of the same species, was immediately 

placed with another such female which was about to oviposit. 

The interval between each oviposition was noted, and every female 

was observed until the subsequent Zwischenhatitung. Due to the 

death of both males, the results of this experiment are unfort- 

-unately incomplete. The results indicate, however, that the 

interval between successful and consecutive fertilizations in 

males of both species need not be long, and, at all events, can 

be very much shorter than the interval between consecutive 

fertilizations in females of the two species. In the experiment, 

the A. equations male fertilized three females which oviposited 

on the 22nd February, the 26th February and the let March, and 

the A. meridianus male fertilized two females which oviposited 

on the 26th February and let Maroh. All five females subsequently 

released live young after an incubation period of about 3 weeks. 
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The field evidence concerning the "availability" of males in 

both species is derived from the field investigations of the 

life-cycles of the species (chapter iv). During these invest- 

-igations every sample collected always contained non-precopul- 

-ating males of A. aquaticus and/or A. meridianus. The laboratory 

and field evidence concerning the "availability" of males would 

appear to suggest, therefore, that in field populations of the 

two species there is never at any time a shortage of mature 

males capable of effecting successful fertilizations. 

For both A. aguaticus and A. meridianus, information 

concerning the effectiveness of fertilization under natural 

conditions is perhaps provided by the investigation of the number 

of eggs or embryos borne by females of these species. This 

investigation is to be discussed in detail shortly,. and it is 

pertinent, therefore, to note here only that during the invest- 

igations records were made of the number and the stage of 

development of eggs or embryos within the brood pouches of 

several hundred ovigerous females of both species. The investi- 

-gation revealed that in ever ovigerous female of A. aquatious 

examined the eggs or. embryos within the brood pouch were at the 

same stage of development, but that in approximately lj of the 

ovigerous females of A. meridianus. examined-the eggs or embryos 

were at two different stages of development, one of these stages 

always being that of recently oviposited eggs. The most 
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reasonable explanation of this phenomenon would seem to be that 

in A. acuaticus fertilization wqs so. effective that there were 

aver-any unfertilized eggs, but that in, A. meridianus fertiliz- 

-ation was slightly less effective so that in about l0j'a of cases 

a number of eggs remained unfertilized and consequently failed 

to develop. The investigation revealed, therefore, that in both 

species fertilization would appear to be very effeotive, but that 

it would appear to be slightly less so in A. meridianus. 

The three points of information which are necessary for a 

correct appreciation of the ecological significance of the 

difference between the sex-ratios of A. aoruaticus and A. meridi- 

-anus, and which have been discussed in the foregoing paragraphs, 

may be briefly summarized as follows: reproduction in both 

species is completely sexual, and the presence of males, therefore, 

is essential; in field populations of both species there would 

never appear at any time to be a shortage of males capable of 

effecting fertilization; and, under field conditions, fertiliz- 

-ationc by males of both species would appear to be very 

effective, although perhaps slightly more so in A. aquaticus 

than in A. meridianus. From a consideration of this sumciary,. it 

must be concluded that the difference between the sex-ratios of 

the two species will have a significant effedt upon their 

biotic potentials; manipulation of the data on the sex-ratios 

indicates-that'during the entire year there are on average 
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23% more females of A. meridianus than of A. aquaticus. It is 

to be expected therefore, that breeding will be more intense 

in A. meridianus than in A. aguaticus, and this expectation is 

amply borne out by an examination of fig. ºSb pý 69 
, which shows 

the number of breeding females of the two species at Buckley 

and Padeswood Lakes as a percentage of the total population 

present each month. It can be seen from the figure that in 

nearly all months the number of breeding females of A. ö meridi. - 

-anus was greater than that of A. aruaticus. Thus, with regard 

to the biotic potential of the two species, it is evident that 

the tLifferences between their se=-ratios are more advantageous 

to A. meridianus than to A. acjuaticus. The difference between 

the effectiveness of fertilization in the two species is so 

slight that it is regarded as being of no significance. 

No previous vork on the sex--ratio of A. meridianus exists, 

but Seitz (1954,1953) has presented some detailed information 

concerning the sex-ratio of A. aguaticus. The results presented 

in his 1954 paper, although based only upon specimens oolleo td 

during 9 months of one year and 5-6 mm. or greater-in length, 

are in very close agreement vith the results of the present 

research. Thus; Seitz also found that the percentage of males 

in field populations of A. aguaticus was least during the spring, 

rose rapidly during June, and was greatest during the summer 
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and early autumn. In his earlier paper (1953), Seitz was 

mainly concerned with the analysis of the sex-ratio within 

each brood. He found that broods could consist of either 

sex alon, but that most consisted of a mixture of the sexes 

with a preponderance towards one or the other. The factors 

which control the intra-brood sex-ratio in A. -aquaticus are 

at present unknown, but it is of interest to note that Collinge 

(1947) regarded high temperatures and a highly nutritive diet 

as favouring the production of females in certain species of 

land isopods, and that Kinne (1952a) found that in Gammarus 

duebeni the main factor controlling the intra-brood sex-ratio 

was the temperature at which the female had been kept shortly 

before oviposition. 
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The number of progeny in each brood. 

All the ovigerous females of A. aciuaticüs and A. meridianus 

collected during the field investigations on the life-cycle 

of these species were carefully preserved. A certain number 

of these females were subsequently examined in order to 

obtain data on the number. of progeny in each brood. The 

females subsequently examined comprized all the ovigerous 

females of A. aauaticus collected from Buckley Lake, Llyn 

Llywenan and Hatchmere, all the ovigerous females of A. merid- 

-ianus collected from Padeswood Lake, and all the ovigerous 

females of A. meridianus in the 3.5 mm. size-group collected 

from Llyn Llywenan and Hatchmere. In all, 266 ovigerous 

females of A. aquaticus and 568 ovigerous females of A. merid- 

-ianus were examined. In the examination of each female, the 

eggs or embryos were removed from the brood pouch under a 

binocular microscope, and a note was then made of their number 

and stage of development. Four stages of development were 

arbitrarily demarcated: 

stage (a) spherical eggs, either translucent and yellow, 
or opaque and white, 

stage (b) comma-shaped eggs showing little or no develop- 
ment of appendages, 

stage (c) embryos with well-developed appendages, bat still 
contained within the egg-skin, 

stage (d) embryos with well-developed appendages, and not 
contained within the egg-skin. 
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These developmental stages are approximately equivalent to the 

four recognized by Janke (1926) for A. acguaticus. 

Before the number of eggs or embryos in each brood pouch 

can be regarded as a valid estimation of the actual number of 

progeny released at the end of incubation, it is necessary to 

reinvestigate the hypothesis that there is a progressive and 

intensive reduction in the number of eggs and embryos during 

incubation. This hypothesis was first advanced by Janke (1926) 

for A. aguaticus, and has since been reiterated by several 

other authors (e. g. Berg 1938,1948; Birstein 1951),. Janke 

based his hypothesis upon three facts: , firstly, upon the fact 

that he noted a great increase in the volume of the embryos 

during incubation without a corresponding increase in the 

volume of the brood pouch; secondly, upon the fact that oviger- 

-ous females which he maintained on a sieve alvays dropped 

eggs through the mesh; and thirdly, upon the fact that when 

he comted the number of embryos in a "large number" of females 

he found an average ofý 150 for embryos which had not left the 

egg-skin, an average of 100 for embryos just about to undergo 

the first larval moult, and an average of 80 for fully 

developed embryos. There are, however, several points of 

criticism that may be raised against Janke's evidence. He did 

not indicate, for instance, exactly how many ovigerous females 
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he used in calculating the number of embryos in the various 

stages of development, and nor did he, indicate how large the 

females were or at what time of the year they were collected. 

As will be shown presently, such information is extremely 

relevant, for not only is there a variation in the number of 

embryos with the size of the parent, but there is also a 

seasonal variation in this number. Furthermore, Janke noted 

that the eggs dropped by the females maintained on the sieve 

were abnormal: "an den ausgestoßenen Eiern waren irgendwelche 

AbnormitEten oder besondere Krankheitserscheinungen nicht 

festzustellen" (1926, p. 685). It is quite possible, therefore, 

that these eggs were dropped only because they were abnormal, 

an explanation supported by the fact that unfertilized females 

tend to drop their eggs (see p. 2.13). The presence of the 

sieve may also have had some affect, for during the present 

research a perfectly normal ovigerous female of A. aciuaticus 

maintained on a sieve at room temperatures discarded all her 

eggs within one week. In this instance, it appeared that in 

some 'way the surface of the sieve was extremely irritating 

to the female, and this may have caused the loss of her eggs. 

The present evidence upon which the re-investigation of. 

Janke's hypothesis is based has been derived from three 

sources: evidence has been derived from the investigation of 
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the relationship between the length of time of incubation 

and the temperature, from the examination of the number of 

eggs or embryos in the four developmental stages in females 

collected from the field, and from an investigation of the 

actual number of juveniles released by ovi, erous females. 

All three sources provide evidence which is applicable 

to both A. aquaticus and A. meridianus. 

1) Evidence derived from the investigation of the 
relationship between the length of time of incubation 
and the temperature: (see p. 4-41). 

Darin; this investigation, all incubating females were 

observed at daily intervals. The observations revealed that 

most of the females of either species lost a few eggs or 

embryos from their brood pouches in the course of incubation, 

and that a few lost many and some lost none. The observations 

did not reveal any conclusive difference between the two 

species in the number of eggs or embryos lost. 

2) Evidence derived fron the examination of the number of 
eg, s or embryos in the four developmental stage-Sin 
females collected from the field: I 

The reason vhy Janke's evidence based upon the number of 

embryos at different stages of development cannot be accepted 

ht's already been intimated, It is possible, however, to use 
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the fundamental idea upon cahich his evidence is based to provide 

acceptable evidence. Thus, in the table shown on the following 

page is presented various averages of the number of eggs or 

embryos in the four developmental stages in females collected 

from the field. But, in this table each set of averages-has 

been obtained from females which were of the same size, and 

which had been collected at the same time. The data shown in 

the table have been s&lected from a great deal of similar 

data, but the only criterion of selection has been the number 

of specimens upon which each average is based; all those sets 

of averages based upon reasonably large numbers of specimens 

are shown. 

It can be seen fron the table that for neither species 

is there conclusive evidence of a significant reduction in the 

number of eggs or embryos during incubation, although the data 

referring. to A. meridianus indicate that such a phenomenon may 

occur in this species. 

3) Evidence derived from an investigation of the actual 
number of juveniles released. 

Fig. 21 and 22, pp. <''5.34,5,35, phovv , for, respeotivelytA. acouticus and 

A. meridianus the average number of eggs or embryos in females 

of different sizes and at different times of the breeding season. 

The figures are to be discussed in more-detail shortly, but it 
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Date of Size of Average no* of eggs in each developmental 
collection female stage. 

stage(a) stage(b) stage(c) stage(d) 

A. aquaticus 

17th May 8.5cm. 86 (2) 

17th May 7.5 106 (9) 

91 (7) 115 (4), 117 (6) 

93 (10) 84 (3) 86 
. 

(9) 

A. meridianus 

27th March 6.5 56 (41) 52 (19) 52 (4) 47 (7) 

25th April 7.5 60 (7) 60 (8) 59 (5) 50 (28) 

25th April 6.5 43 (21) 48 (23) 42 (4) 41 (19) 

25th April 5.5 36 (18) 44 (5) 37 (2) " 27 (9) 

24th April 4.5 18 (16) 16 (6) 18 (3) 16 (7) 

The number shown in brackets after each average indicates 

the number of females upon which the average is based. 
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must be noted here that the averages are based only upon 

females containing eggs or embryos in developmental stages 

(a) to (c). By interpolation of these figures, it is possible, 

therefore, to estimate the average number of-eggs or embryos 

(developmental stages (a) to (c)) in. any female of either 

species collected from the field. Then, by comparing this 

estimated number with the actual number of juveniles released 

by the female, an approximate indication of the number of 

embryos lost during at least developmental stage (d) may be 

obtained. This procedure has been carried out on 17 females 

of A. aquaticus and 13 females of A. meridianus. The detailed 

results are shown in the table overleaf. It can be seen from 

the table that most of the females investigated would appear 

to have lost some of their embryos during incubation, the esti- 

-mated maximum loss being 781 in A. aduaticus and 66%-in 

A. meridianus. But, it can also be seen that several females 

of both species would appear not to have lost any of their brood. 

From a consideration of all three sources of evidence 

outlined in the preceding paragraphs, the most probable 

conclusion ciould seem to be that in both A. aquaticus and 

A. meridianus most ovigerous females lose some eggs or embryos 

during incubation. The extent of the loss, however, is 

extremely variable; some females of both species lose almost 
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Date of Size of Number of Estimated Percentage 
liberation female juveniles number of reduction 
of juveniles (nm. ) released eggs and 

embryos 
(stages - Aa) to(c)) 

A. aquatious 
15th March 8.0 92 85 -4 18th March 6.5 53 53 0 
29th March 8.5 100 100 0 
12th March 8.0 82 85 4 
14th March 8.0 82 85 4 

8th March 8.0 61 85 8 
2nd April 8.5 90 100 10 

27th March 7.5 63 73 14 
14th March 8.0 70 85 18 
14th March 7.5 50 63 20 
30th March 7,0 48 70 31 

6th April 7.0 52 75 31 
16th March 8.0 45 85 47 
30th March 9.0 49 120 59 

5th April 7,5 29 75 61 
30th March 7.5 21 77 73 

2nd April 7.5 19 87 78 

A. rneridianus 

2nd April 4.5 44 35 . -26 31st. 11arch 5.5 51 43 -19 
2nd April 4.0 21 35 4 

11th March 5.0 28 30 7 
16th March 5.0 25 30 13 

2nd April 4.5 29 35 17 
1st April 5.0 33 40 17 

14th March 5.0 25 30 17 
15th March 5.0 23 30 23 
31st March 5.5 31 43 28 
14th March 6.0 31 44 30 

2nd April 4.0 22 35 37 
6th April 4.5 12 35 66 
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their entire brood, whilst a few females "of -both species lose 

none of their brood. At all events, it would seem that in both 

species the usual extent of the loss is far less than that 

envisaged by Janke (viz. 47%); because of the very approximate 

nature of the evidence, it is not possible to give an exact 

estimate of the average percentage loss, but for both species 

a figure of 20,5; o* is not without foundation and would 'not appear 

to be unreasonable. The factors responsible for the loss are 

at present unknown, but it seems likely that they include the 

action of walking, the constant movements of the brood pouch 

lamellae, the continual current of water passing through the 

pouch and the movements of the eggs or embryos themselves. If 

indeed most of the loss is due to these causes, then the loss 

must be regarded as a purely accidental one and not as purposive. 

It-is of interest to note at this point that a similar 

reduction in the number of embryos during incubation would seem 

to-occur in Caecosphaeroma (Vireia) burgundum; Daum (1954) 

noted that in 7 females of this species the average number of 

eggs in the brood pouch Evas. 8, but that the average number of 

juveniles released by these females was only 6. Similarly, 

Kinne (1953) noted that, even under the optimum conditions of 

salinity and temperature, never more than 951 of the brood 

of Gammarus duebeni survived. On the other hand, Hynes (1955) 
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and Jefferies (1958) stated that there was no intra-brood 

mortality in, respectively, Ga arus puler and G. lacustris, 

and Paleenonetes varians. 

Because it would seem that most ovigerous females of 

A. aauaticus and A. meridianus lose some eggs or embryos during 

incubation, it is evident therefore that the number of eggs or 

embryos tivithin the brood pouch cannot be regarded as a direct 

valid estimate of the actual number of progeny released at 

the end of incubation. Furthermore, there is the additional 

point that the number of embryos in developmental stage (d) 

provides an even less reliable estimate than is provided by the 

number of eggs or embryos in developmental stages (a), (b) 

and (c), for in both species there is the tendency for 

juveniles to be released over an extended period of time (but 

see p. (4.. 62. However, by using only those, ovigerous females 

possessing eggs or embryos in developmental stages (a), (b), 

or (c), and by allowing for the reduction in the number of eggs 

or embryos during incubation, it is possible to obtain from 

the examination of the ovigerous females of the two species an 

indication of the variation in the number of juveniles released. 

The results of the examination are partly shown in 

graphical form in fig. 21 and 22 , pagesS34- and S. 3S 
, These 

figures are based upon only those specimens possessing eggs 
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or embryos in developmental stages (a), (b) or (c). lore 

detailed results are contained in appendix6 , p. lo, c, . 
Strictly 

speaking, the figures show only the variation in the number of 

eggs or embryos of the two species, but, by reducing each value 

shown by approximately 20; 2, an indication is also given of the 

variation in the actual number of juveniles released. 

It can be seen from the figures that in both A. aquaticus 

and A. meridianus there is a clear relationship between the 

size of the ovigerous females and the number of eggs or embryos 

borne by them, and, furthermore, that there is a seasonal variat- 

-ion in this relationship. The seasonal pattern of variation is 

similar in both species; in both the maximum number of eggs or 

embryos is borne during the spring, the minimum during the early 

summer. The correlation between the size of ovigerous females 

and the number of eggs or embryos is shown also by figure 23 , p. S. 36. 

Here, the monthly data have been combined to produce an annual 

average number of eggs or embryos (developmental stages (a), (b) 

and (c) only) for each size group of ovigerous females. The 

figure compares each such average in the two species. Comparing 

the averages, it can be seen that in the smaller size groups 

the averages are very similar in the two species, but that in 

the larger size groups more eggs or embryos are borne by females 

of A. aauaticus. 
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Only Untivin (1920) has hitherto presented data on the 

number of eggs or embryos borne by females of A. meridienus 

His observations, however, are extremely brief; he noted only 

that the number varied from 39 to 62, and that "the average 

of many specimens is 46" (p. 340). Rather more data here been 

presented concerning the number of eggs or embryos borne by 

females of A. aauaticus, gaulberz (1913) recorded 50 - 60; 

Janke (1926), as already noted, recorded from 80 to 150; and 

Weerekoon (1956) recorded an average of 22 from 16 females in 

Loch Lomond. But, none of these authors realized that the 

number of eggs or embryos was dependent upon, amongst other 

things, the size of the ovigerous female. Their figures, there- 

-fore, are of little use for comparative purposes. Berg (1938; 

1948), on the other hand, was clearly aware of the correlation 

between the number of eggs or embryos and the size of the 

ovigerous female. In the earlier paper, based upon his work at 

Esrom lake, he recorded from 12 to 52 eggs or embryos in females 

of A. aaueticus ranging in size from 3.9 mm. to 7.0 mm.; in the 

later paper, based upon collections made from the R. Susaa, he 

noted in detail not only the increase in the number of eggs or 

embryos vvith increase in size of the females bearing them, but 

also a seasonal difference in the average number of eggs or 

embryos borne. This seasonal difference, however, he explained 

entirely in terms of a seasonal difference in the average size 
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of females. His figures for the average number of eggs or 

embryos/female in each season of the breeding period were 

94.2 for the spring, 29.7 for the summer and 23.7 for the 

autumn; his figures for the average number of eggs or embryos 

borne by females of sizes 5.0,6.0,7.0,8.0,9.0,10.0 and 

11.0 mm. were, respectively, 24.9,28.3,36.8,83.5,105.2, 

120.8 and 152.3. These latter data are in close agreement with 

the data of the present research (c. f. Berg's data and fig. 23 ). 

The sort of variation in the number of eggs or embryos in 

A. ac_uaticus and A. meridianus recorded in the present research 

is parallel by the work of many authors on other crustacean 

species. Clemens (1950), Kinne (1952), Hynes (1954,1955), and, 

Jefferies (1958), for instance, recorded for various species 

a clear correlation between the number of eggs or embryos 

borne and the size of the female, and Kinne (1952) recorded 

also for Gammarus duebeni a seasonal variation in the number 

of eggs or embryos borne by females of the same size. 
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Diccussion, 

Using the data outlined in the preceding sections of this 

chapter, and the data concerning the number of broods borne 

by females and the length of the developmental cycle outlined 

in chapter 1V, it is now possible to calculate the approximate 

biotic potential of A. aauaticus and of A. meridianns. 

For eace of comparison it is convenient to consider for 

each species the biotic potential of a single female which 

is released at the very beginning of a breeding season, and 

which survives for its normal length of life. Thus, for 

either species will be considered the biotic potential of a 

female which begins its extra-marsupial life about the end of 

April, which breeds before and after overwintering, and which 

dies at the end of spring. 

Tt. o A. acuaticus female will reach maturity after 12 

months, and her first brood will be incubated during the 

latter half of June. The approximate size of the female at 

this time will be 4.5 mm., and she will, therefore', bear about 

10 eggs or embryos. Following the reduction in this number 

during incubation, about 8 juveniles will eventually be released. 

Two further broods will be produced by the female before the 

winter, and these will be released during July and August/ 
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/September. Referring to figs. I and ,2, pages 4.. 1 andy.. y. , it 

would seen that the approximate size of the female at these 

tines will be 5.5 and 6.0 mm. ' The broods, therefore, will 

consist of 25 and 36 eggs or embryos, respectively, and followin 

the reduction in these numbers during incubation, about 20 

and 29 juveniles will be released. The approximate size of the 

female after overwintering will be 9.0 mm. (fig. 9 p. 44.1) , and 

she will produce only one further brood before her death at 

the end of spring. This brood will consist of about 125 eggs 

or embryos, and following the reduction in this number during 

incubation, about 100 juveniles will be released. The approx-. 

. -imate total number of juveniles released by the female during 

her life, therefore, will be 149. This number, however, is 

not the biotic potential, for, before the death of the female, 

most of her offspring produced before overwintering will them- 

-selves produce a brood. In order to calculate the number of 

progeny produced by the offspring, it is necessary to consider 

the sex-ratio of the various broods produced before overwinterir 

by the original female. It is quite likely that this sex-ratio 

varies (see p. 5.8), but because of the lack of sharply defined 

temporal divisions between broods it is not possible to determin 

exactly this variation. In the absence, therefore, of an exact 

estimation, it seem not unreasonable to regard the average 

sex-ratio during the period June-December as providing a fairly 
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accurate approximation 
l. In A. aguaticus this average is 

Q0.6: 
0.4: 

'O: 
0. The number of females in each of the broods 

produced by the original female before overwinterin; will be, 

therefore, respectively, 3.2,8 and 11.6. $11 of these 

females will mature only after overwintering, and will begin 

incubating in March or April. By, reference to fig. ff p. 4.1 , it 

would seem that at this time the approximate size of these 

females will be, respectively, 7.5, 
-6.5, 

and 5.5 mm. Each 

female of the first brood will bear, therefore, about 82 eggs 

or embryos, and each female of the second and third brood, 

about 65 and 40 eggs or embryos, respectively. Following the 

reduction in these numbers during incubation, each female of 

the lst, 2nd and 3rd brood will eventually release about 66, 

52 and 32 juveniles,, respectively. Multiplication of these 

numbers of juveniles by the number of females producing them 

. 
will give the total progeny of the offspring of the original 

female. Thus, the females in the first brood of the original 

female will produce a total of 211 progeny, and similarly, the 

females of the 2nd and 3rd broods, totals of 416 and 371 

progeny, respectively. Adding these figures, it can be seen 

that the total progeny of the offspring of the original female 

will be 998. The approximate biotic potential of the A. aquat- 

-icus female is, therefore, 998 . 4.149, i. e. 1,147. 
Footnote 1. The sex-ratio of this period is regarded as a more 
reliable a figure than the annual average sex-ratio, for it 
seems likely that the sex-ratio during the period December-May 
is greatly 

. 
influenced by a differential survival of the sexes. 
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The approximate biotic potential of the A. meridianue 

female is calculated in a similar manner: 

The A. meridianus female will reach maturity after lz 

months, and her first brood will be incubated during the 

latter half of June. The approximate size of the female at 

this time will be 3.5 mm., and she will, therefore, bear about 

10 eggs or embryos. Following the reduction in this number 

during incubation, about 8 juveniles will eventually be 

released. Three further broods will be produced by the female 

before the winter, and these will be released during July, 

August and September/October. Referring to fig. to , p. 4.. 2. 

it would seem that the approximate size of the female at these 

times will be 4.0,5.0 and 5.5 mm. The broods, therefore, will 

consist of about 18,22 and 31 eggs or embryos respectively, 

and, following the reduction in these numbers during incubation, 

about 15,18 and 24 juveniles will be released. The approximate 

size of the female after overwintering will be 7.5 mm. (fig. to 

p. W"2 ý, and she will produce only one further brood before 

her death at the end of spring. This brood will consist of 

about 60 eggs or embryos, and, following the reduction in this 

number during incubation, about 48 juveniles will be released. 

The approximate total number of juveniles released by the 

female during her life, therefore, will be 113. This number, 
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however, as in the case of the A. aauaticus female, is not 

the biotic potential, for, before the death of the A. meridianus 

female, most of her offspring produced before overwintering vill 

themselves produce a brood. As before, in order to calculate 

the number of. progeny produced by the offspring, it is necessary 

to consider the sex-ratio of the various broods produced before 

overnwintering by the original female. For the same reasons as 

have been advanced for the A. aouaticus female the 

average sex-ratio of A. meridianus during the period June- 

-December must be regarded as indicating this sex-ratio. The 

approximate sex-ratio of the broods produced before overwintering 

by the original female is, therefore, 0.5. Thus, the number 

of females in each of the four broods produced before over- 

-sintering by the original female will be, respectively, 4,7.5, 

9 and 12. All of these females will nature only after over- 

-wintering, and will begin incubating during March or April. 

By reference to figure lo p. 4.2 , it could seem that at this 

time the approximate size of these females will be, respectively, 

7.0,6.5,6.0 and 5.5 rxm. Each female of the first brood will 

bear, therefore, about 57 eggs or embryos, and each female of 

the 2nd, 3rd and 4th brood, 55,50 or 45 eggs or embryos, 

respectively. Following the reduction in these numbers during 

incubation, each female in the ist, 2nd, 3rd and 4th brood 

will eventually release about 46,44,40 or 30 juveniles, 
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respectively. Multiplication of these numbers of juveniles 

by the number of females producing them vtill, as before, give 

the total progeny of the offspring of the original female. 

Thus, the females in the first brood of. the original female 

will produce a total of 184 progeny, and, similarly, the - 

females of the 2nd, 3rd and 4th broods, totals of 330,360 

and 430 progeny, respectively. Adding these figures, it can 

be seen that the total progeny of the offspring of the original 

female is 1,306. The approximate biotic potential of the 

A. meridianus female is, therefore, 1,306 . +-. 113, i. e. 1,419. 

The estimations of the biotic potentials of A. anuaticus 

and A. meridianus given above must be regarded as only very 

general approximations; both sets of calculations, for 

instance, are based upon a highly theoretical picture of the 

tvo life-cycles and of the sizes of females at various points 

of time. Nevertheless, both estimations probably have a 

certain validity, although it is doubtful if this extends to 

the indicated difference between the two; the most reasonable 

conclusion, in fact, would seem to be that the biotic potentials 

of A. aauaticus and A. meridianus are of approximately the same 

order. This similarity between the two biotin potentials would 

seem to be the result of a balance between three points of 

difference, namely, the difference in the length of the breedir 
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season, the difference in the size of ovigerous females; it 

would appear that in A. meridianus the bias towards the product- 

-ion of females and the slightly longer breeding season compen- 

-sate for the smaller average size of females and the copseo+uent 

smaller number of juveniles released by each female. However, 

it must be noted here that several factors of the external 

environment (and especially food and temperature) can greatly 

affect the life-cycle of the two species. The extent of this 

affect is apparently not always the same in the, two species, 

and, therefore, it is to be expected that marked changes will. 

occur between the biotic potentials of the two from year to 

year and from place to place. 

Zheltenova (Birstein 1951) has previously presented an 

estimate of the biotic potential of A. aquaticus. Her estimate 

is almost three times higher than the one presented here, but 

since no details of the calculations are given it is not 

possible to discuss it further. 
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TIM 73GR1 OF ECOLOGICAL SIMILARITY 

a) Food. 

-ITumerous workers have demonstrated specific 'differences in 

food and feeding habits in many groups of sympatric and closely 

related species (e. g. Lack (1944,1946,1947), Hartley (1953), 

Betts (1955), Dobzhansky et al ( 1956 de Cunha et al. 

(1957), Hartman (1957), MacArthur (1958), Kohn (1959). Propon- 

-ents of Gause's hypothesis have regarded such differences as 

strong indirect proof of the validity in nature of the hypothesis, 

and as having resulted from interspecific competition. Such 

differences, in fact, are looked upon as being the principal 

means whereby related and sympatric species can co-exist. On 

the other hand, however, Andrewartha and Birch (1954) contended 

that for many animal populations food is not a limiting factor, 

and, therefore, food differences could hardly have arisen as 

the result of interspeeific competition. Furthermore, there 

have recently been advanced several examples of groups of sympat- 

-ric and related species within which there seems to be no 

specific food differences (e. g. see Dumas (1956), Fryer (1957, 

1959)). 

During the present research, comparative information con- 

-cerning the food and feeding habits of A. anuaticus and 

A. meridianus has been obtained from three principal sources; 
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information has been obtained from a study of the mouth parts, 

from an analysis of the contents of the fore-guts, and from 

observation of the feeding habits of captive specimens. 

Sars (1867), Tschetwerikoff (1911), Birstein (1951) and 

others have figured the complete mouthparts of A. aquaticus. 

As far as I am aware, however, no author has hitherto figured 

the complete mouthparts of A. meridianus, although Re. covitza 

(1919) must obviously have made a close study of them, as he 

concluded that they differ from A. acquaticus only in the number 

of spines on the inner lobe of the first maxilla. Nonetheless, 

in order to be quite certain of Racovitza's implied conclusions, 

drawings of the mouthparts of both species were made and compared. 

These drawings are shown in figs. 24.. and 25 , p. 6.3 and 6.4. 

The drawings show the appendages of the left side, and were based 

upon large male specimens! A camera lacida was used in their 

preparation. It can be seen from the figures that the mouth- 

-parts are extremely similar in the two species; the only 

salient differences would seem to be in the number of spines 

on the inner lobe of the 1st maxilla (4 in A.. aguaticus; 5 in 

A. meridianus), and in the larger number of spines on the 

anterior portion of the terminal basal part of the maxilliped in 

Footnote 1. Apart from the coxopodite of the maxilliped, there 
would appear to be no differences between males and females in 
either sy)ecies. The maxillipeds are similar in females of both 
species. 
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Fi,. 24 The nouthparts of A. souaticus and A. neridianus 

(I) 

(The appendages are from the left side) 

a. A. aquaticus 

fl. A. ' meridianus 

I. Upper lip or labrun 

2. Lower lip or paragnath 
3. Mandibles 

1 
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Fi,. 25 The ciouth2arts of A. aauaticus and A. meridianus 

( a) 
(The appef dages are from the left side) 

a. A. aguüticus 

m. A. rreridianus 

4. iia°illules (first maxillae) 

5. Maxillae (second maxillae) 

6. Uaxillipedes 
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A. a+uaticus. It is difficult to see how these minor differences 

in chaetotcxy could account for any gross specific food differ- 

-ences, and it must be concluded, therefore, that the study of 

the mouthparts does not indicate any major difference between the 

food of the two species. The similarity between the mouthparts 

of the two species and the mouthparts of Idote& (see Naylor, 19510, 

suggests that the mechanism of feeding is probably the same in 

the two genera. The mechanism has been fully described for 

Idotea by Naylor (1955a). Thus, it may be presumed that the 

mechanism of feeding in A. aauatieus and A. meridianus consists 

essentially of six operations, namely, biting, scraping, pushing, 

combing, brushing and trituration. Sieving and further tritur- 

-ation occurs in the fore-gut (Rehorst, 1914). 

Fig. 26 p. 6.7 
, shows the percentage occurrence of various 

corrstitients in the fore-Gut of A. aojuaticus and A. meridianus, 

and is based upon an examination of the foregats of 25 large 

adult snecimens of each species} These specimens had been 

collected from Llyn Llywenan, and preserved in 705 alcohol. in 

the examination, the fore-; ut of each specimen was first removed 

by dissection under a binocular microscope, and was then maoerat 

-ted on a microscope slide and examined under the low and high 

yo: vers of the mieroccope. As was to have been expected from the 

study of the mouth arts, the determination of the contents 
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corn rized grit and indeterminate "mush", the other constituents 

forming only a very small fraction of the total volume! Never- 

_theless, some differences between the species Mould seem to be 

indicated; as can be seen from the fi3ure, the percentage 

occurrence of all constituents other than grit amd finely 

divided "mush". was higher in A. aquaticus. It is not clear 

,, whether this difference is the result of a less efficient 

trituration in A. a. juaticus, or is due to the rather rider 

vcxiety of material ingested by this species, but it seems not 

unreasonable to suppose that the latter explanation is the more 

probable. In both species the arthropod remain$c consisted 

almost entirely of small setae, and no diatoms apere seen. 

Rehorst (1914) also noted the constant presence of grit in the 

fore-gut of A. ecsuaticus. 

During the present research, both species vvere success- 

-fully reared through at least two generations using dead elm 

leaves as a food source. The leaves themselves, however, may 

not have been the actual food material; although both s. Decies 

skeletonized the leaves (A. acauaticus more readily than A. merid- 

-ienus), it seems quite possible that the actual food was the 

film of bacteria, protozoa, rotifera, etc,, associated4ith the 

surface of each leaf. Such food items, being soft bodied, would 

not of course have been revealed by the analysis of the gut 

Footnote 1. It is of interest here to note that Dr. ''-b' 
Reynoläson (yers. couin. );; bo observed the presence of fungus 
in the foregut of Asellus. 
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II A. anuaticus 
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contents. Several facts suyport the suggestion that the two 

s ,: ecimens of both species feed on microUrgants: 1s; `; evexe. l 

species lived for a period of at least 3 months in large jars 

, ohieh originally contained only water and mashed sand; freshly 

released juveniles of both species did not usually survive when 

oleced Faith an elm leaf which had not previously been in contact 

with an adult specimen of Asellus for a short period of time, and 

vhich, therefore, had presumably not developed the associated 

fauna and flora of microör; anisms; and finally, Moon (Holland, 

1956), referring to specimens of Asellus collected from a water 

mains system, noted than "any material in the mains which is a 

substratum for bacteria appears to be readily consumed". But, 

tthether or not micro3rganisms form the food material, it is 

certain that both species ingest a wide variety of materiel; 

living specimens of Acellus, ezuviae, decaying leaves of Elodea 

and Callitriohe, for example, have been, recorded during the 

present research as having been ingested by specimens of both 

species. 

The only reasonable conclusions that can be deduced from 

the information outlined in the preceding three porat3rcphc would 

seem to be that no gross differences in food occur between 

A. aquaticus and A. meridianus, that both species , perhaps feed 

on microöröanisms although both incest a vide variety of 

materials, and that A. aauatious vould appear to be slightly 
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more omnivorous. 

most previous authors (e. g. Cooper, 1925; Collin; -, e, 1946cß,; 

1eerekoon, 1956) have regarded the food of Asellus as decaying 

vegetable matter, a conclusion no doubt resulting from the 

observation that Asellus is most frequently associated ti-aith such 

material. A somewhat different viewpoint would seem to be held 

by Moon. He, in addition to noting that bacteria appears to form 

the diet of Acellus in water mains (see noted that in 

L. Vindermere "both species feed on the silt, fine debris and 

bacteria c6vering the stoner and leaves" (p. 120,1957o). 

b Microhabita. t, 

Two investigations were undertaken in order to determine 

whether there are any differences between A. s. quatieus and 

A. meridianus in their preference for various microhabitats, 

The first of these investigations involved the close observation, 

over a short period of time, of specimens of both species kept 

together in an aquarium in which there were several microhabitatc. 

This did not reveal any difference between the siecies in the 

extent to which they preferred any particular microhabitat. The 

second of the investigations involved the collection of small 

samples from various mierohabitats in two localities containing 

both species. These localities were Llyn Llywenan, Anglesey, 

and Hatchrnere, Cheshire. The samples from Llyn Llywenan were 
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collected on the 30th H . rch 1959; those from Hatchmare were 

collected on the 19th October 1959. Tv, vo additional samples 

were collected from Llyn Llywenan on the 7th 11ay 1960. The 

results are shown in the table on p. 6.11. It can be seen from 

this table that, although there are variations in the ratio of 

the two species from microhabitat to microhabitat, there would 

appear to have been no microhabitat which was exclusively 

dominated by either species. It must be concluded, therefore, 

that both the observations of the two species in the aquarium 

and the collection of samples from microhabitats in the field 

indicate that there are no marked differences in the microhabi- 

-tats of the two species. This conclusion is also supported by 

the fact that there was never any subjective indication of a 

specific difference in microhabitat in any of the several 
hundred localities from which collections were made during the 

present research. 

The work of Brundin (1949), Dunn(1952) and Noon (1957a) also 

would appear to indicate that there are no gross specific 

differences in microhabitat. Brandin collected a number of 

samples from various microhabitats in Lake Str8ken, Sweden, and 

in all of these except those from the profundal A. aauaticus 

was extremely abundant. Similarly, Dann (1952) noted that 

A. meridianus at Bala Lake occurred in all types of shore aqd 

could be collected throughout the year from under stones, 
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Tlicrohabitat 
Number of No, of specimens in each 

collections colleetioný 
A. aa+uaticus A. meridianus. 

Llyn Llgwenan 

Small stones and gravel 4 10 14 
beneath large boulders; 10 0 
exposed shore. 31 2 

d b 

Gravel and small stones; 5 21' 8 
no vegetation. 2 1 

12 5 
14 3 
23 9 

Littorella sward on small 4 22 43 
stones and gravel. 13 30 

135 116 
200 251 

Base of Phalaris stems. 4 19 38 
17 43 
90 56 

230 631 

Roots of T nha. 1 18 8 

Rotting vegetable debris 1 20 2 
amongst reed-bed. 

MIud. 2 8 4 
12 2 

Hatchmere 

Vegetable debris overlying 1 23 1 
sand; slightly exposed. 

Amongst reed-bed. 3 9 3 
30 4 

166 111 

Finely divided vegetable 3 7 1 
debris in sheltered region; 35 0 
no live vegetation. 26 4 

Footnote 1. These samples v ere collected on the 7th -Jay 1960. 
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detritus, plants and in mud. Noon (1957) concluded that there 

was no physical factor which differentiated the several hundred 

localities from which he collected either species in L. Windermere. 

c) Vertical Distribution. 

Detailed observations on the vertical distribution of 

A. aauaticus and A. meridienus have not been made during the 

prsent research; the pur lose of the present section is merely 

to brine together the rather scattered information already in 

existence concerning this topic, and to place on record the 

brief observations of the present research. 

Information concerning the vertical distribution of A. aquat- 

-icus has hitherto been presented by Wesenberg-Lund (1917), Berg 

(1938,1956), Brundin (1949), Weerekoon (1956) and Moon (19574; 

information concerning the vertical distribution of A. r. ridianus 

has been presented by Humphries (1936), Dunn (1952) and Moon 

(1957. ). Only Moon has considered the vertical distribution of 

the two species when they occur together. 

Wesenberg-Land (1917) found that in Fare Lake A. aquaticus 

was most abundant at depths of 4-5 metres, Berg(1938,1956) noted 

that whereas in Esrom Lake A. a uaticus extended from 0-17m., 

exhibiting two maxima, at depths of 2m. and 9m., in Lake Gribsý 

it Goas restricted to the first two metres of the lake bottom. 
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Brundin (1949) found that in Lake Innaren A. aauaticus extended 

from 0-18 m., but that most individuals were confined to depths 

of 0-3.5 in. He noted a single maximum occurring at about 1.5 in, 

Weerekoon (1956) noted that in Loch Lomond A. aauaticus occurred 

mainly from 0-4.0 in., the maximum numbers occurring between 

0.7 and 2.4 in, 

Humphries (1936) noted that in Lake Windermere A. meridicnus 

extended down to 3 in. l A similar result was recorded from Bale. 

Lake by Dunn (1952); she noted that there, also, A. meridianus 

extended down to only 3, m. Dunn noted in addition that the 

maximum numbers occurred at 2 in. 

Although from a consideration of the literature summarized 

above it would appear reasonable to conclude that both species 

are essentially littoral, 2 it is not possible to conclude that 

there is a clear specific difference in vertical distribution. 

Moon's work (195%), however, indicates that when the two species 

occur together there is a specific difference in vertical dist- 

ribution. He dealt with the vertical distribution of the two 

species in Lake Windermere, and concluded that within this lake 

although either species may dominate the shore above 2 m., 

A. meridianus appears to dominate the region below 2 m. He based 

Footnote 1; She did not record A. aguaticus from the lake. 

Footnote 2. The term littoral is used here sensu Odum (1959); 
viz., the shallow water region with light penetration to the bottom, and typically occupied by rooted plants. 
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this conclusion upon the results of a number of dredginýs below 

2 n., and upon a series of Bkman grabs made in a small sheltered 

bay, Ash Landing. At Ash Landing he found that A. aQuatious 

was the only species at a depth of 0.0,25 m, and was also most 

abundant at this death, but that at depths of about 2 m. 

A. meridianus was the most abundant s, oecies, He found that the 

lower limit for both species in this part of the lake was about 

4 m. Moon (19570 explained the specific difference in vertical 

distribution as the result of interspecific competition; "the 

suggestion is made that meridianns is more sublittoral than 

littoral, and unable to compete with aauaticus in the littoral 

region" (p. 123). 

Because of the great interest of Moon's findinr,; s, an attempt 

was made in April 1960 to verify them, and for this purpose a 

series of Ekman grabs were made at Mitchell Wyke, 1indermere, and 

once more at Ash Landing, Windermere. Mitchell WNyk: e was selected 

since there Boon had previously recorded both species from the 

littoral region. The number of specimens of both species in each 

grab and the depths at which the grabs were made are shown in the 

tables on p. , C. 15 . The tables show that at both positions the 

results differed markedly from the expected; not only would it 

appear that A. meridianus has almost completely disappeared at 

both positions, but it would appear also that A. aouaticus now 
has the same pattern of vertical distribution as that formerly 
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exhibited by A. meridianus, viz. a maximum at about 2 m. Thus, 

although of great interest in another respect (see p. ? "4- ), the 

results, unfortunately, provide no evidence concerning the valid- 

-ity of Noon's conclusion. 

A. A. acjuaticus 
It, A. meridienus 

Results of Bknan grabs at Ash Landing, April 1960. 

Depth in metres. 0.0 1.5 1.9 2.2 2.9 3.0 4.0 

No. of specimens 
A. 19 10 22 6 10 0 

11 0000000 

Results of Ekman grabs at Ifitchell W ke, April 1960. 

Depth in metres. 0.0 1.5 2.0 2.5 3.0 3.5 4.0 

Series 1. A 1 6 8 12 5 7 2 
ZI 0 0 0 0 0 0 0 

Series 2. A 1 14 17 0 - 0 0 
l 0 1 0 0 - 0 0 

Series 3. A 7 35 - 10 5 1 0 
lt 0 2 - 0 0 0 0 
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d) Tolerances. 

For groups of relcted and sympatric species whose popula- 

-tions inhabit discrete and relatively small localities, it is 

evident that the ability of each species to tolerate the environ- 

-mental stresses will be of great significance. This signific- 

-ance, moreover, relates not only to the environmental stresses 

within each locality, but also to those undergone during the 

actual dispersion; as both Skellam (1951) and Hutchinson (1951) 

have pointed out, the superiority in actual competition of one 

species over another may be completely counterbalanced by the 

inferiority in ability to disperse (but see p. 1.5). 

With regard to A. aauaticus and A. meridianus in partioular, 

it would seem that the most important environmental stresses are 

liltely to be low oxygen concentrations, high temperatures and 

dessication: it is felt that-a low oxygen concentration is 

probably a limiting factor in many organically polluted localit- 

-ies, and, in conjunction with high temperatures, in many other 

localities during the summer; dessiootion is regarded as an 

important environmental stress undergone during dispersal. 

1. Tolerance to high temperatures. 

A few authors have hitherto presented information concerning 

the ability of various species of Acellus to tolerate high 



6.17 

temperatures. Birstein (1951) noted that the upper temperature 

limit for A. aguaticus is about 28°C, and Holland (1956), also 

referring to this species, stated that it could be maintained 

in aquaria with temperatures of up to 28°C. Berner (1956), 

presumably referring to A. banyulensis, noted that temperatures 

of up to 280C or even more were tolerated. Extremely detailed 

observations on the tolerance of A. intermedius to high temper- 

-atures have been presented by Sprague (pers. comm.; 1959). 

He showed for this species that there was no indication of a 

persistent seasonal variation in the resistance to high temper- 

-ature, and that acclimatization only slightly increased the 

upper temperature limit. He recorded 34.600 as the highest 

temperature at which, following acclimatization, only 50 

mortality occured over tt 24 hour period of exposure. Nobody, 

however, has so far presented information concerning the 

tolerance of A. meridianus to high temperatures, and, therefore, 

to provide such information for this species, as well as for 

A. anuaticus, the following experiment was undertaken during 

May 19&0. 

Ten large specimens of both A. ür_uaticus and A. rneridienus 

were put in each of eleven large jars containing tap-water, 

a few elm leaves, a heater, a thermostat, a thermometer and an 

aerator. The water in each jar had been equilibrated to a 

certain constant temperature before the addition of the Aeellus, 
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and this constant temperature was maintained for the duration 

of the experiment: The specimens added euere selected regardless 

of their-sex, l 
and had been acclimatized to laboratory temp- 

-Bratures (18.2100) for at least one week before the commence- 

-ment of the experiment. They were allowed to remain in the 

jars for five days. After this interval the jars were emptied, 

and the number of survivors of both species was counted. The 

complete results are indicated in the table on p. 4.19. 

It can be seen from the tcble that under the conditions 

of the experiment there would a2oear to be no marked differences 

in tolerance to temperatures up to 2800, but that at 3000 

A. aquaticus is slightly more tolerant than is A. me ridianus. 

Both species are completely intolerant of a temperature of 

3200. Several criticisms can of course be raised against the 

extrapolation of these results to natural eonditionc, but, 

nevertheless, it seems not unreasonable to re,; ard them as 

providing an indication of the range of temperatures that can 

be tolerated for short periods under natural conditions by 

both species. 

2. Tolerance to lore concentrations of o. %y, en. 

Data within the papers of several authors in: licate that 

A. ac usticus can exist in waters containing only relatively 

Footnote 1. Fron a consideration of Sprague's wort it seems likely that in Asellus the resistance to high tem9eratures is the same in both . 
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A=A. aauaticus. 

i, i = A. meridianus. 

Temperature 2400 2600 2800 3000 320C 

Q 10 6 7 20 
Series 1. 

ICI 10 8 10 00 

_ 8 6 8- 
Series 2. 

TAI . - 7 6 3- 

A- 7 6 5- 
Series 3. 

U- 6 5 2- 

Table showing the number of survivors (out of 10 

specimens of each sneoiee) after exposure to 

various temperatures for five days, 
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1o11V concentrations of oxygen. Thus, Levanidov (1949; quoted 

in Birstein, 1951), citing 2: LudretSovoi, noted that A. aquaticus 

can survive for 22-48 hrs. without any oxygen at 16-20°0. 

Levanidov himself found that under natural conditions an oxygen 

concentration of 0.4 - 0.5 mg/L seems to be the lowest concen- 

-tration at which A. aauaticus occurs, Borg (1948) collected 

A. aauaticus from parts of the River Susaa which contained only 

2.7cc. /L, 2.3ec/L and 2.4co/L, and noted that these figures were 

equivalent to, respectively, 44j , 37 and 45o oxygen saturation. 

He did not, however, find any A. aauaticus in parts where the 

concentration of oxygen was 0.07 - 1.30c/L. Holland (1956), 

measuring the length of survival of A. aguaticus in sealed bottles 

which had various initial concentrations of oxygen, found that 

in bottles which originally contained 89j , 23o, and 0.2j oxygen 
'w"w 

A. aguaticus survived for, ' respectively, 7 days, 5 days and 24 hrc. 

Edwards (pers. comm.; in press) also has presented data 

which indicate that A. aguatieus can tolerate low concentrations 

of oxygen, and, moreover, he investigated not only the tolerance 

of this species, but also the tolerance of A. meridi-anus. 

Briefly, he found that both species behave in a similar manner 

in low concentrations of oxygen, and that the oxygen consumption 

of both remains at approximately the same level in varying 

concentrations of oxygen (i. e. both species possess what has been 
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termed a "regulatory" or "independant" type of respiration). 

Both species, he observed, maintain their independent respiration 

down to oxygen concentrations-of 1.5p. p. m. His findings, there- 

-fore, provide no support for the suggestion that the apparent 

absence of A. meridianus from organically polluted lotic habitats 

(see p. 1.15 ) is the result of its lower tolerance to low 

concentrations of oxygen, although, as Edwards points out, the 

effect of oxygen concentration on activity, growth, reproduction, 

etc. will need to be studied before any reliable ecological 

generalization concerning the influence of oxygen concentration 

can be made. At all events, in lenUo habitats of fairly low 

oxygen. concentrations there would appear to be no specific 

difference in distribution. This fact was revealed by a brief 

investigation of 8 Merseyside localities undertaken during March, 

1959. In this investigation, the concentration of oxygen was 

measured using a modification of Winkler's method (I. iackereth, 

1957). The results of the investigation are shown below: 

Position of locality Species of Asellus saturation of oxygen 

273903 A. aouaticus 16.0 
233890 A. aguaticus 15.0 
242885 A. aquaticus 12.7 
313853 A. a uaticus 24.0 
260861 A. meridianus 11.9 
276854 A. ineridianus 13.0 
302843 A. meridianus 13.3 
307850 A. aQu. 

_. 
aticus 8o 1310 

A. rneridianus 
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It ii: of interact at this point to compare Edward's 

observations with the üo:. evhct parallel observations of Berg. 

(1953) on Ancv1us fluviatilim (L'111. ) and äoroloxas lacustris 

(L. ). jheco c ý; oies occupy usually distinct habitats, and 

these h,, bitat3 differ ccri edle, in their oxygen concentrations; 

-. flavi: tiliu oec ales cell aerated streaas, and L. laeustris 

stagnant dater.. It had been 3u,;;, e3ted (see berg, 1953) that 

this ecological distribution spas the result of a difference in 

specific tolerances to low concentrations of oxygen. Berg, 

howevor, süoned that both species are extremely oinilcr in 

their oxygen requirements, and, therefore, such an explanation 

cannot be unreservedly accepted; as in the case of A. ecuaticus 

and L. meridienus it appears that factors other than a simple 

difference in tolerance to low concentrations of oxygen are 

responsible for the ecological distribution. 

3. Tolerance to dessication. 

sinne the dis2ercal of i.. aMnaticuc and A. meridianus from 

one 1oce. 1it3 to uuotuiar Will norm 11y involve the rezioval of 

specimens Profi water for voryin, 3 periods of time, it is evident 

that any rked specific difference in the extent to which 

deocicction is tolerated will bLva a significant affect upon 

the npecific dicper mi ability. In order to determine, there- 

-fore, Whether there is any ouch specific difference in toler- 

-once, the follo: rinZ; experiment was carried out during September 

1960. 
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. Into occh o: 2, bß "--J1 mastic dishes was placed a filter 

; aper n ict con1+etel7 cový: rod taa bot ton of tce dish. the 

disheu Lern then divided into Croups of ten, and into each dish 

of the Sirrt 14 o+ as nass ; laced a large unsexed specimen of 

"L ticýz s, cnl, uimilsrl, ', into each dish of the second 14 

roupu c .. arge ;: n e ed _ecw: »_n of !.. neridicnus. These specimens 

h~d been aco:. i::. tiscd to laboratory ten. 3er tuxes (18-21°C) for 

It leaut one ueei: before the coamancenent of the experiment. 

ih$3ý sere added to the dishes acing a bulb pipette and the 

ninszum mount of aster, and the exact time at which each specimen 

Uss added nec noted. hhe small amount of water used in the 

transference of the epecinens =as soon absorbed by the filter 

Asper in each. dich, and very quioIly evaporated leaving dry the 

filter paper end the s; ecinen of '. aellus. After a certain 

interval of time each soup of ten dishes was filled with water, 

and the O=ber of s-)acimens -j. -Lich then recovered noted. The 

interval of time for which each group of dishes was left dry, and 

the n aber of S eci=enc which did not recover are indicated in 

the table on p. Z. 

It can be peen frc^ the tsb1s that, lthakgh there would 

E; Uerr to be eoia o2ecific differences in tolerance, these are 

not uo r. ,. r4ed as to cu,;; est the t Chore is aö ocs specific 

difference in the ability to survive dessioction. 
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A=4. 
act1eticas 

L=A. rieridicnus 

Number of hours 
each group of 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 
d13t. es rei4ined 
dry. 

Number of dead 
epeciraens in A0000101022699 10 
ecch group of 
10 dishes, M11012125419776 

Table showing the number of deed snecimens 
ont of 10) of bot s )ecies after being out 

of ester for various periods of time. 
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e) Inyesti? sticns of loc&litieo ccntainin both one, or no 

arecies of Asellus. 

A number of investi. ations were undertaken in order to 

determine whether there are uny differences between localities 

Which contain both A. onnaticus and A. cleridianus, only A. acuat- 

-ions, only A. :: eridienus, or neither species. These investigat- 

-ions dealt With the differences in the main physical charac ter- 

-istics, the associated flora and fauna, and the concentrations 

of certain chemical solutes. 

1. Lain nhrsiccl characteristics. 

Throughout the present research notes were made of the size, 

substratum, estimated de nth and the rate of cater floe (if any) 

at all of the several hundred localities from which collections 

were made. The vast majority of these localities comprized pönds, 

-lakes or locülities where the vas only slowly flowing. The 

only conclaýion that can be reached from a study of the notes is 

that there :? oald never e'Dear to be any correlation between the 

main physical characteristics of a locality and the absence or 

presence of each species of Asellus; both species occur indiscrim- 

-inately in localities ranging from small ponds with a substratum 

of thick mud to large lakes with a substratum of stones and boulder 
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Thia concluuion is supported by a consideration of the papers 

of Darin (1952), ofeerekoon (1956), Loon (195%) and Tacker (1958). 

Thus, whereas Dann (1952) recorded A. nmeridianus fron the large 

oligotrophic lake, Llyn Tegid, '.,; eerekoon (1956) recorded 

A. nuaticus from the physically similar lake, Loch Lomond. 

Loon (19571), after en investi ction of 102 localities in the 

LRke District, concluded that "the occurrences of A. aquaticus 

and A. mrridirncü are sparse, and show no apparent correlation 

with any knocin physical or chemical factor of the environment" 

(p. 408). Tuci: er (1958) studied the physical characteristics of 

16 ponds, 6 of which contained A. neridianus, 2 A. acuatious, 

and 8 no Acelius. Thare is no correlation between any of the 

physical characteristics noted by Tucker and his recorded 

distribution of Asellus. 

2. Associated flora and fauna. 

Differences in the associated flora and fauna were investi at- 

-ed by a study of 20 localities on %ierseyside. The position of 

and the species of Asellus at each of these localities are 

indicated below: 

Localities containing only P. ac, uaticus. 

109/279650 (Buckley Lake) 
109/455859 
109/325814 
109/233890 
109/330810 
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Localities containing only A. meridienTS. 

109/278620 (Fades: ood Late) 
109%322814 
109/258860 
109/2e0861 
109/320830 
109/325804 
109/460843 
109/321804 

Localities containing both A. aguaticus and A. meridianus. 

109/553722 (Hatchmere) 
109/418889 
109/462853 
109/320793 

Localities containing neither species of Asellus. 

109/1575675 (0 rmere) 
109%322814 
109/250877 

All of these localities are lentic and most of those without 

names are small eutrophic ponds. At each locality the absence or 

presence of Asellus, and the species of Asellus were determined 

from numerous samples collected at various points on the periphery. 

In most cases these samples were collected on more than one occas- 

-sion. 

Only brief notes of the associated flora were made, and 

these referred to only the more common macrophytic species. The 

following species were noted in some localities oonteining both 
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species of Asellus, in some localities containing only 

A. 
_ cq aticus, and in some localities containing only A. ceridinnns, 

Lemna minor 
L. tri-su ca 
Care : sp. 
Jancus spp. 
6carganium sp. 
Glyceria sp. 

Iris sp, 
ypha latifolia 

Phraamites communis 
allitriehe sy p. 
otamogeton spp. 

Elodea canadensis 
1cuisetum sp. 
iryma sp. 

The following species were recorded fron localities 

containing no Asellus: 

Lemnor minor 
L. trisulea 
Care spp. 

uuncus sp. 
ii ttorella Uniflora 

Only one species, UUUrion hyllum sp., was found restricted to 

localities containing only A. acuatieus; and only one species, 

Phalaris arundinacea, was found restricted to localities 

containing only A. meridianus. Littorella uniflora was recorded 

from two localities, one of which contained both species of 

Asellus, and the other no Asellus. ido species tigere found 

restricted to localities containing both species of Asellus, or 
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to localities containing no Asellus. 

Both L1 rrionhyllurn sp. and Phalaris erundinacea are present 

at Llyn Llywenan, and it is thus evident that these species 

cannot be considered as differentiating localities, containing, 

respectively, only A. aouaticus, and only A. meridianus. 

Similarly, Littorella uniflora is present elsewhere in Britain 

in localities containing only A. acuaticus or only A. meridianus 

(e. g. in Bassenthwaite which contains only A. meridienus and in 

Loch Lomond which contains only A. aauatieus). It would appear, 

therefore, that as far as the more common macrophytes are 

concerned there are no constant specific differences between 

localities containing both species of Asellus, or only one or 

other of the species. It would appear, however, that fewer 

species of macroihytes are present in localities which contain 

no Asellus. 

On oa esC41 , 
e4-2 and 6-43 are presented lists of the associated 

macroscopic fauna recorded from the 20 localities iuvesti"r, ated, 

The s-Decies have been grouped into four lists, each list showing 

the species recorded from some of the localities containing, 

res, Dectively, only A. agaaticus, only A. meridianus, both species 

of Asellus, and no Asellus. The lists were compiled from a 

single series of samples collected on the 27th July, 1960. 
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By extrapolation from these lists it can be seen that, 

aithou h no sriecies were restricted to localities in weich 

Asellus was absent, a nunber of species were found restricted 

to localities containing only A. c. ruaticus, to localities 

containing only A. ceridianus, or to localities containing both 

s>>ecies of Asellus. For convenience, these species are indicate8 

in the table below: 

Species restricted to localities containing: 

only only both A. a®ueticus 
A. aauaticus A. r, eridicnus and A. meridianus 

Dendrocoelam lecteum 
Daemon is sený=uisurra 

-*Anodonta cymnaea 
Theror2s7zon tes, a1atwn 
Pla-norbis comolanstus 
Corixa. fos Fararn 

1yocori ciriicoides 
e+otoeeridae 

Tab an id e 
Hhdroporus sp; 
Hy : gin-Cdru-- ovatus 

Physa fontinalis Plc. norbis carinatus 
Planorbis laevis 0orixa rsoesta 
I: urycercas lamellatus 'lanyaodina. e 
T; eriurelle 2icteti 1 ot erue Sn. 
Cori = -rraeuý; ta Gyrinus s; 2. 
C. sahiber-i D tiscus sp. 
Sericostoraatidae C, -; ýrinus b, 
Orthocladiinae 

*-Helodidae 
4I ygrobia hermanni 

Most of the above species, however, cannot be rewarded as 

peculiar to onl, 7 those localities containing the species of 
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Asellus indicated, *for an examination of the literature and other 

records reveals that i ost can occur with both syjecies of Asellus, 

The papers of Hum. Lrie s (1936) 
j Pyefinch (1937), Macan (1949), 

Dunn (1952) 
, 

Ms can Land (1954), eereý: oon (1956), Hynes (? 957) 

and Tucker (1959) have been most useful in this connection. 

The exceptions are marl: ed in the table by an asterisk; for these 

species Ih ve been unable to bbtain from the literature or other 

sources any records of an association with Asellus, It can be 

seen that the exceptions com: )rize five species, three peculiar to 

localities containing only A. aquaticus and two peculiar to 

localities containinL- only A. meridianus. But, it is difficult 

to see hov these s ýecies are correlated with the absence or 

presence of the relevant species of Asellus, for all were scarce 

and each occurred in only one pond. It seems probable, in fact, 

that there is no correlation, the association being merely the 

result of chance. The conclusion follows, therefore, that as far 

as the macroscopic species of associated fauna are concerned 

there would appear to be no consistent differences between 

localities containing both species of Asellus, or only one or other 

of the species. Some correlation, nevertheless, would seem to exist 

between the number of associated species and the absence or presence 

of Asellus; it appears that localities containing Asellus differ 

from those in which it is absent in that they contain a wider 

variety of associated animals. 

Using the papers indicated in the preceding paragraph, and a 
fen others, it is possible to prepare extremely long lists of the 
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associated fauna and flora recorded from localities containing 

both s_Ueeies ofrAsellus, only one or other of the species, or no 

Asel'! us. Most of the associated spe Gies are com-mon to all of the 

four sorts of locality, although a fei are apparently more 

restricted. Hocaever, as before, it is difficult to see how the 

restrictions ae correlated with the absence or presence of Aseliusti 

and it seeds trobable, in fact, that there is no causal correlation. 

The study of the literature indicates also that the number of 

assooisted species of animals and plants in localities contsining 

no Asellus (and vhich could appear suitable) is only slightly less 

than in the localities containing Asellus; in Mal am tarn, for 

example, vvhici contains no Acellus, there is an extremely rich 

and abundant flora and fauna (see Holmes, 1956), 

Thus, from a consideration of both the investi-Tßtion of the 

20 2 ersev side localities and the literatuare, it seems not zznresson- 

-able to conciüde that there are no marked differences in the 

associated flora and fauna betvieen localities containing both 

species of Asellus or only one or other of the sý2ecies, and that 

localitie3 containin, no Asellus are perhaps distin uished by the 

S roller : webers of associeted s:, ecies -)resent. 

3. Concentrations of certain solutes. 

Dari nC the invests -ctions of the chemic T_ differences between 

vario laceiitie 
, F.. t r «i . 

iss were swbýected to uc. 1 1s for 
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eight major solutes. Seven of these were inorganic, and 

cornprized bicarbonate, sulphate, chloride, magnesium, calc . uci, 

sodium and potassium ions; the eighth was dissolved organic 

matter. All :, iater saples were collected in 1500 ml. polythene 

bottle;, and were obteined by wading out as far as possible, 

and drawing water into the bottle from about one foot beneath 

the surface. Each sample was ccnaii yyS ed as soon as possible after 

collection; in most cases the analyses were made the day after 

collection. Before analysis all samples were filtered. The conc- 

-entrations of the solutes were obtained as follows: 

Bicarbonate ; by titration against a standard solution of 

Hydrochloric acid (1Sokereth, 1957); and also 

by subtraction of the aura of the ionic concen- 

-trations of sulphate and chloride from the 

total ionic concentration. 

Sulphate & Chloride by ion-exchange prodcedures as described 

by Uackereth (1955,1955a), but employing a 

sox e:; hat modified apparatus and technique. The 

ionic concentrations in the final effluents from 

the resin columns were estimated using a conduc- 

-tivity meter and a prepared calibration chart. 

No corrections were made for the variations in 

the temperature. 
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ITaynecium & Calciur, ; by titration with standard sodium 

versenate solution (Heron & Mackereth, 1955). 

Sodium & Potassium ; by flame photometer (I ackereth, 1957). 

Dissolved or'anic matter ; by reduction using potassium perm- 

-an'enate. The results ere expressed as the 

amount of oxygen obsorbed in m /L. under the exneri- 

-! intol conditions described by Liackereth (1957, p. 28). 

Using the analytical methods indicoted above, the chemical 

composition of water samples from 19 localities on Merseyside 

was determined. Six of these localities contained only A. acquat- 

-i ,8 only A. meridienus, 1 both species, and 4 no J sellus. 

The cater seniles were collected during Larch 1959. The results 

of the analyses, and the position of each locality and the species 

of Asellus contained (if any) are shown in the table on p. 6. ß. 

Further information concerning the chemical differences 

between localities containing both, only one, or no species of 

Asel? ng-, and involving all seven of the principal inorganic ions, 

has been obtained from two major sources; information has been 

obtained by determining the species of, or the absence of 

Aselins, in a number of Shropshire and Cheshire meres for which 

full chemical analyses were alreedy available (Gorham 1957,1957a) 

and information has been obtained by combining the results of 
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Loon's investi ations of the distribution of Acellus in the Lake 

District with the results of fall chemical analyses of the 

localities visited by hin. These analyses were provided-by the 

Mr. J. F. H. 'ackereth (pers. comm. ). Minor sources of information 

include the analyses of water samples from Bala Lake (Ball 1957), 

Llyn Idwal and Llywenan, and Buckley and Pudesrmood Lakes. All 

the further infromation is collected together and sho'Vn in the 

table on pa, 3es 6.45,6.46. The species of Asellus or their absence 

at each locclit,; ey is also shown in the tables. 

It is conarent from an examination of these tables that there 

are no consistent differences between localities which contain 

both species of Asehus, or only one or other of the species. Thus, 

neither the range of concentration of any one solute, nor the 

ratios of the concentrations of various ions to each other, serve 

to distinguish localities containing only A. acnaticus, only A. mer_ 

-idi`, or both s)ecies. But, there would appear to be some 

distinction in ionic composition between localities containing 

Asellus and those in which it is absent. This distinction is 

most obvious when the concentrations of calcium and total ions 

are considered. Thus, referring to the scatter diagrams (pages 

0ß9 and G. So which show for two separate areas the relationship 

betr; een the occurrence of Asellua and the concentrations of 

calcium and total ions, it can be seen that alliooalities 

containing no Aselius are characterized by their restriction to 



6.37 

those parts of the scatter dicgrc. ns indicating low concentations 

of calcium and total ions. 

This phenomenon is plainly in sup_rort of the hypothesis 

recently advanced by Reynoldson (pers. co=,; in press) that the 

occurrence of . "%cellns is correlated with the concentrations of 

calcium end total dissolved matter (hereafter r. D. IL). 

Reinoldson based his hypothesis upon an investigation of 

65 localities located in areas in mid-Scotland, the Lake District, 

11ortharn Ireland, Anglesey and North Vales. Briefly, he suggested 

that in localities containing more than 0.625 neq. /L. of calcium 

and 110 r : 3/L, of T. D. M. Aselius vas usually present; that in 

localities containing 0.35 - 0.65 meq. /L, of calcium and 70 - 110 

Wg/L, of T. D. U. Asellus was either present or absent; and that 

in localities containing less than 0.25 me q. /L. of calcium and 

70 c; /L, of T. D. 11. Asellus vas usually absent. A summary of his 

data is produced below: 

Concentration of calcium: 

Iro. of localities concentration of calcium Aseltns pre.,, ent a ýýý: a saut 

26 4 >0.625 neq. fL. 

560.35-0.625 zaeq. /L. 

2 22 (0.25 --eq. 
/L. 
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Concentration of T. D. ii. 

110. of loci.? i ties 
Ace1 can nre ec ,..: e u: absent Concen 

26 4 >110 
5 70-110 
0 20 - <70 

tration of T. D. M. 

/L. 

MIS /L. 

ma/L. 

Reynoldson subjected his de try to statistical tests of 

significance; he found that both sets of data were highly 

significant, i. e. there vsc a distinct correlation betv,, een the 

concentrations of both calcium and T. D. U. end the absence or 

Presence of Ace11'n, in addition, he noted that his hypothesis 

Etas also supported by a statistical analysis of the data of Moon 

(19574) referrin; to the Lake district, the dc. ta of I aca. n and 

Lund (1954) ref. rrin: to a nu. r er of Irish Lakes, and the data 

of Tucker (195a) referrin,; to a number of ponds in southern 

En;; lnnd. 

NO support for Reynoldson's hypothesis, hovever, is given 

by the results of an investication of the concentration of calcium 

in 67 localities in L: eus of Scotland outside that previou. -, ly 

considered by Reynoldson, But these resbits are not re girded as ý.. 
invslidatiný; Reynoldson's conclusions; it is suggested that the 

inco. 2lete dis, )ereci of Asellus in Scotland (see p. 3.31) coupled 

'Oith the remote position of ciany of the localities investigated 
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is rectors^ible for the fact that Asellus is absent from many 

localities containinJ more than 0.625 mec.. %L. of colciuml, whilst, 

on the other hand, special circumstances ex-olain the presence of 

Acellus in localities containing less than 0.25 meq. /L, of calcium. 

The inror-mation concerning the calcium concentration and-the 

occurrence of Asell"g- in 37 of the localities was obtained during 

hay, 1959, and is shown in tabular form on p. W1,49; the similar 

information for the remaining 30 localities has been provided by 

Reinoldson (pers. coma. ), and is summarized below: 

No, of localities 
Accellus present Aspi7-gis absent Concentretion of calcium 

5 14 < 0.25 neq. /L. 

1 10 >0.25 meq. /L. 

It can be seen fror the above table and the table on p. 6.4-8 

that AselIns was found in 5 localities containing less than 0.25 

met,. /L. of celcium. It is su,,, ©ested, however, that these occurr- 

-ences do not provide valid exceptions to Reynoldson's hypothesis, 

for four of the localities were large, a characteristic which is 

'enerally re, _arded (see, for exarn,, le, I. Macun, 1950) as compensating 

for low calcium concentrations, whilst the renainin 

Footnote 1. Reynoldson himself invoked this explanation to 
ewplain the absence of Ace11as from 11 localities on Islay 
containing more than 0.626 mecj. /L. of calcium (cheaical data 
in'ReZnoldson, 1958). 
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one was unusual in that it contained a high concentration of 

magnesium (0.51 meal. /L. ). 

If the suggested explanations concerning the occurrences 

of Asellus are accepted, it seems not unreasonable to conclude 

that for areas which have been subject to colonization by Asellus 

for some time there is, in fact, a correlation between the 

occurrence of Asellus and the concentration of calcium. But 

even in these areas there would seem to be a number of factors 

w hibh have a modifying affect upon the correlation. Such factors 

probably include altitude, the size of the locality, the amount 

of vegetable debris present, etc. Thus, Jerhnfelt (Reynoldson, 

in press, in discuss. ), for example, noted that in Finland 

A. anuaticus is abundant, and yet the concentration of calcium in 

Finnish localities seldom reaches 0.25 meq. /L. Similarly, Tucker 

noted that the thresh-hold for calcium as higher for Asellus when 

decomposing vegetable matter was abundant. 

It is perhaps of interest at this point to note that SoYUbskLL 

(1929: quoted by Birstein, 1951) published a quantitative class- 

-ification of habitats which related the abundace. of A. aquaticus 

to the productivity of the locality. He stated that A. acguaticus 

was most abundant in habitats which were "oli; otrophie with features 

of eutrophy", and least abundant in habitats which were dystrophic. 

However, as Birstein (1951) pointed out, the applicability of the 

classification is limited; in Karelia, for instance, A. agaticas 
is most abundant in dystrophic lakes. 
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Associated fauna 

From localities containins only J. aCuaticus : 

Dendrocoelurn lacteum {Müll. 
Polticelis sp. 
Stylaria lacustris 
I'ubif'icidae 
other oligochaetes 
Haemopis san uisup^a 
Glossosinhonia comnianata 
Helobdella stacnalis 
Brpobdella sp. 

ýThý_eromyzon 
tessulatum 

iZ mnaea pereger 
L. sta., rnalis L. 
Planorbis vortex L. 

. albus 
P. comolanatus 

ydrobia jenkinsi 
Bithynia tentaculata 
Pisidiurn sp. 

phaerium sp. 
Anodonta cynaea L. 
8imoce, ohalus vetulus (1,2111. 
Cope oda 
Ostracoda 
Gammarus pulex 
G. lacustris 

yddracarinr 
C&enis sp. 

O'i1oeon sp. 
IschnnrO ele. _�ans 
Corixa dorsalis 
0. falieni 
0. fossaram 
C. panctata 
0. linne (Fieb. ) 
Jotonecta glauca 

IJepa cinerea 
Ilyocoris cimicoides (L. ) 
Gerris spp. 
Limnophilidae 
Polycentropidae 
P hrygane i dae 
Leptoceridae 
Sialis lutaria 
Lristalis sn. 
Chironominae 
Anopheles sp. 
. 'ab an id ae 
Tipulidae 
Ptichoteru sp. 
Halsplus sp. 
HS. 1doporus sp. 
Il bins spo 
fy uh jdrus 'ovatus L. 
Gasterosteus sp. 



6.42 

Associated fauna : 

From localities containing only A. mcridicnus : 

Polycelis sp. 
Stj1aria lacustris 
Tubificidae 
other oli; ochaetes 
Glossosiýhonia complanata 
Helobdella stagnalis 
ir obdella sp. 
Ylanorbis alb us 
P. laevis Alder 
Limnaea pere: aer 

h sa fontinalis 
H drobia jenldinsi 
Pisidium sq. 
3- haerium so. 
l: urvicercus lamellatus (MUll. 
Cope ooda 
Ostracoda 
Gammarus puler 
Hydracarina 
Argyroneta aquatica 
Caenis sp. 
Chloeon so, 
1Deemurella nicteti 
Ischnura ele; rans 

Ile-Ca cinerea 
Cori .a uraeusta 
0. fallen i 
0, sahlbergi (Fieb. ) 
1 otonecta glýauca 
Gerris sop. 
Limnophilidae 
Polycentropidae 
Sericostomatidae 
Phryganeidae 
Sialis lutaria 
Orthooladi nae 
Chironominae 
Anopheles sp. 
Corethra ep. 

tYchoptera sp. 
alin1us sp. 

Helodidae 
Lacconhilus sp. 
Ili robin hermanni F. 

lybius sp. 
Nymphula sp. 
Gasterosteus aculeatus 
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AUsociateä fauna 

{ 

From localities containing both A. anuaticus and A. tneridianus 

Polycelis sp. 
oligochaetes 
Erpobdella sp. 
Glossosinhonia complanata 
Helobdella sta: ýnalis 
Lirrnaea p, )ere=gar 

sta; rnalis 
Planorbis vortex 

. carinatus 
Bithynia tentaculata 

idium -sip. 
üphaeriuin sn. 

imocephalus vetulus 
0opepoda 
Ostracoda 
Garnmarus puler 
G. lacustris 
Hydracarina 
Ar, Mvroneta ac: uatica 
Chloeon sp, 

eonhlebia sp. 
Nena cinerea 

, otonecta glauca. 

Corixa linnei 
C. dorsalis 
0. falleni 
0. panctcita 
0. moesta 
Gerris sye. 

imnophilidae 
Phry; aneidae 
Polycentropidae 
T: iolanna so. 
Sialis lutaria 
Chironominae 
Tan, podinae 
Anopheles sp. 
1'`ristulis sp. 
Tipulidae 
Laccophilas sp. 
G rims sj. 
10oterus sp. 
Tdyni? ýhüla sp. 
Oyprinus sl). 
Gasterosteus aculeatus 

From localities with no Asellus : 

0ligochnetes 
Theromt7zon tessulatum 
Lrpobdella 

-ereer 
äohaerium sp. 
Coýýepoda 
Hycracri nn 
A_r vroneta ariuatica 

I, entophlebia e». 
Tdemurella pioteti 
'orixa nraeusta 
olanna sp. 

3ialia 1uturia 
Chironominoe 
EristaliG sp. 
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Table siiowin the relütionaliipp between the occizrrence of 

Asellus and the concentration of calcium for e number of 

Scottish localities. (Data collected during Hay, 1959). 

A A. 
_ aouaticus 

11 = A. rleridianue 

Locality SO. 'of ' 
Asellus 

Conc. of Ca 

Garnkirk Sta. A. 
_ 

6.24 

Gartman Damn 0 3.31 

Gordonstoun pond 11 3.13 

Hirsel Loch 2.85 

Curlingsna. rk Loch li 2.34 

Yetholnl Loch 0 2.26 

': 7illiestrt.? ther Loch 0 2.25 

`7oodend Loch A 2.10 

Sheriffside Loch 0 2.06 

Pond nr. Witton L, 0 2,05 

Cuilc Brae A 2.00 

Auchenreoch Loch 0 1.90 

Black Loch 0 1.70 

Loch Lindores 0 1.42 

Loch Na Bo 0 1.35 

`. 'itton Loch 0 1.20 

Horslaw Loch 0 1.17 

Loriston Loch 1! 1.10 
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Table continued...... 

Locality sP. of 
A ellus 

Conc. of Ca 
(mecy. /L. 

Pond nr. Dou;; las 0 1.05 

River Tweed nr. Peebles A 1.01 

Iirk Loch 0 0.99 

Castle Loch 0 0.95 

Pond nr. Dal". 11 0163 

Pond nr. Innerleithen A 0.59 

Pond nr. Peebles TAI 0,52 

ti tare Dam 0,50 

St. Iiory's Loch N 0.49 

Loch na Ba Ruidhe 0- 0.46 

Loch of Lowes 0 0.43 

Loch Dog 0 0.43 

River Falloch 

- 

A 0.27 

-------------- 
Loch Ness 

-------- 
A 

-------- 
0.18 

Loch Ken N 0.15 

Loch Lomond A 0.14 

Loch Oich A 0.12 

Loch Achtriochatan 0 0.10 

L'Na Achlaise 0 0.08 

Loch Muck 0 0.07 
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10.0 Scatter diagram shoving the relationship between the 

occurrence of A. acuaticus and A. meridianus, and the 

9.0 concentration of calcium and total ions in a number of 

localities on Merseyside, Cheshire, Shropshire and TN. Vales. 

8.0 

a uaticus and A. meridisnus 
" A. aquatious 

%0 Xc A. mere anus 
0 Asellus absent 

6.0 
Cone. " 

of 
total X" 
salts 

5,0- 

4.0- 

310- x 
" 

XX 2.0 

CPI 

1.0- 

0" 0010 
1.0 2.0 3.0 4.0 5.0 

Cone. of calcium 

all cones, in meqJL. ) 
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Scatter diaý, ram shorain the relationship between the 

Occurrence of A. acjuatio s and A. reridienus, and the 

concentration of calcium and total ions in a number of 

localities in the Lake District. 
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IPTT SPSCIFIC CCTIP TITION 

It lies already been seen that a study of the eo raphical 

distribution of A. aou. aticus and A. meridianus su, ý, ests thst 

these species are in competition (chapter 1MI), However, as 

previous? y noted (p. 3.36 ), such Q"eo raphical evidence is only 

indirect, and further evidence is necessary before inters? ecific 

competition can be reSarded with certainty as an actual and 

extant process. A number of investigations, therefore, were 

undertaken in an attempt to provide this further information, 

and these comprized both field and laboratory invesluigations. 

1. Field investi ations. 

(a). The distribution of Asellus on Merseyside. 

Several authors (e. g. Gurney, 1904; Elton, 1927,1929; Carl, 

1940; Thienemann, 1950) have postulated competitive relationships 

amongst various roups of species on the basis of specific 

differences in local distribution. The most detailed work is 

perhaps that of Carl (1940), who studied the distribution in 

British Columbia of a number of species of various zenera of 

Cladocera and free-living Copepoda. He found that in most cases 

the oercenta, 7e of localities containing more than one s. fecies of 

a genus was extremely loco, and concluded that this phenomenon 

resulted from interspecific competition; "it a, opears that the 
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Fi;. 27 The distribution of Asellus 

on Merseyside and in 

üdjoining areas 

0 Key: 

" localities containing only A. agiaticus 

localities containin; only A. neridienus 

x localities containing both species of Asellus 

o localities containing no Acellus 
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different genera occupy different "niches" within the association 

and vvhen these "niches" fare occu2ied by one s-? ecies others are 

prevented fron becoming establisned" (p. 97-98). 

Ft . 27 , p. 7.2 shov's the details of the distribution of 

A. anuaticas and A. rzeridianus on Merseyside, onc? is based upon 

collections from 115 localities. At each locality collections 

were made from at least three points on the periphery, on one 

occasion, but many of the localities were visited on a nu: _ilcer 

of occasions and numerous collections v. ýere tskken. 

It can be seen from the map that 36 of the localities 

cont4in only A. aoueticus, 45 only A. r_ieridienus, 18 both species, 

and 16 no Acellus. In order to determine whether such a pettern 

of distribution cot, lC, hsve arisen by chance (i. e. if the distrib- 

-cations of the s, ecies were r ndom with resý)sct to each other), 

these figures were analysed statistically. The statistical 

analysis revealed that it is extremely unlikely that the observed 

. attern of distribution has arisen by chance, and it must be 

concluded, therefore, that in some r.. o. nner populations of the two 

species intersct. The analysis cannot of course supply any 

informstion concerning the nsture of this interaction; it 

indicates merely that the nercenta e of uni-specific locci i ties is 

hither than erected if it is assumed that the -gresence of one 

species has no affect upon the presence of the other. 
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The statisticol analysis involved the use of a2X2 

contingency table and a chi-squared test: 

present 

A. rieridianus absent 

total 

'x2 = 18.9 

cniith 1 d. f. P= <0.001. 

A. aguaticus 

present absent total 

18 45 63 

36 16 52 

54 61 115 

(b). The distribution of Asellus in Lake Windermere 

1Toon (1934) in 1932 and Humpries (1936) in 1934 found only 

A. meridianus in Lake Windermere. Moon (1957%) 
, however, during the 

nine years prior to 1957, found that both species were present, and, 

on the basis of a detailed survey of their relative distributions 

in the lake, suggested that A. meridianus vas the older inhabitant 

of the trio, and was in competition with and being replaced by 

A. cauaticus. 

In order to examine Hoon's suggestion and to determine c. hether 

there had been any change in the relative distribution of the two 

species since his survey, a partial resurvey was underaken daring 

April 1960, when the distribution of the two species on the central 

islands and on the Nestern shore of the northern end of the 

lake was investigated. Daring this resurvey a total of G2 
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shore collections and 30 collections from deeper vvater were made, 

all of which corresi? onded exactly in position with stations 

previously investigated by Moon; the loan of the original data 

and 6" maps, and the communication of much unpublished information 

by Professor Moon proved especially useful in this connection. 

The shore collections were made using a stramin hand-net in a 

similar manner to that described on p. 3-3 and also employed by 

Moon (195 :, p. 113)_; the collections from deeper water were made 

using an Ekman trab of 0.23 Sq. it. 'grab-area'. 

Excel t for two collections, the results of the collections 

using the Elan grab have already been presented (p. b. ss ); the 

results of the shore collections are sarnraarizod in the table below: 

The-no. of otatious at which both, only 
one, or no s )eoies of Asellus were 
recorded in 1960. 

A& MAM0 totals 

The no, of stations A& 11 0 10 06 16 
at thi ch both, only 
one, or no species, A060S 14 
of Asellus were re- 
-corded during the m0 20 04 24 
period 1947-1956, 

00107a 

totals 0 37 0 25 62 

A= Stations at which only A. aguaticus was collected. 
U= Stations at which only A. meridianus was collected. 

A& II Stations at which both species were collected. 
0 Stations at which no Asellus was collected. 
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The first of the tvo extra collections using the Ekman 

grab wes made just south of Rou; h Holme at a depth of two 

mnetres. when 32 specimens of A. aa. uaticus and one of A. meridianus 

were token; the second. eras made -west of Thompson's Holme at a 

depth of 3 metres, when 5 specimens of A. aauoticus were taken. 

The results of both the shore collections and the collections 

from deeper water are shown also in map form in fig. Z. 9, p. 7.7, which 

compares the distribution of the two species as recorded by 

Moon (nap (a) ), and as recorded in 1960 (map (b) ). 

It is clear from an examination of the results that, at 

least in the area resurveyed, A. meridianus would seem to have 

almost completely disappeared, its place having been taken by 

A. acuaticus. Thus, considering only the shore collections, it 

can be seen from the table (p. 7.5) that in April 1960 A. meridi_ 

-anus was never collected at any of the 30 stations cohere Moon 

had previously collected either both species or only A. meridianus. 

Similarly, considering the results of the collections from 

deeper water, it can be seen that, although A. meridianus is 

still present, A. aruaticus is now the dominant species at all 

levels. 

It crust be concluded, therefore, that, since there is no 

reason to suspect that the disappearance of A. meridianus is not 

causatlr related to the -presence of A. Qquatißas or restricted 
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Fig. 28 The distribution of Asellus in Lake Vlindermere. 

(a) as recorded by Moon (1957a) for the period 1947-56, 

(b) as recorded in April 1960. 

Note: 
The positions at which collections are indicated 
are identical in both naps. 

Key: 
Positions at which only A. acuaticus 
gas collected 

Positions at which only A. reridianus 
was collected 

Positions at which both species 
were collected 

o Positions at which no Asellns 
was collected. 



(a) (b) 
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to only that part of the lake surveyedri the investigation 

completely sup_oorts Moon's suggestion, and the tentative conclus- 

ions advanced from the study of the geographical distribution 

of the two species. 

(c). The temparcl change in the specific ratio in localities 

containin. both species of Asellus. 

Fi . 29 , p. q. 9'shovs 
, 
the change in the numerical ratio of 

A. ac7uaticus and A. meridianus at Llyn Llywenan, Anglesey, over 

a 10 year interval of time. This figure is based upon information 

which has been obtained from a number of sources: the information 

for 1950 and 1953 has been obtained from samples collected by 

Dr, H. B. N. Hynes and now in the possession of Prof. H. P. Moon 

(information communicated privately by Prof. Moon); the 

information for 1957 and 1958 has been obtained from semplesl 

collected by Dr. Hynes and analysed during the present research; 

and the information for 1959 and 1960 has been obtained from 

samples collected personally. All the samples were obtained from 

the northern end of the lake where the road is immediately adjacent 

to the shore-line. In all samples, the specimens of Ash 

were separated from the ve e -&ble and other debris by hand sorting. 

Footnote 1. These samples were used also to provide information 
concerning the life-history of the two sApecies (see 9,4.35 ) 
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0 A. acjuaticus 

x A. 2eridianus 
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60 
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Tine in years. Logarithmic scale 

Fir,. 29 Diagram showing the change in the ratio of 

A. - aguaticus and A. meridianus at Llyn Llywenan 

over a ten year interval (1950 .- 1960); the ratios 

are expressed as specific percentages of the total 

population of Aoellus. 
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The details of the data upon which the fi6rare is based are 

shown in the table below: 

Date of sampling A. meridianus 
IT o. ý0 

A. acuaticus 
l o`1. 

Total no. 
in sample 

6th Jan. 1950 7 100 0 0 7 
10th Oct. 1953 50 96 2 4 52 
10th Oct. 1957 297 82 65 18 362 
12th Dec. 1957 234 73 85 27 319 
21st. Feb. 1958 212 68 100 32 312 
17th April. 1958 174 58 129 48 303 
30th June. 1958 263 55 212 45 475 
21st Sept. 1958 115 76 37 24 154 
31st Mar. 1959 56 38 90 62 146 

7th May. 1960 63 22 230 78 293 

It can be seen from the ebove table that, as only 7 specimens 

of Asellus were present in the 1950 sample, it is not certain that 

A. meridianus was the only species occurring at Llyn Llyrwenan at 

that time. Nevertheless, the table and the figure clearly indicate 

that there has been an obvious change in the specific ratio over 

the past 10 years such that A. aquätieus is now the predominatt 

species whereas formerly A. meridianus predominated. Since there 

has been no marked apparent change in either the total abundance 

of Asellus from at least 1957, or the condition of the lake during 

the periods 1950-1957 (Hynes; pers. comm. ) and 1958-1960, it seems 

reasonable to conclude that the most likely explanation for this 

decline in the proportion of A. meridianus involves the relationship 
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between this species and A. aquaticus. It seems, in fact, 

that the situation parallels that suggested for Lake Windermere; 

A. meridianus is the older inhabitant of Llyn tlywenan, and is 

now in conpetition with and being replaced by A. aauaticus. 

Apart from indicating an overall decline in the proportion 

of A. meridianus at Llyn Llywenan, fig. 2,9 indicates also that 

over short periods of time it would seem that reversals occur 

in the , eieral direction of the change in the specific ratios. 

Thus, it can be seen that in the latter half of 1958 there was 

a marked apparent increase in the proportion of A. meridienus, 

and, correspondingly, a marked decline in the proportion of 

A. aouaticus. This suggested at first that there might be a 

seasonal rhythm of change in the specific ratios such that 

during the earlier part of the year A. acinaticus was favoured 

whilst during the later part of the year A. meridianus was 

favoured. To investigate this suggestion, the specific ratios 

were determined in a number of regular samples from (a) a diff- 

-erent part of Llyn Llywenen, viz., about mid-way along the 

western shore, and (b) Hatchmere, Cheshire. The additional 

samples from Llyn Llywenan were collected between Oct. 1957 and 

Sept. 1958, and, as before, were obtained bq Dr. H. B. N. Hynes; 

the oanpies from Hatchmere were collected from the northern end 

of the lake at irregualr intervals between June 1959 and July 
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1960, and were partly obtained during the study of the life- 

-cycle of Asellus (see p. %. ZQ. The detailed results of the 

determinations are presented in the tables below and in fig. 

30P. 1.11 . 
Date of sampling A. meridianus 

I; o. 
A. aquaticus 
No. Ci" 

Total ITo. 
in sample 

Llyn Llywenan (viestern' shore) 

10th Oct. 1957 64 38 106 62 170 
12th Dec. 1957 16 11 127 89 143 
21st Feb. 1958 31 12 237 88 268 

. 17th April. 1958 162 34 309 66 471 
30th June. 1958 104 35 196 65 300 
21st Sept. 1958 26 9.5 246 90.5 272 

Hatch-mere 
10th TTune. 1959 191 
30th June. 1959 310 
14th July. 1959 286 
31st July. 1959 197 
13th Aug. 1959 160 

7th Sept. 1959 197 
10th Sept. 1959 148 

7th Oct. 1959 -82 
19th Oct. 1959 111 

2nd Nov. 1959 17 
16th Nov. 1959 53 
30th Nov. 1959 49 
11th April. 1960 56 
16th May. 1960 17 
30th June. ' 1960 93 
26th July. 1960 87 

53.5 185 46.5 346 
48 332 52 642 
56 228 44 514 
55 160 45 357 
41 233 59 393 
32 414 68 611 
37 247 63 395 
29 204 71 286 
40 166 60 277 
22 62 78 79 
14 336 86 389 
25 149 75 198 
24 173 76 229 

6 297 94 314 
28 241 72 334 
28 225 72 312 
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Fib. 30 Graphs showier the change in the ratio of 

Graph A: 

A. aquaticns and A. meridianus at three 

stations over a period of one year. 

The ratios are expressed as specific percentages 
of the total population of Asellns. 

The change in the e+ecific ratio at Llyn 
Llyvaenan (northern end) over the period 
Oct. 1957-Oct. 1958. 

Graph B: 
The change in the specific ratio at Llyn 
Llywencn (western Shore) over the period 
Oct. 1957-Oct. 1958. 

Graph C: 
The change in the specific ratio at 
Hatehnere over the period June 1959-July 1960.. 
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For comparative purposes, fig. 3 0 shows also the change in 

the specific ratio at the northern end of Llyn Llywenan between 

Oct. 1957 and Sept. 1958. The figure is so arranged that, by 

reading vertically, the direction of change in the specific 

ratios at all three stations can be immediately compared for 

any period of the year. Comparing the stations in this manner, 

it is evident that there were no consistent seasonal chances, 

and it must be concluded, therefore, that there is little evidence 

supporting the suggestion that there is a defined seasonal rhythm 

of change in the specific ratios. 

C d) . Transference ex, )eriments. 

Ideally, it would seem that field transference experiments 

provide the most satisfactory method of testing conclusions 

concerning the ecological relationships of Acellus. Two simple 

transference experiments were therefore carried out in 1959, the 

first involving the transference of A. aeiuaticus to a locality 

containing only A. moridianus, and the second involving the 

transference of A. meridianus to a locality containing only 

A. aquaticus. Since it was felt that these experiments would 

produce meaningful results only after a relatively long period, 

they were primarily undertaken in order to provide a basis for 

a future long-term investigation. After only one year, however, 

certain conclusions can be derived from the ex. Derirnents, and fo. _, 

this reason they are discussed fully below; 
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On the 14th A11Q. 1959 a random sample of A. acuaticus was 

transferred to a small pond, M. R. 109/330775, near '; iillaston, 

Cheshire, and a random sample of A. meridianus was transferred 

to a small pond, fi. R. 100/273903, near Bidston, Cheshire. It 

was known that before the transferences the former pond contained 

only A. meridianus and the latter only A. aquaticus. Each random 

sample contained an estimated 2,000 specimens. A careful note 

was made of the exact position at which each sample Evas added. 

After approximately one year had elapsed since the transferences, 

a small sample was collected from each of the positions noted and 

the specific ratio within this sample determined. The results 

of the determinations are shown below: 

Date of sampling A. meridianas A. aquaticus Total No. 
1o yo Ifo. jo in sample 

San le from pond initially containing only 
A. meridianus; 

15th Sept. 1960. 

15th Sept. 1960, 

22 47 25 53 47 

Sample from pond initially containin only 
A. aouaticus: 

00 133 100 133 

The above figures clearly indicate that the transferred 

Population of A. aquaticus successfully managed to establish 

itself, nhereas, in contrast, the transferred population of 
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A. meridianus completely 'ailed to do so. it is evident, there. 

ga. ined from the transference -fore, that the results so far g 

experiments )rovide prima facie evidence of the competitive 

superiority of A. aouaticus, and as such support the tentative 

conclusions already advanced concerning the inter-specific 

relationsIaos of the two s )ecies. 

There is, however, one important methodolo? ical point of 

criticism which must be noted, and which nrevenib the unreserved 

acceptance of the results. This is that the initial abundance of 

Asellus in the two ponds was rather different, the abundance in the 

pond initially containing A. meridienus beine far less than in 

the other pond. It is possible, therefore, that the severity of 

competition differed in the two ponds, and this may have accounted 

for the results independently of any difference in specific 

competitive ability. On the other hand, it is necessary to note 

that the severity of competition may be of only secondary importance,, 

for even in the absence of competition transferences are not always 

successful, Thus, in 1957 Prof. H. P, Moon (pers. comm. ) transferDed 

200 specimens of Asellus (sic) to each of two Lake District tarns 

which contained no Asellus but which appeared subjectively suitable. 

It would appear that these specimens failed to establish themselves, 

for even after two years he was unable to find any 'Asellus in either 

tarn. 
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2. Laboratory inye:,. ti-°otions, 

The laboratory investigations were desi ned on the same 
CD L) 

lines as the exoerinental invecti; ations of Gause's hypothesis 

(see p. 1.6). Taus, fundamentally they were designed to compare 

the ability of the two species to survive when reared together, 

and when reared in isolation. 

(a). Investier ¬ tion 1. 

At various tines in June, July and Augu: -t 1959, twenty-one 

large jars vere set aside, and into each was put either a number 

of soaked elm leaves or a small sample of the substratum from 

Buckley Lake, Padesclood Lake, Hatchmere or "Jackson's pond" 

(14. R. 109/418889). It is to be noted that the first two of these 

localities contain, res, )ectively, only A. aquaticus, and only 

A. rleridianus, whilst the last two contain böth s ecies. Lach 

jar as then almost filled with tap-water, and to each as added 

a certain number of variously sized ovigerous females of only 

one or both species of Acellus. These had been recently collected 

from the field. The preparation of ¬i variety of experimental 

conditions within the jars was undertaken since the original 

aim of the inve.. tigation was to determine not only whether one 

species could be replaced by the other in the jars initially 

containing both specias; but also vvhether, assuming there vacs 

such a replacement, its direction . ws a1«4. ys constant. The 



7.18 

details of the preparations are shown in the table on p. 7.19. 

Referring to this table, it can be seen that those jars containing 

elm leaves possessed either 20 specimens of A. aouaticus, 20 

specimens of A. meridicnus, or specimens of both sn ecies in the 

proportions 10: 10 or 5: 15 (and vice versa); and those jars con- 

-taining small samples of natural substratum possessed either 

20 specimens of A. aguaticus, 20 specimens of A. meridianus, or 

10 specimens of each species. All the vors were maintained at 

room temperatures (18-2100). 

In October 1959, i. e.. after an interval of a few months, a 

count ves made of the number of individuals of each species in 

each jar. Specific identification of the individuals in the jars 

containing both species was based upon the pattern of pigmentation 

on the dorsal surface of the head. The results of the count are 

shoran in the table on p. '1. lq. 

Three principal points arize from the examination of the 

results.. Firstly, it is clear that they exhibit a wide range of 

variation, and not all of this can be attributed solely to the 

differing experimental conditions. Secondly, in cix of the nine 

jars which initially contained both species, A. acruatious greatly 

outnumbered b. meridianus, whilst in the remaining three A. merid- 

-ienus was totally absent. And thirdly, the two species persisted 

in all of the jars in wich, initially, only one of them was 
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Lev: A= 
JI- 

Li c 
s. s. ^ 

A. aquaticus 
Al. meridianus 
sam_ole of substratum 

Experimental conditions initial spec- Date of Date of Result s of 
of each jar. -ific ratio comment- count counts 

99) (ovig. ment (1959) 
A - : 11 (1959) A: LI 

Elm leaves 20 0 20. June 9.00t. 376 0 
Elm leaves 20 0 20. June 10. Oct. 201 0 
G. G. from Buckley Lake 20 0 31. July 10. Oct. 139 0 
s. e. from Padescvood It 20 0 24. July 12. Oct. 143 0 
s. s. from Hatchnere 20 0 25. June 12.0et. 38 0 
s. s. from"Jackson's pond" 20 0 14. July 13.00t. 53 0 
Elm leaves 0 20 22. June 7. Oot. 0 130 
Elm leaves 0 20 23. June 9. Oct. 0 83 
s. s. from Buckley Lake 0 20 31. July 10. Oct. 0 85 
s. s. from Padestivood 0 20 24. July 12. Oct. 0 15 
c. s. from Hatchmere 0 20 15. July 12.00t. 0 7 
s. s. from"Jacksods pond" 0 20 14. July 13.00t. 0 14 
Elm leaves 10 10 22. June 7. Oot. 250 1 
Elm leaves 10 10 13. A ug. 9. Oct. 95 18 
S. S. from Buckley Lake, 10 10 31. July 12. Oot. 112 16 
s. s. from Padesiaood It 10 10 24. July 12. Oct. 181 17 
s. s. from Hatchmere 10 10 16. July 12.0ot. 15 0 
s. s. from"Jacksonis pond" 10 10 ll. July 13.0ct. 190 0 
Elm leaves 5 15 22. June 9. Oot. 170 0 
Elm leaves 5 15 23. June 9.0ct. 134 11 
Elm leaves 15 5 25. June 9. Oet. 293 1 
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present. At face value, the results appear to indicate, there- 

-fore, that A. meridianus was unable to compete with A. aquaticus 

in any of the jars, and, considering the short time for which 

the investig&tion was allowed to run, that A. a(zuitious directly 

prevented the survival of A. meridianus. However, it is 

necessary to study the abundance of A. reridianus in those jars 

in which it was the only species present. It can be'seen that 

in half of these the abundance of the species va-6 of the same 

order of abundance as in those jars containing both species. It 

seems possible, therefore, that the small : lumber of individuals 

of A. meridianus in the jars containing both species had no 

causal relation to the presence of A. aguaticus; the low numbers 

of A. meridianus in these jars had perhaps resulted fron the some 

factors causing the low numbers in some of the jars initially 

containing only this species. Subjection of the data to 

statistical analysis provided no clarification; using a t-test, 

Dr. P. R. Sheppard found that it, was just concievably possible 

that there was no causal relation between the abundances of the 

two species in the mixed sPecies jars. The only conclusion it 

is, therefore, safe to make from the inve,,, tigution is that 

A. -Brustions survived better under the experimental conditions 

than did A. meridienus. 

ib). Investigation 2. 
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This investigation-bas primarily designed to clarify the 

results of investigation 1. 

In March 1960, fifteen large jars were set aside, and into 

each vas -out an amount of tcohed sand sufficient to cover the 

bottom, soße Eloden and Callitriche, and a number of soaked elm 

leaves. Each jar was then almost filled with tap-water, and to 

each was added a certain number of variously sized ovigerous 

females of only one or both species of Asellus. These had been 

recently collected from the field. The details of the preparations 

are shown in the table on Referring to this table, it can 

be seen that five. of the jars contained 10 specimens of A. acüati- 

-cus per jar, five 10 specimens of A. meridianus per jar, and 

five 5 specimens of both species per Jar. All the jars were 

maintained at room temperatures (18-21°C), and were constantly 

aerated. 

After an interval of approximately three months a count was 

made of the number of individuals of euch seecies in each jar. 

Specific identifications were made using the same method as was 

used in investigation 1. The results of the count are shown in 

the table on p. 7.2Z . 

An exarainzition of these results shows that, broadly, they 

exhibit a similar pattern to those of investigation 1. Thus, the 

largest populations of both species occurred' in tLose jars 
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A. = 
ii. = 

A. aouaticus 
A. rneridianus 

Initial specific Date of cornmeno- Date of count Results of 
ratio (ovig. ýý) -anent (1959) (1959) count 
A Li A L 

10 0 15th Liarch 5th June 411 0 

10 0 15th March 20th June 204 0 

10 0 15th March 21st June 427 0 

10 0 14th March 20th June 535 0 

10 0 11th ! larch 21st June 456 0 

0 10 11th March 5th June 0 247 

0 10 11th March 20th June 0 0 

0 10 11th March 20th June 0 171 

0 10 11th March 18th June 0 385 

0 10 11th Liar ch 20th June 0. 57 

5 5 11th March 20th June 270 28 

5 5 11th March 21st June 321 15 

5 5 11th March 5th June 131 34 

5 5 11th Larch 18th June 184 10 

5 5 11th L`. arch 20th June 370 41 
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containing only one of them, and in all the jars containing both 

species, A. aruaticus greatly outnumbered A. meridianus, again 

indicating a direct interference of A. aauaticus with A. meridienus. 

In contrast to the previous investigEtion, it can be seen that in 

one of the jars initially containing only A. meridianus, this 

syecies became extinct. This res,, lt, therefore, as before, 

precludes the drawing of a definitive conclusion concerning a 

causal relationship between the abundance of A. rneridianus and 

the ; presence of A. criuaticus in the mixed species jars. As in 

the previous inve:. tigation, subjection of the results to stat- 

-istical analysis provided no clarification; Dr. P. M. Sheppard, 

using a t-test, found that it was just possible that the small 

numbers of A. meridianus in the mixed species jars had not been 

caused by the presence of A. aauAtieus. It is evident, therefore, 

that this second investigation, failed to clarify the results of 

the first. Once more, the only safe conclusion that can be 

drawn is that A. aauaticus survived better under the experimental 

conditions than did A. rrieridianus. 

(c). Invests ation 3. 

Thic investigation likewise vies primarily designed to 

clarify the results of investigation 1. In this case, however, 

the investigation was designed to determine whether the suggested 

direct influence of A. ooucticus upon A. meridianus took place 
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between the adults of the species. 

In December 1959, into each of 90 petri-dishes of Z" diameter 

were put a single soaked elm leaf and sufficient tap-water 

al most to fill the dish. The dishes were arranged in three series, 

30 in each. Into each dish of the first series were then put 2 

specimens of ýý. a g=výýi CvS, into each dish of the second series 

2 specimens of A. meridianus, and into each dish of the third:. 

series 1 specimen of each species. Only adult specimens which 

had been acclimatized to room temperatures were used, and no 

attention ras paid to their sex. In those dishes in wLich the 

s2ecimens were of-the same species there was a large specimen and 

a smaller specimen; in tiiose dishes in which the. specimens were 

of differing species, the specimen of J. ac uaticus was always 

slightly larger than that of A. raeridianus. The dishes were 

left at room temperatures for approximately three months, during 

which time they were observed at irregular intervals. At each 

observation, the number of dead specimens of each species was 

noted, and fresh elm leaves or water were added where necessary, 

Dishes containing only one Ave specimen were discarded. 

The resulto of the observations are presented in the following 

table, in cvciich they are sho jn as the number of specimens surviving 

as a percentage of the initial number present, In the compilation 

of these percentages, those single live. specimens that were 
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discarded have been regarded as having survived until the end of 

the itivestigation, and thus the percentage survival is not the 

actual one, but merely the complement of the observed mortality. 

Date of observ- Dishes containing Dishes containin, 3 Dishes 

-ations (1959/60) two specimens of one specimen of containing 
A. aauaticus each species of two speci- 
survival Asellus -nens of 

survival - A. meridia- 
A 10 M -L"! s P 

survival 

17th Dec. 100 100 100 100 

29th Dec. 100 90 100 100 

12th Jan. 100 90 100 100 

30th Jan. 95 83.3 93 96.7 

29th Feb. 78.3 70 76.7 83.3 

25th liar. 60 66.7 63.3 63.3 

. As the above table clearly shoran, there vas very little 

difference between the final percentage survival in all four 

columns, and none between the third and fourth. The investigation 

indicates, therefore, that the presence of Eadults of A. anuaticus 

does not appear to have influenced the survival of adults of 

A. meridienus; it is evident that if there Uses any direct 

intersnecifie interference in investigations 1. and 2., then this 

must have involved. juvenile individuals. 
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(d) . Investigation 4. 

This last investigation was essentially a continuation of an 

investigation initiated by Dr. H. B. U. Hynes. As in invewtigitions 

1. and 2., it involved the msintenace of single and mixed species 

populations of Asellus, but, in contrast to these inveoti; ations, 

the populations were kept out-of-doors and thus experienced an 

approximately similar temperature regime as occurred in the field. 

Only four populations at a time were maintained, and thase 

were kept in four large tanks, each being about 61 long, 1.5' 

wide and 3' deep, and formed by partitioning with wood two larger 

tanks:,. The investigstion was begun in April 1953 by Dr. Hynes, 

who, after filling, the tanks with sufficient water, placed in 

the first 240 specimens of A. acuaticus, in the second 240 spec- 

-imens of A. meridinnus, and in the third and fourth 120 specimens 

of euch species. These specir-ens were random with respect to 

size and sex. To each tank were also added a number of pond 

snails, sorge B? odea and a fairly large quantit. y,, of dried elm 

leaves to serve as food. 

The populations were left in situ for a period of 8 months, 

at the end of which the number of individuals of each species in 

each of the tanks was counted. Specific identifications were 

made using the same method as was used in investigation 1. The 

results of the count are shown in the table on p. 7.27 in which 

the tanks are referred to as tanks 1-4. 
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il = A. ac; tu ticas 

A. meridi&. nus 
ovi; erouo females 

Tank 

No. 

Initial 
specific 

ratio 
A. i. 

Date of 
commencement 

Date of Specific ratio 
count at count 

A ii 

1 240 0 ý, pri1 1958 1st Dec. 58. 800 681 

2 0 240 April 1958 1st Dec. 58. 1002 989 

3 120 120 April 1958 1st Dec. 58. 4096 788 

4 120 120 April 1958 1st Dec. 58. 568 199 

11 200 0 12. Dec. 1958 14th Dec. 59. 800 0 

21 0 200 12. Dec. 1958 14th Dec. 59. 0 360 

31 4096 788 12. Dec. 1958 14th Dec. 59. 0 0 

41 568 199 12. Dee. 1958 14th Dec. 59. 0 0 

12 50* 50ý 5. April 1959 15th 8ept. 60. 724 512 

22 50* 50 5. April 19<Z9 15th Se2t. 60. 548 222 

32 100v 0 5. April 1959 15th 5ept. 60. 2735 0 

42 0 100'0, 5. April 1959 15th 5eat. 60 (41) 262 
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Two main points emerge from the examination of the results. 

Firstly, it is clear that the -oox"tition between tanks 1 and 2 

had been ineffective so that all tanks contained mixed species 

populations. And secondl:, °, des, ite the "; rest variability of the 

results, A. aciuLticua : aus numerically superior in all the tanks, 

although only just so in tank 2. The results indicate, therefore, 

that under the given experimental conditions b. ac. uaticus 

survived better than did A. raeridianus; but, in the absence of 

comparative data from single species populations, they do not 

indicate : hether the numerical inferiority of A. meridianus was 

due to competition. At all events, the results from tanks 1 and 2 

suggest that under certain circumstances populstionc of the two 

species may co-exist over long periods of time with perhaps only 

slight chonges in the specific ratio favouring, A. aguc. ticus. 

After the count, the -oopulationti from tankt 1 and 2 were 

discarded. The populations from tanks 3 and 4, however, . fiere 

replscec:, and, in eddition, the two empty tanks were restoe! ed 

with res ecti vely , 200 specimens of A. acuxäticus, and 200 

specimens of A. meridianus. These specimens were random with 

rest' ect to size and sax. As before, ec: ch tank was also stocked 

with a number of pond snails, some : lodee and e fairly large 

quantity of elm leaves to serve as food. before the restocking of 

the tanks, in an attempt to isolate then effectively, the floor 

of all four was covered with a thick layer of washed sand; it 
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was known that the largest gaps in the partitions occurred where 

they nit the floors of the tanks. 

The tanks were left for a period of 12 months, and then, 

once more, the number of individuals of each species in each 

tank rags counted. The results of thin count also are shown in 

the table on p. 7.27, and here the tanks are referred to as tanks 

11 - 41. 

l: eferring to the table, it can be seen that, whilst in tanks 

11 and 21 the populations of Asellus had persisted, in tanks 31 

and 41 the populations had become extinct. No further information, 

unfortunately, wes therefore given concerning the specific ratios 

of the mixed species f opulations which had been prepared in April 

1958. The extinction of these populations would seem to have been 

caused by the large number of beetle larvae (Agabus sp., and 

Hydroporini) which had entered the tanks at some time during the 

preceding 12 months. Moreover, since these larvae had also 

entered tanks 11 and 21 but in differing proportions (tank 21 

contained many more than did tank 11)., it is doubtful if any 

importance can be att ched to the difference in the abunäence of 

the populations in these two tanks. It is evident that this 

part of investigation 4. provided no information. 

One further attempt was made to obtain inforaation using the 

tanks. This time, however, to ensure that no beetle larvae 
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interfered with the inve cti ation, the tanks were entirely 

covered with n fine p1astic meth, and, to ensure that there were 

no gaps in the wooden partitions, these were cemented over. 

After filling vith sufficient .? Beter, the ton]ýs : giere restoc =ed 

with ovigerous femalec, the first and second each containing 50 

specimens of both species, and the thirdi and fourth 100 specimens 

of, respectively, A. c-uaticus, and A. rneridianus. As before, 

pond snails, some Elodea and a fairly lar, 3e quantity of elm leaves 

eiere also added to each tank. 

The number of individuals of each species in each tank was 

counted after an interval of about six months. These numbers are 

indicated in the table on p. 7.27, and here the tanks are referred 

to as tanks 12 - 42. 

The table showas that in the two tanks initially containing 

both syoecie; A. aonaticus was numerically superior to A. raeridionuc, 

and that in the two tanks initially containing only one species both 

species persisted, although A. acuaticus Was vastly more abundant 

than was A. meridianus. (The presence of a small number of specimens 

of A. aouaticus in tank 42 is difficult to explain, for it seems 

unlikely that they entered through gaps in the partition). The 

results indicate, therefore, that under the experimental conditions 

A. ¬anaticus survived better than did A. meridienus. However, the 

results do not indicate that it is possible to attribute the 
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disereiancy between the numbers of the two species in the 

mixed species populations to interspecific competition, for, 

assuming that the small numbers. of A. acuaticus in tank 42 

had had no affect, the number of A. meridianus in tank 4p falls 

within the range of the numbers in tanks l2 and 22. 
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Discussion. 

Fror a consideration of the data preeented in the preceding 

chapters, it is not possible to arrive at any firm conclusions 

concerning the factors which govern the distribution of 

A. acuaticus and A. reridianus in Britain. It is possible, 

nevertheless, to indicate some preliminary ideas, which, it is 

suggested, provide a resoonmble ex1lanation of the distribution, 

and 4f? ich would seem to be the most reasonable ones that can be 

drawn from the data. 

Apart fron the gross specific differences, the investigation 

of the 'geographical distribution of the two species (see chapter 

III) reveals two particularly salient differences: it is only in 

Britain that A. meridianus is widely distributed north of the 

southernmost limit reached by the ice-sheet during the Ice-age; 

and in all of the most isolated parts of Britain (and in parts 

of France also) A. meridianus is the predominant if not the only 

species of Asellus present. It is suggested (chapter III) that 

these differences can be explained by considering the poot-glacial 

history of the two species, and by assuming that they compete. 

Thus, to reiterate briefly, it is thought that both species 

originated before or during the ice-age, A. aounticns in central 

Asia, and A. meridianus in the Mediterreneen region. After the 

retreat of the ice, A. meridianus sjread northwards, whilst, 
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contemporaneously, A. ac. uaticus spread westwards along the margin 

of the ice-sheet. A. meridianus may have either survived the 

Ice-age in refuges in Britain, or arrived subsequently via the 

early post-glacial land-bridge across the Lnglish Channel; but, 

at all events, this species ws present in Britain before A. ac. uat- 

-icus, and became widely distributed throughout the British Isles 

during the early post-glacial period. On the continent, the 

westwardly immigrating A. ecuaticus either replaced A. meridianus 

in most of the post-glacially colonized regions north of the south- 

-ernnost limit of the Glacial ice-sheet, or, as is considered more 

likely, it prevented the colonization of such areas by A. meridianus. 

By the time A. sonaticus had screed as far as northwestern France, 

however, the lend-bridge across the English Channel had disappeared 

and this hindered the further spread of the species in this region, 

and allowed A. ineridisnus to survive in Britain. During compar- 

-aratively recent historical time A. ac=ur-: ticus has been able to 

overcome the barrier of the English Channel, and, probably aided 

by Lan in a number of diverse rays, has spread and is spreading 

throughout Britain, where it is gradually replecing A. meridianus. 

The above suggested scheme of events would certainly seem 

to be supported by three, or perhaps four, further investiS¬itions 

of the present research. Firstly, the resurvey of the distribution 

of Asellus in dyindermere (p. 7.4) indicates that whereas 

A. meridlanus was formerly the most common species in that lake, 
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A. anustieus is now the most common; and, in fact, A. meridianus 

seems to have almost completely disappeared. Secondly, the 

investigation of the change in the specific ratio at Llyn Llywenan 

(pp. 7.7) shows that between 1960 and 1960 there was a complete 

reversal in the ratio, A. meridianus predominating during the 

early and middle part of the decade, and A. aQuaticus during the 

final part. It is to be emphasized at this point that, since 

there do not appear to have been any marked changes in the 

condition of Windermore and Llyn Llywenan over the period of these 

changes, it can only be concluded that the decreases in the 

abundance of A. meridianus resulted from competition with A. aqucit- 

-ieus. Thirdlcy, the investigation of the detailed local specific 

distribution on Merseyside (pp. 7.1) provides statistical evidence 

for comtoetitive exclusion. And fourthly, the transference exper- 

-iments (p, 7.14) indicate perhaps the competitive superiority of 

A. acusticus, 

Thus, to summarise, it is suggested that both the regional 

and local distribution of A. nauaticus and A. Meridianus in 

Britain can be explained in the following terms: 

A. meridianus was the first species to arrive in Britain, cohere 

it became widespread. A. aquaticus arrived mach later, and is 

nova S-, ) reading throughout the British Isles and replacing 

A. meridienus, with which, therefore, it is in competition. 
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But, whether this explanation is ; accepted or not, it is 

clear that previous ones cannot. Thus, the, investig tions of 

localities containing both, only one, or no species of Asellns 

(p. 6.26), and of the specific microhabitats (p. 6.9) provide no 

support for TieedhamLs (1942) su, -ge.. tion (see p. 1.13). and 

Mary's (1927) hypothesis (see p. 1.13) that there is a specific 

differentiation in habitat. Similarly, the inve_. ti. _; ation of the 

distribution of the two sý)ecies on iterseyside (p. 7.1) provides no 

support for the alternative su--e6tion of Needham (194L) (see p. 1. l4 

tl t the distribution of both spades is entirely fortuitous. The 

suggestion (anon., 1944)(see p. 1.13) that the two species can 

co-exist (in the sense that they constitute en exception to 

Gauss's hypothesis) , also, cannot be acre ýýted, when the res, ýlts 

of the investigations on Lake 701indermere_(p. 7.4) and on Llyn 

Llywenan (p. 7.7) are considered. 

Unfortunately, however, the present research provides no 

DIRECT evidence of inter-specific comaetition, and it is not 

possible, therefore, to put forward any reliable sa entions as 

to hove the phenomenon operates. It is possible, nevertheless, to 

indicate a number of bases aeon vlhich it jresumably does not 

operate. Thus, it is clear that the interspecific competition 

cannot be explained in terms of a difference in the life-cycle 

(chapter IV) or biotic potential (chapter V) of the two sre ties. 

Moreover, considering the tripe of food of Asellus (p. 6.1), it is 
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difficult to see hove this could provide a basis for competition.. 

And, as iindicuted by invo, _. ti ation 3 (p. 7.23), direct inter- 

-specific interference between the adults of the s_>: cies vvuuld 

seem to be ruled out. 

The present research likewise provides no inforci: tion 

concerning those factors re:. ý nsible for the control of the 

population size of the two s ecies; and on this account, also, 

it is not nssible to out forward any reliable su,; -estions as 

to how the two soecies actually compete. Hotiwever, it is 

parka}gis relevant to note here that predation would seem to be one 

of the most important of these controlliri factors, for a brief 

survey of the literLture on the food of fresh-water fish1 revealed 

that both s -ecies of Asellus are a major item in the diet of many 

fish species; and, as shown by the second part of inve ti; ation 

4 (p. 7.26), Asellus is orob&bly eaten by numerous inverterates 

also. 

It would seem that ! )reV.! _ous research on the ecology of 

closely rel ted ünd symr)atric s ýecies falls into t: vo princi nL: l 

cotegoreis: firstlj, research Nahich s"1o. vs that there are specific 

differences in food, microhabitat, etc. (i. e. "niche"), and 

which tLen infers tr_3t these differences have-. -resulted or result 

Footnote 1. In this connection, the . )orltis of the follvvving 
authors h;: ve been most useful; $lack (19x4) 

, . 1aüfurth(1940) , Hartley (1947,1948), H nes (1950), Dunn (19544, Graham (1960), 
Ball (in m. s. ), Ctlubb pers. Coram. )* 
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from interspecific competition (see pau°es 1.7 nd. 1.8 for examples); 

and secondly, research which shows that there are apparently no 

specific difference., in "niche", but uhieh provides no evidence 

of any inters. ecifie com' etition (see p. _ 
1.8 for examples). 

Insofar as the tentative conc? u... ions of the present lurk are 

accepted,. it can be seen tWt the rresent research fits into neither 

of these categories: the two species of Asellusdo not appear to 

exhibit any differences in "niche", but, at the same time, there 

is evidence for interspecific competition. iiorevoer, it would appe- 

-ar that this evidence is somewhat more satisfactory than that of 

previous researches, for, as Andrewurthu & Birch (1954) and other 

authors have pointed out, the exhibition of s_. ecific differences 

in "niche" in no way droves the presence of inters : ecific com e- 

-tition. 

It . iou1d seer, therefore, that the }. xesent research 

urovides a n-itnral exz:, G1 )le of to clo:, el yy relL, ted 

s . ýýcies cr; liciý ), oo,. e:,, i no differences in "niche", 

and bet-. ýeen corlýaetition is a significant and 

extant ': rocess. 

And es such, it iü evident that tLe ;? rez, ent resecreh i: in 

cccrdunce ý. ith ease's r 72othesi3, since it is to be ey , ected 

that the present geographical co-existence or the too s+ecies is 

only a temporary transitory stage. 
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Appendix A. 

Table 1. 

Details of the distributional records of Asellus in Lritain. 

ETTGL. U D MID '., ALLAS. 

Vice 

Ido. 

- county 

Name 

Number of 

A. ac. uaticus 

records of : 

A. zneridionue 

0 Channel Isles 0 2 
1 Cornwall, W. 0 2 
2 Corny all, 0 1 
3 Devon, S. 1 2 
4 Devcn, w;. 1 0 
5- Somevoet, 3. 1 0 
6 $orserset, iv. 0 1 
7 'wiltshire, N. 2 4 
8 "ilteý'dre, S. 1 U 
9 Dorset 2 2 

10 Isle of Wight 0 2 
11 Hants, S. 3 3 
12 Hants, lm. 0 1 
13 Sussex, S. 3 4 
14 Sussex, H. 2 4 
15 Kent, H. 0 0 
16 Kent, `x. I 2 
17 Surrey 2 2 
18 esse x, 3. 6 3 
19 Essex, N. 1 0 
20 Herts. 5 2 
21 Diddle--ex 3 1 
22 Berks. 2 2 
23 Oxford 1 1 
24 Backs. 8 0 
25 äuffolk, E. 1 1 
26 Suffol11., : 7. 2 0 
27 Norfolk, E. 3 1 
28 Norfolk, W. 1 0 
29 Cambridge 2 1 
30 Bedford. 4 1 
31 Hunts. 1 1 
32 i; orth¬ints. 1 3 
33 Glos., E. 1 1 
34 Glos., I. 0 0 
35 Lionmouth 0 0 
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Vice - bounty 

Ito. Name 

Number of records of : 

A. ac. uaticus A. cieridianus 

36 Hereford 2 0 
37 'acres. 3 3 
38 Warv ick 4 2 
39 Stafford 4 0 
40 atop 6 1 
41 Glamorgan 1 4 
42 Brecon 0 0 
43 adnor 0 0 
44 Carmarthen 0 0 
45 2embroke 0 1 
46 Cardigan 1 0 
47 Mont. 6 0 
48 lierioneth 0 2 
49 Caerns. 0 4 
50 Denbigh 1 0 
51 Flint 1 1 
52 Anglesey 5 39 
53 Lince., 5. 0 0 
54 Lines., 11. 0 1 
55 Leics. 8; Rutland 1 1 
56 Notts. 3 0 
57 -Derby 2 1 
58 Cheshire pO 00 
59 Lanes., S. °O 0o 
60 Lanes., i: iid .3 

0 
61 Yorks., S. B. 3 1 
62 Yorl: s. , fl. E. 1 0 
63 Yorks. 9 S. W. 2 2 
64 Yorý: s. , Mid. '. 3 0 
65 Yorks., I. Vi. 0 0 
66 Durham 0 2 
67 iTorthum., S. 1 0 
68 Cheviot land 1 0 
69 ldestmor. & N. Lancs. oo aO 
70 Cumberland & a° 
71 Isle of iian 0 4 
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SCOTLAND. 

Vice - county Number of records of : 

Ito. mane A. aouatictis A. Meridianus 

72 Damfries 0 0 
73 iirkcudbright 0 3 
74 `digtown 0 1 
75 41yr 1 1 
76 :. ienfrew 1 0 
77 Lanark, 3 0 
78 Peebles 2 1 
79 Selkirk 1 2 
80 '. 1ozburgh 1 0 
81 Berwick 1 1 
82 liaddington 5 1 
83 . &^: dinburgh 12 7 
84 Linlithgow 7 3 
85 Fife C.. ý_inross 2 1 
86 Stirling 4 2 
87 r` th. , 3. & Clkn. 2 0 
88 Perth, Lid. 6 0 
89 Perth, !;. (or E. ) 0 0 
90 : Forfar - 

0 0 
91 Kincardine 0 1 
92 Aberdeen, S. 1 2 
93 Aberdeen, Ii. 0 0 
94 Banff 0 0 
95 Elgin 0 3 
96 yaster. ness 1 0 
97 sterness 1 0 
98 Lain Argyll. 0 0 
99 Dumbarton 1 0 

100 Clyde Isles 0 0 
101 Cantire 0 0 
102 Ebudes, S. 0 0 
103 %: bude s, l,: id. 0 0 
104 Ebudes, i:. 0 0 
105 Ross, Vi. 0 0 
106 Ross, L. 0 0 
107 ý)utLLerland, B. 0 0 
108 Sutherland, 1. 0 0 
109 Caithness 2 0 
110 Hebrides 0 0 
111 Orkneys 0 0 
112 Shetlands 0 0 
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I LAzm. 

Vice - county lJu. mber of records of : 

No. Name A. anuaticus A. cieridiunus 

1 Kerry, S. 0 0 
0 2 Kerry, l.. 0 

0 0 3 Cork, W. 
0 0 4 Cork, ! Ad. - 0 5 Cork, . 
0 

0 6 Waterford 0 
7 ýip2erury, 3. 0 0 

0 8 Limerick 0 
9 Clare 1 

1 
1 
0 10 Ti22erary, 11. 
0 11 l: ilkenny 0 

12 '=äexford 0 0 
13 Carlow- 0 0 
14 wueen's Co. 0 0 
15 Galway, S. E. 1 0 
16 Galr; wj , `. ti . 

0 1 
17 Galuay, iT. E. 1 0 
18 T7in s' s Co. 0 0 
19 Zildare 1 0 
20 Wicklova 0 0 
21 Dublin 2 1 
22 heath 1 0 
23 , estmeeth 1 0 
24 Longford 0 2 
25. Roscommon 0 0 

0 26 Mayo, i:. 0 
2 27 Iiayo, W. 0 

28 Sligo 2 1 
29 Leitrim 2 0 
30 Cavan 2 2 
31 Louth 0 0 
32 iionaghan 0 0 
33 Fermanagh 1 0 
34 Donegal, L. (or 3. ) 0 0 
35 Donegý: l, ry. (or Ii. ) 0 0 
36 T7rUne 2 0 

0 37 Arm--,, h 6 
38 Down 3 0 
39 Antrim 5 0 
40 Derry 1 0 
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OFFSEOP ISLA11D3 (other than those mentioned above) 

Dame of island iiuclber of records of : 

A. aquaticus A. ineridianus 

Lundy. Isle 02 
Scilly Isles 01 
yardzey Isle 07 
Zkokholm 01 
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Table 1. 

10.6 

Details of the tcvo samples of A. meridianus collected from 

Padesv ood Lake, F? intshire, on the 27th October 1958. 

S ample I. Total number ip sample, 263. 

Size of Total L. loles Feaüles Oviý; erou. s Females 
group in with small females with empty 

m. me group lamell e pouches 
Iio . 1jNo No. ITo. 

/. 
10. No. . 

7.5 3 3 1.1 - ----- 
6.5 14 6 2.3 7 2.7 --- 
5.5-- 56 25 9.5 23 8.7 4 1.5 4 1.5 
4.5 78 33 12.5 43 16.3 2 0.8 -- 
3,5 68 25.85 ) 
2.5 33 12.5 ) unsexable 
1.5_ 11 4.2ý ) 

Oaaple II. Total number in sample, 255. 

7.5 4 2 0.8 2,0.6 --- 
6.5 6 3 1.1 3 1.1 -- --- 
5.5 38 16 6.3 20 7.8 1 0.4 1 0.4 
4.5 72 30 11.4 38 14.9 3 1.1 1 0.4 
3.5 62 24. 
2.5 48 18.4 3 un sexable 
1.5 25 9.8, r 
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I pendix B. 

Table 2. 

Details of a samole of A. a. ' uaticus from Buckley Lake, Flintshire. 

A. Based on specimens obtained by the sieve-method only. 

Total number in sample,, 207. 

Size of 
in 

goon 
cl. m, 

Total 
in 

3roup 

Vales 

Ito. 

Fernales 
with small 
lamellae 
No. , a. 

0vi-erous 
females 

Ito. 

Females 
v ith empty 

pouches. 
Ido. ; ý. 

13.5 2 2 1.0 - -- - - - - 
12.5 14 14 6.8 -- - - - - 
11.5 16 16 7.7 -- - - - - 
10.5 23 16 7.7 -- 7 3.4 - - 9.5 22 16 7.7 -- 5 2.4 1 0.5 

8.5 32 13 6.3 -- 17 8.2 2 1.0 
7.5 35 10 4.8 1 0.5 22 10.6 2 1.0 
6.5 28 6 2.9 9 4.3 10 4.8 3 1.4 
5.5 19 4 1.9 11 5.3 3 1.4 1. 0.5 
6.5 7 2 1.0 5 2.4 - - - -" 
315 
2.5 

2 
5 

1.0ý ? 
2.4% unsexable. 

1.5 2 1 . 050 ) 

B. Based on the 'total' number of specimens present in the sample 
(i. e. coecimens obtained by the sieve-method and Hand-sorting. ) 

Total number iii sam2le, 218. 

1315 . 12.5 15 15 6 9 - - - - - - 11.5 16 16 7.3 - - - - - - 1015 23 16 7.3 7 3.2 - 9.5 23 17 7ý8 - - 5 2.3 1 0.4 
8.5 36 15 . -6.9 "- 17 7.8 4 1.8 
7.5 38 11 5.0 1 °0.4 23 10.1 4 1.8 
6.5 29 6 2.7 9 4.1 11 5.0 3 1.4 
5.5 20 5 2.3 11 5.0 3 1.4 1 0.4 
4.5 7 2 0.9 5 2.3 - . - - - 3.5 2 0.9 5 
2.5 5 2.35 ) unsexable. 
1.5 2 0.9ý ) 
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A'»endi4 B. 

Table 3. 

Detfils of a sammle of A. equeticus from Hatchrilere, Cheshire. 

A. 3csed or, sý-ec1mens obtained by the sied-method only. 

Total number it sample, 173. 

Size of Totel I. I-1es Females Ovigerous Feracles 
in in cjith small females with empty 

group group : 
lamellae pouches. 

n. a. ITo ; . ]'T. 
- - 

ITo. 5. 

-- 
13.5 1 1 0.6 _ - _ -ý 12.5 1 1 0.6 
11.5 5 4 2.3 - - 1 0.6 -- 
10.5 7 5 2.9 - - 2 1.2 -- 

9.5 7 6 3.5 - - 1 0.6 -- 
8.5 19 8 4.6 2 1.2 9 5.2 -- 
7.5 25 11 6.4: 7 4.0 7 4.0 -- 
6.5 36 17 9.8 19 11.0 - -- -- 
5.5 29 12 6.9 17 9.8 -- -- 

4.5 22 13 7.5 9 5.2 -- -- 
3.5 
2.5 

17 
4 

9"6i 
2.3 unsexab ) le. 

B. Base d on the 'total` number of specimens present in the sample 
(i. e. s ýecimens obtaine d by the sieve-method and hand-cortin;. ) 

Total number in spinale, 183. 

13.5 1 1 015 - -- -- 5 1 1 11, 2.7 
1 0.5 -- 10,5 7 5 2.7 

9.5 8 6 3.3 
8.5 20 9 4.9 2 1.1 9 4,9 -- 7.5 25 11 6.0 7 3.8 7 3.8 -- 
6.5 38 17 9.3 20 10.9 1 0.5 -- 5.5 30 13 7.1 17 9.3 -- -- 4.5 26 16 8.7 10 5.5 -- -- 
3.5 17 2.2, 1 

un. serable. 
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A )nendix B. 

T&ole 4. 

Details of e sarno1e of A. cneridienus from P4desvood Lake, Flintsh. 

I. Based on specimens ob teined bj the sieve-method only. 

Total number in sample, 374. 

Size of Total Malec Females Oviöerous Females 
in in with small females with eci2ty 

group grccup lamellae 
C 

pouches. 
N n. ra. Tde. ITO. S. I o. 

8.5 4 4 1.1 -- - - - - 
7.5 19 15 4.0 -- - 3 0.8 1 0.3 
6.5 58 39 10.4 - -- 17 4.5 2 0.5 
5.5 76 39 10.4 2 0.5 33 8.8 2 0.5 
4.5 91 43 11.5 25 6.7 23 6.1 - - 
3.5 20 34 9.1 50 13.4 6 1.6 - - 
2,5 31 8.3i. 

unsexable. 1.5 5 J 

B. Based on the 'total'' number of soecin: ans present in the samele 
(i. e. s,, eciWenü obtained by the sieve-method and heed-sortinS. ) 

Total number in sample, 494. 

8.5 5 5 1.0 
7.5 27 21 4.2 1 0; 2 3 0.6 2 0.4 
6.5 81 56 11.3 - - 23 4.7 2 0.4 
5.5 108 47 9.5 3 0.6 55 11.1 3 0.6 
4.5 114 53 10.7 37 7; 5 24 4.9 -- 
3.5 112 44 8.9 62 12.6 6 1.2 -- 
2.5 
1 5 

2 45 8 
1 0ý 

J 
asesable . 

. . 
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A )pendij B. 

Table 5. 

Details of a san;, )le of A. rneridionus from Hatchrsere, Chenhire. 

A. Based on specimens obtained by the sieve-method only. 

Tot41 number in uumole, 5G. 

Size of Total T. Tüles Females Ovij3erous Fe ley 
in in with small females with empty 

group group lamellae pouches. 
m. m. Teo . 

j3. No . ; e. Ito . 
10. Ido 41 . 

8.5 1 1 1.8 ------ 7.5 3 3 5.4 ------ 6.5 7 7 12.5 .-:. - ---- 5.5 17 13 23.2 --47.1 -- 4.5 13 3 5.4 7 12.5 3 5.4 -- 
3.5 15 3 5.4 12 21.4 ---- 

B. Based on the 'total' number of specimens present in the sanjle 
(i. e. srjecimens obtained by the sieve-method and hand-sorting. ) 

Total number in sample, 69. 

8.5 1 1 1.4 - --- -- 
7.5 3 3 4.3 - -- -- 6.5 9 9 13.0 - --- -- 5.5 21 14 20.3 - -7 10.1 -- 
4.5 17 4 5.8 8 11.6 5 7.2 -- 3.5 18 4 5.8 14 20.3 

T 



Appendix a 

Table 1. Details of the monthly samples of 

A. aguaticus fron Buckley Lake, 

Flintshire, collected from the 24th 

October 1957 until the 2nd November 

1959. 
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Details of the'monthly samples. 

A. agnaticus L.. Buckley Lake, Flintshire. 

Date of sampling: 24. X. 57. Total - number in sample, { 264. 

Size of Total Males Females Ovigeroüs Females 
group in with small females 

6 
with empty 

m. m. group 
No p. 

lamellae 
No. f. NO ;. _.. %' pouohes 

No. %. 
. 

11.5 2 2 0.8 '--, - . -_ 
10.5 3 3 1.1 -= - - - - 

9.5 11 9 3.4 2 0.8 - ýx - - 
8.5 26 23 8.6 3 1.1 - -' - - 
7.5 24 16 6.0 8 3.0 - - - - 
6.5 29 16 6.0 13 4.9 - S. - = 
5.5 33 20 7,5 13 4.9 2 0.8 
4.5 53 10.2 27 26 9.7 - - - - 3.5 43 . 16.2r 
2.5 31 11.7 ) unsexable. 
1.5 9 3.4% 

Date of sampling: 28. X1.57. Total number in sample; 221. 

12.5 1 1 0.5 - -- - - - - 11: 5 4 4 1.8 --% - 
10.5 18 17 7.7 1 0.5 - - 9.5 21 17 7.7 4 1.8 - " 

8.5 48 23 10.4 25 11.3 - - - - 
7.5 40 13 5.9 27 1202 - - -ý 6.5 12 3 1.4 }9 4.1 - 5.5 16 7 3.2 -9 4.1 - - - - 
4.5 16 5 2.3 11 5.0 - - "- :" 
3.5 18 8.1%) ; -. .. 
2.5 20 9.1%) ab e, 
1.5 7 3.2% 
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Details of the monthly samples. 

A. aguatioue L., Buokley Lake, Flintshire. 

Date of sampling: 23. X11.57. Total number in sample, 301. 

Size of 
group 

m. mo 

Total 
in 

group 

Males 

No. $. 

Females 
with small 

lamell e 
No. %. 

Ovigerous 
females 

No. 

Females 
with empty 

ponohes 
No. %. 

12.5 5 5 1.7 -- - - -- 11.5 11 11 3.7 - "- - - -- 10,5 23 21 7.0 2 007 w w w .. 9.5 44 34 11.3 10 3.3 - - -- 8.5 76 40 13.3 35 11.7 1 003 -- 7.5 47 12 4.0 35 11.7 - - -- 6.5 17 7 2.3 10 303 - - -- 5.5 31 9 3.0 22 7.3 - - "" " 4.5 27 15 - 5.0 12 4.0 - - 3.5 16 5.3% ) 
2.5 3 1.0%) nnsezable. 
1.5 1 0.39u ) 

Date of sampling: 29. I. 58. Total number in sample, 383. 

12,5 3 3 0.8 - ----- 11.5 3 3 0.8 
10.5 20 17 4.4 3 0.8 --- 9.5 25 15 3.9 10 2.6 

8.5 52 21 5.5 31 8.1 --__ 7.5 42 11 2.9 31 8.1 
6.5 39 9 E. 3 30 7.8 ---- 5.5 51 22 5.8 29 7.5 --- 4.5 44 17 4.4 27 7.0 -- 3.5 49 12.85 
2.5 45 11.8$ unaezable. 
1.5 10 8.6$ 
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Details of the monthly samples. 

A. aguatious L., Buokley Lake, Flintshire. 

Date of sampling: 27.11.58. Total number in sample, 346. 

Size of Total Males Females Ovigerous Females 
group in with small females with empty 

m. mo group 
No 

lamellae 
No %. No. %. 

pouc 
No. 

hes' 
%0 

. . 

12.5 1 1 0.3 11.5 11 1.1 3.2 r- - - - 
10.5 13 13 3.8 - - - - - 

9.5 23 14 4.1 5 1.4 4 1.2 - -' 
8.5 42 16 4.6 23 6.7 2 0.6 1 0.3 
7.5 36 10 2.9 23 6.7 1 0.3 2 0.6 
6.5 28 5 1.4 23 6.7 - - - - 
5.5 44 23 6.7 21 6.1 - - - - 
4.5 52 31 9.0 21 6.1 
3.5 56 16.2j 
2.5 30 8.7A unsexable. 
1.5 10 2.9 

Date of sampling: 27.1311.58. Total number in sample, 330. 

12.5 1 1 0.3 "" - - - - - 
11: 5 3 3 0.9 "" - "- -- - - 
10.5 14 12 3.6 "- 66, 2 0.6 "- - 

9.5 27 22 6.7 1 0.3 4 1.2 
8.5 37 23 7.0 2 0.6 11 3.3 1 0.3 
7.5 42 9 2.7 16 4.8 16 4.8 1 0.3 
6.5 43 13 3.9 26 7.9 4 1.2 
5.5 52 20 6.1 32 9.7 -- - - - 
4.5 48 25 76 23 7.0 "- - - - 
3.5 37 11.2`' 3 
2.5 22 7.3ý unsezable. 
1.5 4 1.2 
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Details of the monthly samples. 

A. aguatious L., Buckley Lake, Flintshire. 

Date of sampling: 25.1V. 58. Total number in sample. 157. 

Size of 
group 

m. m* 

Total 
in 

group 

Males 

No. ö. 

Females 
with small 

lamellae 
No. %. 

Ovigeroas 
females 

No, ýO. 

Females 
with empty , pouohes. 

No. %. 

9.5 6 5 3.2 -- 1 0.6 
8.5 14 8 5.1 6 3.8 - - 
7.5 23 6 3.8 1 0.6 rl4 8.9 P. 1.3 
6.5 22 5 3.2 6 3.8 8 5.1 3 1.9 
5.5 43 19 12.1 20 12.7 3 1.9 1 0.6 
4.5 20 8 5.1 12 7.6 - - - - 3.5 19 12.1 
2.5 7 4.5; unsexable,, 
1.5 3 1.9%) 

Date of sampling : 27. V. 58. Total number in sample. 240. 

11.5 2 2 0.8 - - 10.5 2 1 0.4 
9.5 9 6 2.5 
8.5 26 16 6: 7 9 3.9 
7.5 47 32 13.3 5 2.1 
6.5 55 23 9.6v 18 7.5 
5.5 51 16 6.7 24 10.0 
4,5 34 11 4.6 22 9.2 
3.5 6 2. ra) 
2.5 1 0.41q) uns exeb le. 
1.5 7 2.9ýj) 

1 0.4 
ß 0.8 1 0.4 
1 0.4 - 
5 2.1 5 2.1 
8 3.3 6 2.5 
8 3.3 3 1.2 
- - 1 0.4 
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Details of the monthly samples. 

A. L., Buckley Lake, Flintshire. 

Date of sampling: 25. VI. 58. Total number in sample. 355. 

Size of Total Males Females Ovigeroas Females 
group in with small females with empty 

m. m. group 
N % 

lamellae 
No No %0 poaohes' 

No % o. . . . . . 

10.5 2 2 0.6 -- - - - 
9.5 5 4 1.1 - "" - - 1 0.3 
8.5 25 18 5.1 5 1.4 - - 2 0.6 
7.5 18 3 0.8 5 1.4 7 .0 2 3 0.8 
6.5 38 10 2.8 13 3.6 12 3.4 3 0.8 
5.5 55 27 7.6 23 6.5 3 0.8 2 0.6 
4.5 70 32 - 9.0 38 10.7 - - - " 
305 79 22.311 ) 
2.5 36 10.29 ) unsexable. 
1.5 27 7.6ý ) 

Date of sampling:, 25. VII. 58 Total number in sample. 524. 

9.5 2 2 0.4 -- - = - 8.5 15 14 2.9 1 0.2 - - - - 
7.5 25 22 4.2 3 0*6 - - - - 
6.5 41 29 5.5 5 1.0 4 0.8 3 0.6 
5.5 73 31 5.9 19 3.6 14 2.9 9 1.7 
4.5 70 24 4.6 37 7.1 5 1.0 4 0.8 
3.5 74 14.1$ ) 
2.5 144 27.5$) nnsexable. 
1.5 80 15.3 ) 
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Details of the monthly samples. 

A. aRuatious Le, Buckley Lake, Plintthire. 

Date of sampling: 24. V111958. Total number in sample, 157. 

Size of Total Males Females Ovtgerous Females 
group in with small females with empty 

memo* group 
N j 

lamellae 
No % No ö pouches. 

No % 
. o. o . . . . 0 

10.5 1 1 0.6 -- - - -- 
9.5 0 -- 815 4 4 2.5 -- - - -- 
7.5 1© 10 6.4 - -' - -y -- 
6.5 13 7 4.5 2ý 1.3 4- 2.5 - -- 
5.5 25 13 8.3 6 3.8 5- 3.2 1 0.6 
4.5 31 13 8.3 16 1012 2 1.3 -- 
3.5 27 17.27 ) 
2.5 20 12.7Ye ) unsexable. 
1.5 26 16.6 ) 

Date of sampling: 8.15.58. Total number in sample, 165. 

8.5 .2 2 102 
7.5 8 8 5.5 "- - - - -- 
6.5 15 12 7.3 3 1.8 - - -- 
5.5 24 17 10.3 7 4.2 - - -- 
4.5 29 12 7.3 17 10.4 - - -- 3.5 30 118.2% ) 
2.5 27 16.4yä ) unsexable. 
1.5 30 18.2% ) 

Date of sampling: 27.1X. 58. Total number in sample, 142. 

8.5 1 1 0.7 - - -- 7,5 3 3 2.1 - -' - - -- 6.5 15. 15 10.6 -- - - -- 
5.5 15 7 4.9 7 4"9 - 1 0.7 -- 4.5 24 11 7.7 13 9.1 - - -- 3.5 22 15.5e- 
2.5 41 28.90 ) unsexable. 
1.5 21 14, S% ) 
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Details of the monthly samples. 

A. Eaanatiens L, Buokley, Lake, Flintehire. 

Date of'sampling: 24.1.58. Total number in sample, 169. 

Size of 
group 

m. mo 

Total 
in 

group 

Males 

No. %. ' 

Females 
with small 

lamellae 
No. %. 

Ovigerous 
females 

No. 9b. 

Females 
with empty 

pouches 
No. %. 

10.5 2 2 1.2 -- "" w 9.5 10 10 5.9 - 
8.5 10 6 3.6 4 2.4 
7.5 23 13 7.7 10 5.9 
6.5 31 16 9.5 15 8.9 
5.5 33 21 1205 12 7.1 -- 4.5 29 8.3 14 15 8.9 
3.5 21 , 12.5% ) 
2.5 9 5.3 ) unseseble. 
1.5 1 . 

006%, ) 

Date of sampling: 29.1I. 58. 'Total number in-sample, 288. 

12.5 3 3 1.1 
r rVrrr 

11.5 19 19 6.7 r ---- 10.5 29 28 9.9 1 0.3 ---- 9.5 28 22 7.8 6 2.1 -r-- 8.5 53 30 10.6 23 8.2 --- 
7.5 36 16 5.7 20 7.1 ---- 6.5 24 12 4.3 12 4.3 r--- 5.5 42 17 6.0 25 8.8 --- 4.5 28 .93.2 19 6.7 ---- 3.5 17 6.0. ) : 2.5 3 1.3. 

,). 
uneexable. 
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Details of the monthly samples. 

A. r aäuatious L. Buokley Lake; Flintahire. 

Date of sampling: 22. =. 58. Total number in sample, 122. 

Size of Total Males Females Ovigerous Females 
group in with small females with empty 

m. m* group lamellae pouohea 
No. No. %. - No. f. " No. 

12.5 1 1 0.8 
11.5 11 11 9.0 :" _ _ _ _ 
10.5 11 10 8.2 1 0.8 - - w .. 

9.5 21 15 12.3 6 4.9 00 - - "- 
8.5 20 15 12.3 5 4.1 
7: 5 12 8 6.6 4 3.3 - 
6.5 11 5 4.1 6 4.9 - - - - 
5.5 11 5 4.1 6 4.9 - - - - 
4.5 16 8 6.6 8 6.6 - - - 
3.5 8 6.6%) Unsexable. 

Date of sampling: 24.1.59. Total number in sample, 99. 

12.5 5 5 510 - - :. _ _ 
U. S 8 7 7.1 1 1.0 on - - - 
10.5 15 12 12.1 3 3.0 - - - 

9.5 9 6 6.1 3 3.0 - - - 
8.5 18 9 9.1 9 9: 1 - - - -' 
7.5 18 8 8.1 10 10.1 - - r _ 
6.5 6 3 3.0 3 3.0 - - - - 
5,5 13 7 7.1 6 6.1 ." - r r 

4.5 5 3' 3.0 ... 2-- 2.0 - - - - 
3.5 2 2.0%) unsexable. 
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Details of the monthly samples. 

A. aguatiaus L., Buckley Lake, Flintshire. 

Date of sampling: 3.111.59. Total number in sample, 358. 

Size of Total Males Females Ovigerous Females 
group in with small females with empty 

m. mo group lamellae pouches. 
No. ä. No. ý. No. ö. No. fib. 

12.5 1 1 0.3 - ----- 
11.5 3 3 0.8 - ----- 
10.5 17 17 4.7 - ----- 

9.5 22 22 6.1 - ----- 
8.5 44 26 7.3 17 4.7 1 0.3 
7.5 44 21 5.9 21 5.9 2 0.6 -- 
6.5 32 13 3.6 17 4.7 2 0.6 -- 5.5 37 18 5.0 19 5.3 ---- 
4.5 43 17 4.7 26 7.3 ---- 
3.5 51 14.2 ö) 
2.5 50 14.0r ) unsexable. 
1.5 14 3.9ý ) 

Date of sampling: 30.111.59. Total number in sample, 173. 

12.5 3 3 1.7 - - - --- 
11.5 3 3 1,7 - - - --- 10.5 9 9 5.2 - - - --- 

9.5 7 4 2.3 - - 3 1.7 -- 
8.5 15 12 7,0 - - 3 1.7 -- 
7.5 14 4 2.3 1 0.6 7 4.0 2 1.2 
6.5 17 7 4.0 6 314 4 2.3 -- 5.5 19 7 4.0 11 6.4 1 0.6 -- 4.5 29 14 8t1 15 8.7 - --- 3: 5 36 21.0ü 
2.5 20 11.6ý ) unsexable. 
1.5 1 0.65 
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Details of the monthly samples. 

A. equations L., Buokley Lake; Flintshire. 

Date of sampling: 27.1V. 59. - Total cumber in sample, 178. 

Size of Total Males Females Ovigeroue Females. 
group in with small females with empty 
m. mo group lamellae pouohes. 

No, %' No, %. No. %* No. ýo. 

12.5 1 1 0.6 .-_ - - w w 

11.5 2 2 1,2 -- - - - 10,5 3 3 1.7 
9.5 3 2 1.2 "1 0.6 
8ý5 18 10 506 '-_ -6 3.4 2 1.2 
7.5 19 8 4.5 -- .. - --9 5.0 2 1.2 
6.5 22 11 6.2 3 1.7 8 4.5 1- 11 - 5: 5 47 16 910 21 1118 10 5.6 -. 1 0.6 
4,5 30 13 7.3 16 9.0 . - w _ .. 3.5 27 15.2% ) 
2.5 5 2.8ý u nsexable. 
1.5 1 0.6% 

Date of sampling: 27. V. 59. Total number in sample, 168. 

10.5 1 1 0.6 .. w _ w w w 9.5 0 - ww w w _ w 8.5 1 1 0.6 -- w - w w 7.5 3 3 1.8 1w w w 6.5 7 1 016 -- 6 3,6 
. 5.5 13 6 3.6 2 1.2 4 2.4 1 0.6 
4.5 9 2 1.2 6 3.6 1 0.6 - - 3.5 13 7.7% ) 
2.5 57 33.9% ") unsexable. 
1.5 64 3801f -) 
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Details of the monthly samples. 

A. aquatiaus L., Buckley Lake, Flintshire. 

Date of sampling: 30. V1.59. Total number in sample, 188. 

Size"of Total Males Females Ovigerous Females 
group in with small females with. "empty 

m. mo group 
No j-. 

lamellae 
No. No. C. pouohes. 

No. i. 
. 

7.5 1 1 0.5 - : - -- - -. 
6.5 16 15 8.0 1.0.5 -- -- 
5.5 42 17 9.0 14 7,4 10 5.3 1 0.5 
4.5 54 20 10.6 28.14.9 4 2.1 2 1.1 
3.5 36 19.2j ) 
2.5 20 10.6 ) unsexable. 
1.5 19 10.14t )ý 

Date of sampling: 30. V11.59. Total number in sample, 155. 

7.5 6 6 3.9 -. 6.5 19 18 3.196 1 0.6 - - - - 5.5 36 24 1505 5 3.2 7 4.5 - - 4.5 39 11 7.1 20 1209 7 4.5 1 096 
3.5 27 17.4 ö) 
2.5 19 12.3 ) unsexable. 
1.5 9 5.8ý ) 

Date of sampling: 7.1X. 59. Total number in sample, 236. 

8,5 1 1 0,4 -- - - - - 7.5 .8 .83.4 -- - - - - 6.5 39 38 16.1 1 0.4 - - -- - 5.5 56 42 17.8 10 4.2 4 1.7 - - 4.5 58 30 12.7 17 7.2 10 4.2 1 0.4 
3.5 35 14.87 ) 
2.5 25 10.6$ unsexable. 
1.5 14 5.9ý ) 
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Detaile of the monthly samples. 

A. aguatious L., Buckley Lake,. Flintshire.. 

Date of sampling: . 6. X. 59. Total number in sample, 279. 

Size of Total Males Females Ovigerous Females 
in in with small females with empty 

group group lamall e pouohes. 
m. m. No. j0. No. /0. . 

No, jo. yo. 
" 

No, 

805 - 7 7 2.5' - - 7.5 46 44 15.8- 2 0e7- 
6.5 58 41 14.7 17 6,1- 
515 73 40 14.3 31 11.1 
4.5 41 16 5.7 25 9.0 
3.5 25 9.0% 
2.5 " 22 7.9% i unsexable. 
1.5 7 ß. 5ö 

a-rr 
2 0.7 

-r 

Date of sampling: 2. äl. 59. Total number in sample, 202. 

905 3 3 1115 - ----- 8.5 10 9 4.4 1 0.5 ---- 7.5 33 22 10.9 11 5.5 ---- 6.5 52 25 1204 27 13.4 ---- 5.5 45 16 7.9 29 14.3 :---- 
4.5 24 12 5.9 12 5.9 1i --- 3.5 19 9.4%o) 

5 2 3 1 % ). ungezable. 6 
.5 3 .4 
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Table 2. Details of the monthly samples of 

A. meridiunus fron Pcdeocaood Lake, 

Flintshire, collected fron the 24th 

October 1957 until the End November 

1959. 
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Dc tci1; > of tie r:, oJ thly 

A. ^ieridic. mi Rao., 'üde: ývjood L:: _: c, Fliut hire. 

Dr: to of 24. X. 57. To t:: l un.: aüer in -ýcuple , 261. 

Sino of Total Malec Female. 0v1 erouo Fe muleo 
in vi th euall fo:.. ule: with eupty 

ýrouý Irv in la: ýý: ll e ? ouche . 
:.. 4ý. IIo . -To. ; ý. Zlo. ; '. IT Q . ;.. 

. 8.5 1 1 0.5 -- - - - - 7.5 9 6 2.4 2 0.8 1 0.4 - - 6.5 14 7 2.7 4 1.6 2 0.8 1 0.4 
5.5 53 37 14.2 8 3.1 7 2.7 1 0.4 
X4.5 75 27 10.3 47 18.0 1 0.4 - - 3.5 53 10 3.4 43 16.9 - - - - 2.5 
1.5 

41 
15 

15.75 )oe. 
ýable 5.7ýv ) 

Date of samplin g: 28.21.57. Total number in eaciple, 262. 

815 2 2 0.8 -- - - - - 7.5 2 2 0.8 -- - - - - 6.5 12 9 3: 4 3 1.2 - - - - 5.5 G2 38 145 23 8.8 1 0.4 - - 4.5 72 31 11.8 41 15.6 - - - - 3.5 57 29 11.1 28 10.7 - - - - 2.5 3G 13.65 unoownble 1.5 19 7.3ý> . 
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Details of the monthly samples. 

A. meridianuc Rue., Padeowood Lake, Flintshire. 

Date of 3; mpliný: 23.11.57. Totc1 number iii sample, 899. 
(only of sample actually: cinalyced) 

Size of Total Males Females 0vi0-erouo Females 
in in with small females with empty 

ý; r0up group lamallue pouohe ;. 
memo No. ; ý. No. ; *. No. 15. No. ;. ý. 

9.5 0.5 0.5 0.2 -- -- -- 8.5 3.2 2.2 1.0 1 0.4 -- -- 
7.5 13.5 8.5 3.8 5 2.2 -- -- 
6.5 35 17 7.6 18 8.0 -- -- 
5.5 53 22 0.8 31 13.8 -- -- 4.5 60 23 10.2 37 16.5 -- -- 315 37 11 4.9 2G 11.6 -- -- 2.5 
1.5 

17.5 
5 

7.8-, 
2.2ý 

)e 
) exable. 

Date of eomplinG: 29.1.58. Totcl number in sample, 375. 

9.5 2 2 015 -- -- -- 8.5 6 5 1.3 1 0.3 -- -- 7.5 8 3 0.8 5 1.3 -- -- 6.5 43 14 3.7 23 7.5 1 0.3 -- 5.5 105 30 8.0 74 19.8 1 0.3 -- 4.5 120 27 7.2 93 24.9 - 3.5 51 16 4.; 35 9.5 
2,5 
1.5 

27 
13 

7.23ý 
3.45 

) 
) un°exiAle. 
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Details of the monthly samples. 

A. meridianns Rcc., Padocivood Lake, F4. intohire. 

Date of sampling: 27.11.50. Total number in sample, 209. 

Size of 
in 

;; roue 
memo 

Total 
in 

group 

Ltalea 

Ido. 

Females 
with small 

lamallge 
No. ; 

0vi-erous 
females 

No. ;. 

Femcles 
with empty 

nouoheq. flo. ; 

10.5. 1 1 0.5 -- - - - - 
9.5 3 3 115 -- - - - - 
8.5 9 5 2.5 1 015 3 1.5 - - 
7.5 36 7 3.3 16 7,7 12 5.7 1 0.5 
6.5 59 3 1.5 45 21.5 10 4,8 1 0.5 
5.5 56 14 6.7 40 19.1 2 1.0 - - 4.5 32 7 3.3 25 12.0 - - - - 3,5 11 3 1.5 8 3.8 - - - - 2.5 2 1.0ýý ) un sexablo . 

Dato of samplin : 27.111.58. Total number in sample, 328. 

9.5 ß 3 0.9 3 0.9 2 0.6 
8.5 19 10 3.0 1 0.3 5 1,5 3 0.9 
7.5 40 12 3.7 1 0.3 26 7,9 1 013 
6.5 104 17 5.2 9 2.7 75 22.9 3 0.9 
5,5 85 5 1.5 29 8.8 49 14.9 2 0.6 
4.5 49 14 4.3 33 10.1 2 0.6 - - 3.5 19 11 3.3 8 2.5 - - - - 
2.5 4 1,2 ) un : +o.;.; Ulo, 

Dato of namnli ng: 25 . 1V. 58 . Total number in uample, 530. 
(only ?o f arrii) 1e un älu.. ed) . 

9.5 3.5 2 0.8 0.5 0.2 0.5 0.2 0.5 0.2, 
8.5 13 3 1.1 2 0.6 6 2.3 2 O. u 
7.5 77 9 3.4 2 018 52 19.6 14 5,3 
6.5 88 10 518 - 73 27.5 5 1.9 
5 5 16 3 3 1 20 7 4 34 12.8 3 1.1 . 

.5 
. 12 , 

3,5 4 3 l, 1 1 0.4 - - - - 215 15 0 1.5 1 c. 0 . C., 
) 

unc exable. 
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D3tails of the monthly snt 1es. 

A., meridisnus Rac., Padostivood Lcke, Flintshire. 

Date of sampling: 27. V. 58. Total number in sample, 632. 

Size of Total Males Females Ovi'gertous Feriiules 
in in With small females with empty 

'Troup group lonallae oouches. 
n. m. No. ý0 11109 ; ý. Ito. ; ý. flo. ; a. 

9.5 6 2 0.3 4 0.6 - 8.5 17 1 0.2 3 0.5 12 1.9 1 0.2 
7.5 44 10 1.6 13 2.1 15 2.3 6 0.9 
6.5 51 17 2.7 -7 1.1 17 2.7 10 1.6 
5.5 41 11 1.7 3 0.9 20 3.2 4 0.6 
4.5 20 8 1.3 9 1.5 2 0. 1 0.2 
3.5 34 11 1.7 23 3.7 - - - - 
2.5 175 27.75 ; 

unnexable. 1.5 244 38.65, 

Date of sar jý1in-;: 25. V1.58. Total number in iwm lo 870. 

8.5 7 1 0.1 2 0.2 - - 4 0.4 
7.5 7 1 0.1 - - 2 0.2 4 0.4 
6.5 14 6 0.7 2 0.2 3 013 3 0.3 
5.5 17 7 0.8 7 0.8 1 0.1 2 0.2 
4.5 85 59 6.8 25 2,9 1 011 - - 
315 193 77 8.9 110 13.3 - - - - 2,5 274 31.5/10 ) un , mexable. 
1.5 273 31.4; ti' ) 

Date of oam 1inL;: 25, V11.58. TotLl nwnber in ü:. mple, 882. 

8.5 1 -- 1 0.1 - - - - 7.5 2 - 1 0.1 1 0.1 - - 6.5 8 5 0.6 0.2 1 0.1 - - 5.5 35 24 2.7 5 0.6 5 0.6 1 0.1 
:. 5 94 58 6.6 19 2.2 17 2.0 - - 3.5 191 111 3,2 6 60 9.0 

2.5 
1.5 

270 
281 

30.6`, S 
'ünc; eab 31.8 ) l©. 
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uarn iea. Details of the mornthly, 

A. rleridionue Rac., Padec', ̀rood LEie, Flint$hire.. 

Date of sem_)lin : 24. Vll. 58. Total number in . ample, 487. 

Size of Total. Males Females Oviserouo Fecmuleo 
in in with small fecides with empty 

-roue STroup J laniallae pouohoo. 
ri. M., Ito . 

ý. Iio ., Ila. ; 3. No .; 

6.5 6 3 016 2 0.4 1 0.2 -- 
5.5 57 36 7.4 6 1.2 13 2.7 3 0.4 
4.5 106 N9 5.9 41 BOA_ 33 6.7 3 0.6 
3.5 127 46 9.5 81 16.6 --- P- 
2'. .5 149 30.6;; j 

un e: cýý. ý6 1©. 
1.5 42 3.6ýa ) 

Dates uamplin,: 27.1X. 53. Total number in ü rs; ýle, 342. 

0 .5 10 
.9 

216 1 0.3 -- 
5.5 38 16 4.7 6 1.8 16 4.7 - 
4.5 89 27 7,9 30 8.8 31 9.1 1 0.3 
3.5 G7 29 8.5 38 11.1 ---- 
2.5 98 08 ) 

un ^vxta51e. 115 40 11,7 

D: ito of oei. plinZ 24.:. 58, Tot---l .a ibor in : aaai; le, 255. 

7.5 4 2 0.8 2 0.8 
6.5 6 3 1.1 3 1.1 
5.5 38 16 6.3 20 7.8 
ß's. 5 72 30 11.4 38 14.9 
3.5 62 28 10.6 34 13.4 
2.5 48 18. 4) un cxt:, b le. 
1.5 25 9. 0,, i 

1 0.4 1 0.4 
3 1.1 1 0.4 
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Details of the monthly samples. 

A. rneridinnus. Rao,, Padescvood Lake, Flintshire. 

Date of sampling 29. X1.58. Total number in sample, 272. 

Size of Total Male s Femc1es ©vigcrous Fen. &1os 
in in with small fems. lec with em2ty 

mrouv STOUP lumcllea ouches. 
M. M. No, 

0 
No. ýý. ITo. 

ý O. ýý. 

8.5 6 6 2.2 
7.5 11 8 2.9 3 1.1 - --- 6.5 28 13 4.8 15 5.5 - --- 5.5 57 26 9.6 30 11.0 - -10.4 4.5 80 28 10,3 52 19.1 - --- 
3.5 55 14 5.1 41 15.1 - --- 2.5 27 9109 

un sexable 1.5 . 

Date of sampling 22. X11.58. Total number in sample, 189. 

9.5 2 2 1.0 - 8.5 3 3 1.6 -ý- --- 7.5 4 3 1.6 1 0; 5 --- 6.5 22 10 5.3 12 6.3 - --- 505 44 20 10; 6 24 12.7 - --- 4.5 62 17 9.0 44 23.3 - -10.5 3.5 33 6 3.2 27 14.3 - --- 
1.5 

13 
1.65)sexýzble . 

Date of sampling 24.1.59. Total number in aample, 255. 

9.5 3 2 0.8 1 0.4 
5 7 2 75 . 2 .9 15 q 2.8 - --- 

6.5 47 17 6.7 30 11.8 - --- 5.5 63 14 5.5 49 19.2 - --- 4.5 67 13 5.1 54 21.2 - -- -- 3.5 34 5 1.9 29 11.4 - --- 2.5 
1.5 

10 
2 

3.9ý, 
0.8 ;) un tie: able. 
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Details of the monthly samples. 

A. meridianus Rae., Pcdeo ood Lake, Flintchire. 

Date of sampling: 3.111.59. Total number in sample, 315. 

Size of Total 11ales Females Ovi serous Fer ules 
in f in with stroll feraules with empty 

group group lnrallae ou p oheq. 
m, M, IJo . 110 0 TJo . o. iý. 

9.5 3 3 1.0 - - -- 8.5 14 14 4.4 -- - - - - 
7.5 15 10 3.2 -- 5 1.6 - - 6.5 36 17 5.4 10 3.2 9 2.9 - - 5.5 86 25 17.9 57 18.1 4 1.2 - - 4.5 85 20 6.3 65 20.6 - - - - 3.5 43 14 4.4 29 9.2 - - - - 2.5 26 8.2 ) un sexoble. 1.5 7 2.2vß ) 

Date of sampling: 30.111.59 . Total number in sa mple, 177. 

8.5 2 2 1.1 -- - - - - 
7.5 15 8 4.5 1 0.5 5 2.8 1 0.5 
6.5 24 9 5.0 1 0.5 13 7.3 1 0.5 
5.5 35 5 2.8 23 13.0 7 4.0 - - 
4.5 40 11 6.2 28 16.0 1 0.5 - - 3.5 36 12 6.7 24 13.5 - - - - 2.5 
1.5 

19 
6 

" 10.7iß 
3.4 ' unsexable. ) 

Date of sampling: 27.1V. 59. Total uuraber in sample, 133. 

8.5 1 1 0.7 -- - - - - 7.5 2 - - 1 0.7 - - 1 0.7 
6.5 20 5 3.7 3 2.2 10 7.5 2 1.5 
5.5 24 5 3.7 6 4.5 12 9.0 1 0.7 
4.5 30 13 10.0 17 13.0 - - - - 3.5 25 14 11.5 11 8.3 - 
2.5 29 21.3 unsexeble. 1.5 2 1.5yß 
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Details of the monthly samples. 

A. meridianus Rae., Padesvood Lake, Flintshire. 

Date of sampling 27. V. 59. Total number in samole, 153. 

Size of Total Males Females Ovigerouo Feualeo 
in in with small fema les with empty 
roup group 

N 
1amallae 
N No e ouolie q,. Wo % m. m. o. o. . d. . . 

7.5 3 -- 1 0.7 2 1.3 -- 
6.5 9 6 4.0 1 0.7 2 1.3 -- 
5.5 27 6 4.0 4 2.6 12 8.0 5 3.3 
4.5 23 11 7.0 10 6.5 2 1.3 -- 
3.5 27 15 9.9 12 7.8 - - -- 
2.5 
1 

32 N0.8/0 ) 
20 8) tzn oexeble . 

.5 32 . 

Date of sampling 30. vl. 59. Total number in sample, 112. 

7.5 3 -- -- - - 3 2.7 
6.5 1 1 0.9 -- - - -- 
5.5 3 1 0.9 -- 2 1.8 -- 
4.5 12 6 5.4 1 0.9 5 4.5 -- 
3.5 20 11 9.9 9 8.0 - - -- 

) 
unsexoble. 1.5 46 41.1 

w 

Date of sampling 30. V11.59. Total number in sample, 192. 

6: 5 7 7 3.6 -- - ý -- 
5.5 38 33 17.2 1 0.5 2 110 2 1.0 
4.5 69 13 6.7 24 12.5 32 16.7 -- 
3.5 49 16 8.3 32 16.7 1 0.5 -- 

2,5 7 2 ) 1 
unsezable. 1.5 2 1.0 
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Details of the monthly sat ies. 

A. r. 1eridiann3 Rac., Padeswood Lc're, Flintehire. 

Date of serlpling 7.1X. 59. Total number in sar; ple, 104. 

Size of Total Mole s Females 0vi serous Females 
in in with small females v+ith ©na ty 

group group lamallse pouches. 
m. m. 110. No. P, No. ; ý. flo, jý. 

7.5 3 2.9 - -- - 6.5 10 7 6.7 1 1.0 1 100 1 1.0 
5.5 20 7 6.7 6 5.7 6 5.7 1 1.0 
415 28 6 5.7 12 11.4 10 9.5 - - 
3.5 19 8 7.7 11 10.5 - -- - - 
2.5 
1.5 

20 
4 

19,0 
3.8t ý) uns exoble, 

Date of sampling 6. X. 59. Total number in sample, 122. 

7.5 1 1 0.9 -- -- -- - 
6.5 3 3 2.4 -- -- - - 
5.5 14 7 5.7 3 2.4 2 1.6 2 1.6 
4.5 14 3 2.4 6 4.9 3 2.4 2 1.6 
3.5 35 18 14.6 17 13.8 -- - - 
2.5 37 30.1jß , exable 1.5 18 14.6 

Date of sampling 2. X1.59, Total number in sample, 134. 

8.5 1 1 0.7 
7.5 2 2 1.5 -- -- - - 6.5 15 10 7.5 5 3.7 -- - - 
5.5 33 15 11.1 18 13.4 -- - - 
4.5 37 12 9.0 25 18,6 "- - - 
3.5 33 13 9.7 20 15.0 -- - - 
2.5 0 1 Q 2 

unser able. 1.5 3 . 
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Details of the regular samples from Llyn Llyvenon, Anglesey. 

. A. aiusticus (L, ) 

Date of sam lin; 10. X. 57. Total number in sample, 69. 

Size of Total i: tales Females OviGerous Females 
group in with small females with empty 

m. m* group lamellae poaches 
ITo. No. ; 3. Ito . 

/3. ITo. ;. 

9.5 
8.5 
7.5 
6.5 
5.5 
4.5 
3.5 

1 
4 

14 
15 
12 
16 

7 

--11.5 ---- 
4 5.8 ------ 
7 10.1 7 10.1 ---- 
9 13.0 6 8.7 ---- 
8 11.6 4 5.8 ---- 
7 10.1 9 13.0 ---- 

10.15) unsexable. 

Date of sampling 12. X11.57. Total number in sample, 85. 

11.5 1 1 1.2 ------ 
10.5 4 4 4.7 ------ 9.5 2 1 1.2 1 1.2 -- --- 8.5 7 5 5.9 2 2.4 ---- 7.5. 19 12 14.1 7 8.2 -ý-- 

6'5 9 4 4.7 5 5.9 ---- 
5.5 12 3 3.5 9 1016. ---- 
4.5 5 2 2.4 3 3.5 ---- 3.5 15 . 7jýo ) 
2.5 7 8.2; '0 ) unsexable. 
1.5 4 4.7Vä ) 
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Details of the regular samples from Llyn Llytivenan, Anglesey. 

A. acuaticus (L. ) 

Date of sampling 21.11.58. Total number in sample, 100. 

Size of Total Males Female's Ovi erous Females 

group in vith small females vvith empty 
lamellae pouches m. no groný y No. Leo . ; ýý. Ido. ITO .. 

ell 

11.5 3 3 3 
10.5 3 3 3 

9.5 12 12 12 
8.5 22 16 16 2 
7.5 26 9 9 13 
6.5 19 2 2 14 
5.5 6 3 33 
4.5 6 1 1"5 
3.5 2 20 ) Unsexable. 
2.5 1 1`ý ) 

24 4- - 
13 44-- 
14 33-- 

3---- 
5---- 

Date of sampling 17.1V. 58. Total number in sample, 129. 

9.5 4 -- =- - 
8.5 25 2 1.6 -- 
7.5 41 5 3.9 - 
6.5 18 3 2.3 3 2.3 
5.5 16 10 7.8 6 4.6 
4.5 9 4"3.1 5 3.9 
3.5 12 9.3; j 
2.5 4 3.1 i unsexable. 

4 3.1 -- 
22 16.5 1 0.3 
33 25.6 3 2.3 
12 9.3 -- 



/0.3y- 

Details of the regualr samples from Llyn Llywenan, Anglesey. 

A. aguaticus (L. ) 

Date of sampling 30. V1.58. Total number in sample, 212. 

Size of Total 1.4ales Females Ovigerous Females 
group in with small females with empty 

m. m, group lamellae pouches 
No . 

e. No .f. No . 
g. No . 

w. 

8.5 1 1 0.5 -- - - -- 7.5 5 4 1.9 1 1.5 - - -- 6.5 4 3 1.4 1 1.5 - - -- 
5.5 28 21 9.9 3 1.4 3 1.4 1 0.5 
4.5 56 29' 13.7 24 11.3 2 1.0 -1 0.5 
3.5 61 28.8 ö ) 
2.5 47 22.2yß ) unsexable. 
1.5 10 4.7 ) 

Date of sampling 21.1X. 58. Total number in sample, 2840 

8.5 1 - - 1 0.4 - - -- 7.5 1 1 014 -- - -- 6.5 7 6 2.1 -- 1 0.4 -- 5.5 32 18 6.3 12 4.2 2 0.7 -- 
4.5 66 21 7.4 43 15.2 - - 2 0.7 
3.5 65 22.9ö ) 
2.5 71 25.0 ) unsexable). 
1.5 42 14.8yß ) 
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Details of the regular samples from Llyn Llyvvenan, Anglesey. 

A. rneridianus Rac. 

Date of sampling 10. X. 57. - Total number in sample, 293. 

Size of Total Yales Females Ovieerous Females 
group in with small females with empty 

m. m* group lamellae pouchbs 
. TdO. ä. TTO. %o0 N0. j. No. 

týo5 1 1 00 3- =- ---- 
6.5 20 20 6.8 ----- 
5.5 79 73 24.9 5 1.7 1 0.3 -- 
4.5 77 41 14.0 25 8.5 10 3.4 1 0.3 
3.5 58 24 8.2 23 7.8 8 2.7 3 1.0 
2.5 39 jýJ 13 ) 

unsexable. 115 19 

Date of sampling 12. X11.57. Total number in sorple, 23'i. 

9.5 2 20.9 
-- - --- 

8.5 1 1 0.4 -- - --- 
7.5 8 8 3.4 - - =-- 
6.5 i8 16 6.8 '£ 009 - --- 
5.5 36 23 9.8 13 5.5 - --- 
4.5 57 33 14.1 24 10.3 - -- 3.5 59 30 12.8 29 12.4 - --- 2.5 
1.5 

36 
17 

15.4;; 
unsexable. 7.3ý'2 

Date of samplin, 21.11.58. Toted number in sample, 212. 

9.5 1 1 015 -- - --- 8.5 3 .31.4 -- - --- 7.5 32 30 14.1 1 0.5 1 0.5 -- 6.5 43 32 15.1 6 2.8 5 2.4 -- 
5.5 64 23 10.8 31 14.6 10 4.7 -- 4.5 34 15 7.1 18 8.5 1 0.5 -- 3.5 19 '7 8 12 5.7 - --- 2.5 16 715 uns exoble. 
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Details of the re ular su"Iles from Llyn Llywenan, AnSlosey. 

A. meridianus Rao. 

Date of sampling 17.1V. 58. Total cumber in sa:, l)le, 173 

Size of Total Males Femaleo Ovi;; eroas Femleo 
group in with small femeles with emj)ty 

m. me group lamellae paueheo 
PTO. TTo. I. TTo. Tdo. ; ý. 

7.5 1 1 0.6 - - -- -- 
6.5 11 9 5.2 - - 1 0.6 1 0.6 
5.5 38 20 11.5 2 1.2 12 6.9 4 2.3 

. 
4.5 58 26 14.9 20 11.5 12 6.9 0- 
3.5 45 25 14.4 20 11.5 a- -- 
2.5 20 11.55 ) un sexable. 

6 

Date of sampling 30. V1.58. Total number in semple, 261. 

6.5 331.1 ------ 
5.5 11 8 3.1 ----31.1 4.5 25 17 6.5 4 1.5 3 1.1 1 0.4 
3.5 88 53 20.3 25 9.6 10 3.8 -- 
2.5 105 39.9;; ), 

exable. 1.5 29 11.0; ) 
2 

Date of ^onrling 21. L''ß. 58. Total number in ecr ple, 140. 

5.5 3 2 1.4 1 0.7 ---- 
4.5 49 40 28.5 4 2.8 5 3.6 -- 
3.5 33 18 12.8 10 7.1 5 3.6 -- 
2.5 42 30. 0;, 

unee; ýaüle. 1.5 13 gý 3ý, 



Apendis C 

Table 4. Details of the regular samples of 

A. aguaticus end A. meridianus fron 

Hatchnere,,. Cheshire, collected fron 

the 10th 'June 1959 until the 30th 

November 1959. 
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Details of the regular st}mples from Hatobmere, Cheshire. 

A. aquatious L. 

Date of sampling 10. V1.59. Total number in sample, 185. 

Size of 
group 
m. mo 

Total 
in 

group 

Males 

No. %. 

Females 
with small 

lamellae 
No. %I 

Ovigerous 
females 

No. fO. 

Females 
with empty 

puohes. 
No. 

8.5 2 2 1.1 -= -- -- 
7.5 3 1 0.5 1 0.5 1 0.5 - 
6.5 7 2 1.1 4 2.2 1 0.5 - 
5.5 14 7 3.8 5 2.7 2 1.1 -- 
4.5 33 20 10.8 13 7.0 - -- -- 
3.5 46 24.9% ) 
2.5 60 32.4% ) unsexable. 
1.5 20 10.8% ) 

Date of sampling 30. Vl. 59. Total number in sample, 332. 

8.5 6 5 115 -- 1 ,, 0.3 -- 
7.5 8 7 2.1 1 0.3 - --- 
6.5 19 14 4.2 - "" 4 1,2 1 0.3 
515 40 14 4.2 20 6.0 5 1.5 1 0.3 
4,5 62 25 7.5 34 10.2 3 0.9 -- 
3.5 49 14.8 ö) 
2.5 56 16.9y) ansexable. 
1.5 92 27 . 7y ) 

Date of sampling 14. V11.59. Total number in sample, 228. 

8.5 -1 -- 1 0.4 --- 7.5 5 5 2.2 ----- 6.5 5 4 1.8 --10.4 -- 5.5 20 3 1.3 10 4.4 7 3.1 
4.5 29 17 7.4 11 4.8 1 0.4 - ." 3.5 34 14.9f ) 
2.5 56 24.6"') unsexable. 1.5 78 34.2yä ) 
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Details of the regular samples from Hatohmere, Cheshire. 

A. agnaticus L. 

Date of sampling 31. Vl1.59 Total number in sample, 160. 

Size. of Total males Females Ovigerous Females 
group in with small females with empty 

m. m* group lamellae pouches. 
No, %p" No. %' No. %. No. %. 

. 
7.5 3 2 1.3 1 o. 6 - - -- 
6.5 7 5 3.1 -- - 2 1.2 
5.5 16 9 5.6 3 1.9 3 1.9 1 0.6 
4.5 23 12 7.5 9 5.6 1 0.6 1 0.6 
3.5 27 16.9% ) 
2.5 54 33.7%) unseaable. 
1.5 30 18.7%-) 

Date of sampling 13. V111.59 Total number in sample, 233. 

8.5 1 1 0.4 -- - - - 
7.5 5 5,2.1 -- - - -- 6.5 6 V, 2.6 -- - - -- 
5.5 20 8 3.4 2 008 9 3.9 1 0.4 
4.5 25 14" 6.0 9 3.9 2 0.8 -- 3.5 52 22.3% ) 
2.5 66 28.3% ) unsexable. 
1.5 58 24.9% ) 

Date-of sampling 7.1X959. Total number in sample, 418. 

7.5 4. .. 41.0 -r r w .ýr 

6.5 17 17 4.1 -- - - - -- 5.5 47 32 7.7 8 1.9 4 1.0 3 0.7 
4.5 70 46 l0 22' 5.3 2 0.5 
3.5 88 

1 
21.0° 

. 
2.5 110 26.3% ) unseaable. 
1.5 82 19,6% ) 
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Details of the regular samples from Hatchmere, Cheshire. 

A. aguatious L. 

Date of sampling 16.1%. 59. Total number in sample, 247. 

Size of Total Males ! emales Ovigerous Females 
group in with small females with empty 

m. mo group 
N j 

lamellae 
No % No % pouches. 

No % 
. o. . . . . . . 

8,5 1 1 0.4 .. - - "" r- 
7.5 3 3 1.2 - .: " -- r- 

6.5 14 12, ' 4.9 1 0.4 1 0.4 -- 
5.5 34 23 9.3 9 3.6 -- 2 0.8 
4.5 44 29 11.7 15 6.1 -- -- - 
3.5 55 22.3% ) 
2.5 36 14.6% ) unsexable. 
1.5 60 24.30 ) 

Date of sampling 7. X. 59. Total number in sample, 204. 

8.5 4 4 200 -- -- -- 
'7.5 3 3 1.5 -- -- -- 
6.5 22 17 8.3 5 2.5 -- -- 
5.5 44 23 11.3 21 10.3 -- -- 
4.5 34 17 8.3 17 8.3 -- -- 
3.5 35 17.2% ) 
2,5 24 10.8% ) unsexable. 
1.5 38 18.6% ) 

Date of sampling 19. X. 59. Total number in sample, 166. 

9.5 1 1 0.6 - : - -- -- 8.5 13 12 7.3 1 0.6 -- -- 7.5 21 10 6.0 11 6.6 -- -- 6.5 20 13 7.9 7 4.2 
5.5 14 10 6.0 4 2.4 
4.5 17 10 6.0 7 4.2 - .. ..,. 3.5 19 1.1 .4ö) 2.5 36 21.7% ) unsexable. 
1.5 25 15.1% ) 
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Details of the regular samples from Hatohmere, Cheshire. 

A. aguatious L. 

Date of sampling 2.1.. 59. Total number in sample, 62. 

Size of Total Males Females Ovigerous Females 
group in with small females with empty 
m. mo group lamellae pouohes . No. %. No. %. No, p. No. %. 

9.5 2 1 1.6 1 1.6 -- 
8.5 2 2 3.2 .. _ ..,. ,. .... 
7.5 8 4 6.4 4 6.4 "- 
6.5 7 3 4.8 4 6.4 ^- .. 5.5 6 5_8.1 1 1.6 
4,5 6 5-8.1 1 1.6 
3.5 7 11.3 ö) 
2.5 13 21. O ) unsexable. 
1.5 11 17.7 ) 

Date of sampling 16. Xl. 59. Total number in sample, 336. 

11.5 2 2 0.6 - ----- 10.5 15 14 4.2 1 013 ---- 9.5 29 20 5.9 9 2.7 ---- 
-8.5 47 33 9.8 14 4.2 ---- 7.5 54 27 8.0 27 8.0 ---- 6.5 34 17 5.1 17 5.1 ---- 5.5 35 18 5.4 17 5.1 ---- 4.5 36 16 4.8 20 5.9 ---- 3.5 27 8.0 ) 

2.5 40 11; 9y ) unsexable. 1.5 17 5.1 ) 
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Details of the regular samples from Hatchmere, Cheshire. 

A. aguaticus L. 

Date of sampling 30. X1.59. Total number in sample, 149. 

Size of 
group 

m. mo 

Total 
in 

group 

! '. ales 

No. 

Females 
with small 

lamellae 
No. 

Ovigeroas 
females 

No. f" 

Females 
with empty 

pouohes. 
No, 

12.5 2 2 1.3 - .: rr rr 

11.5 6 5 3.4 1 0.7 -- -- 10.5 11 9 6.0 2 1.3 rr r 

9.5 12 6 4.0 6 4.0 -r _" 

8.5- 13 5 314 8 5.4 -- -- 7.5 21 11 7.4 - 10 6.7 -- r- 
6.5 16 5 3.4 11 7.4 -- -- 5.5 13 2 1.3 11 7.4 -- -- 4.5 18 7 4.7 11 714 -- -- 3.5 23 15.4 ) 
2.5 13 8.7 ) ansexable. 
115 1 ) 0.7ý 



10,42, 

Details of the regular samples from Hatchmere, Cheshir.. 

A. meridianus Rao. 

Date of sampling 10. Vl. 59. Total number in sample, 191. 

Size of Total- Males Females Ovigerous Females 
group' in with small females with empty 

m. mo group - lamellae poaohes. 
No. f. No. %. No. %. No. 9. 

5.5 13 5 2.6 1 0.5 4 2.1 .31.6 4.5 10- 4 2.1 5 2.6- 1 0.5 
3.5 24 12-"6.2 -10 5.2 1 0.5 1 0.5 
2.5 96 50.3% )äe$able. 
1.5 48 25.1%) -. I- 

Date of sampling 30. V1.59. Total number in'sample, 310. 

5.5 331.0 -- .--- "" 4.5 11 -8 2.6 1 0.3 2 0.6 -- 
3.5 76 46 15.0 28 -8.7 2 0.6 -- 

- 2.5 - 122 39.44) 
unsexable. 1.5 98 - -31.6 ) 

Date of sampling 14. Vll. 59. Total number in sample, 287. 

5.5 110.3 
4.5 33 110 
3.5 41 21 7.3 9 3.2 10 3.5 1 0.3 
2.5 106 37.1 ä )$eaable. 
1.5 136 47.5' ) 

Date of sampling 31. V11.59. Total number in sample, 197. 

5.5 221.0 - 4.5 .431.5 --10.5 -- 3.5 39 18--- 9.1 7 3.5 14 7.1 .. 2.5 78 39.6%) 
sexable. 1.5 74 37.6y ,) 



10"c-3 

Details of the regular samples from Hatchmere, Cheshire. 

A. meridianus Rao, 

Date of sampling 13, Vl11.59. Total number in sample, 160. 

Size of Total Dales Females Ovigerous Females 
group in with small females with empty 

m. mo group lamellae poaches 
No. °%o. No, $. No. %o. No. %0. 

5.5 110.6 ---=-- 
4.5 --15 14 8.7 1 0.6 
3.5 44 18 11.3 '13 8.1 11 6.9 2 1.2 
2.5 70 43.7f ) 
1.5 30 18.7y)sexable. 

Date of sampling 7.1X. 59. Total number in sample, 192. 

4.5 17 15 7.8 1 0.5 1 0.5 
3.5 59 40 20.8 14 7.3 2 1.0 '3 1.6 
2.5 80 41.7/ ) 

unsexable. --1.5 36 18.7% ) 

Date of sampling 16.1L 59. Total number in sample, 148. 

4.5 6 -5 3.4 1 0.7 - "- 3.5 43 30 20.2 8 5.4 5 3.4 -- 2.5 60 40.5% ) 
unsexable. 1.5 39 26.40' 

Date of sampling 7. X. 59. Total number in sample, 82. 

4.5 222.4 ------ 3.5 19 .89.9 9 10.9 1 1.2 1 1.2 
2.5 28 34: 1% ) 

ýsegable' 1.5 33 40.2% 



l b. (4(4, 

Details of the regular samples from Hatohmere,. Cheshire. 

A. meridianus Rao. 

Date of sampling 19. X. 59. Total number in sample, 111. 

Size of Total Males Females Ovigerous Females 
group An with smell females with empty 

m. m. group lamellae poaohes, 
No. ý.. No., No.. v.. No.. ö.. 

5.5 2 1 0.9 1. 0.9 as --= 
4.5 16 10 9.1 5 4.5 - -. .. 

10.9 
3.5 32 21 18.8 11 10.0. --- ý". 
-2.5 45 40.5 ). 

' 1.5 16 se$able . 14.4ý ) 

Date of sampling 2. äl. 59. Total number in sample, 17. 

5.5 1 1 5.9 
4.5 3 3 17.6 ------ 
3.5 9 7 41.2 2 11.8 --- -' 
2.5 4 25.5% ) unsexable. 

Date of sampling 16. Zl. 59. Total number in sample, 53. 

5.5 1 1 1.9 ---- 4.5 10 6 11.3 4 7.5 - -_ -, 
3.5 20 9 16.9 11 20.8 ---- 
1.5 

14 37,5 
) unsexable. ' 

Date of sampling 30. X1.59. Total number in sample', 49. ' 

6.5 3 £3 6; 1 =ý---- 
5.5 10 5 10.2 5 10.21 ..:. - .° 
4.5 14 7' 14.3 7 14.3 
3.5 11 3'. 6.1 8 16.5 -- 2,5 
1.5 4 

14 ,2 J$ezable. 



A ! Dendi4 c. 

Table 5. 

Details of the sample of A. acuat1cus from a pond near 
Bidoton, Cheshire. 

10.45 

,, 30. VI. 59. Total nu öer in oe: Wple, 148a Date of a nling 

Size of Total Dales Females Ovigerous Females 
Group in vith small females with empty 

m, m* group lamellae pouches 
IIo. Ito. d. No. /0 No. ; j J 

9.5 1 1 0.7 ------ 
8.5 1 1 0.7 
7.5 3 2 1.4 1 0.7 - 
6.5 11 8 5.4 1 0.7 2 1.4 -- 
5.5 32 5 3.4 9 6.1 18 12.2 -- 
4.5 24 11 7.5 10 6.8 3 2.0 - -- 
3.5 21 14 21o ) 
2.5 27 18.21 ) nn sexable 
1.5 28 19.0. ) 

Details of the sample of A. meridianus fron a pond near 
Storetoa, Cheshire. 

Date of sampling, 30. VI. 59. Total number in sample, 211. 

7.5 1 ---- 1 0.5 -- 
6.5 4 3 1.4 -- 1 0.5 -- 
5.5 28 23 10.9 4 1.9 1 0.5 -- 
4.5 43 23 10.9 2 1.0 18 8.5 -- 
3.5 60 20 9.5 29 13.6 9 4,3 2 1.0 
2,5 
1.5 

41 
34, 

19.4! ) ýSexable 
16.1yß] 



Appendix D. 

Details of the inveotiý; --tion of the 1enLrth of time of 

incubation at various tenlDeratures. A. acuaticus 

10.46 

Date on cahich Date on which Length of Ile on 
V first bee=-e 9 began to ineubi: tion Lempo 
oviýerous release juveniles in days oC 

lt July 1959 13th July 1959 13 23.5 
4th July 1959 14th July 1959 11 23.5 
6th July 1959 18th July 1959 12 23.5 

10th J'y 1259 22nd July 1959 13 23.5 
16th July 1959 28th July 1959 13 23.5 
16th July 1959 28th July 1959 13 25.5 
15th Jane 1959 29th June 1959 15 21 
13th June 1959 29th June 1959 17 21 
15th July 1959 29th July 1959 15 21 
15th July 1959 29th July 1959 15 21 
15th July 1959 29th July 1959 15 21 
15th July 1959 30th July 1959 16 21 
16th July 1959 30th July 1959 15 21 
16th July 1959 30th July 1959 15 21 
23rd Feb. 1960 9th- Isar. 1960 15 21 
18th July 1959 1st Au 1959 15 21 
18th July 1959 31st J�1 1959 14 21 
19th June 1959 6th July 1959 18 20 
20th June 1959 9th July 1959 20 20 
20th June 1959 8th July 1959 19 20 
20th June 1959 9th July 1959 20 20 
20th June 1959 6th July 1959 17 20 
22nd June 1959 8th July 1959 17 20 
22nd June 1959 7th July 1959 16 20 
22nd June 1959 9th July 1959 18 20 
26th Feb. 1960 16th Mar. 1960 19 19 
23rd Feb. 1960 13th Liar. 1960 19 19 

6th July 1959 23rd July 1959 =_18 18 
9th July 1959 29th July 1959 21 18 

10th July 1959 29th July 1959 20 18 
10th July 1959 29th July 1959 20 18 
14th July 1959 31st July 1959 18 18 
23rd Mar. 1959 7th May 1959 46 10 
25th Eiar. 1959 8th May 1959 45 10 
31st Isar. 1959 14th May 1959 45 10 
23rd June 1959 50+ 8.5 
24th June 1959 Some date 494 8.5 
24th June 1959 ) later than 494 8.5 
24th June 1959 ) 11th Aug. 1959 19-t 8.5 
24th Ju, e 1959 ) 49k 3.5 



10.47 

Table continued...... 

Date on r. hich 
first became 

ovioerous 

Date on which 
9 began to 
releace juveniles 

A. nieridianus 

Length of Ile an 
incubation ter: 2. 
in days 00 

4-th July 1959 15th July 1959 12 23.5 
16th July 1959 29th July 1959 14 23.5 
26th Feb. 1960 11th Ilarcb. 1960 15 21 
13th June 1959 27thi Jxae 1959 15 21 
13th June 1959 27th Jae 1959 15 21 

8th J ly }959 21st July 1959 14 21 
23rd June , 1959 11th July 1959 19 20 
23rd June 1959 11th July 1959 19 20 
23rd June 1959 10th July 1959 18 20 
24th June 1959 11th July 1959 18 31.0 
26th Feb. 1960 14th Mar. 1960 18 19 
26th Feb. 1960 14th Tsar. 1960 18 19 
26th Feb. 1960 15th Mar, 1960 19 19 
26th Feb. 1960 16th Zlar. 1960 20 19 

6th July 1959 25th July 1959 20 18 
11th June 1959 3rd July 1959 23 18 

6th July 1959 24th July 1959 19 18 
6th July 1959 26th July 1959 21 18 

11th June 1959 3rd July 1959 23 18 
11th July 1959 31st July 1959 21 18 

4th July 1959 20th July 1959 17 18 
10th July 1959 31st July 1959 22 18 

2nd April 1959 14th May 1959 43 10 
20th Mar. 1959 30th A; ýril 1959 42 10 
25th June 1959 Some date 484 8.5 
25th June 1959 later than 48+ 8.5 
26th June 1959 11th Aug. 1959 47+ 8.5 
27th June 1959 ) 46; - 8.5. 



10.48 

Annendiz 1 1. 

Deft ils of t .eý. ýý ers of es or erbrýTos wiVii n the brood 

ruches of ovigerou2 females of A. eouetieus and A. meridianus. 

A. aow jtl icüc 

Size of Average no. of 
fe nle Month ears or embryos 
( .) 

r(a)-(c) only) 

No. of 
feieles upon 
diich average 

is based 

10.5 May 161.0 1 
9.5 February 114.5 4 
9.5 I. 1. rrch 144.0 5 
9.5 A, )ril 142.7 3 
.5 Iy 106.5 2 
2,5 February 101.5 2 
8.5 March 106.5 14 
8.5 April 95.8 18 
6.5 May 108.0 1 
7,5 February 62.7 3 
7.5 March 82.2 19 
7.5 Ay-)ril 92.0 31 
7.5 I1, y 63.5 4 
7.5 June 41.7 3 
6.5 March- 62.7 6 
6.5 April 60.0 24 
6.5 May 52.9 11 
6.5 June 32.4 8 
6.5 July 42.7 3 
6.5 September 44.5 2 
5.5 April 36.3 10 
5.5 May 35.1 9 
5.5 June 26.0 15 
5.5 July 24.8 23 
5.5 August 30.1 15 
5.5 September 24.5 2 
4.5 May 24.0 1 
4.5 June 10.7 6 
4.5 July 18.3 11 
4.5 August 18.3 10 



10.49 

A. rneridienu3 

Average no. of c'ize of 
fec^J. e Month e-s or embryos 
(. ) fa)-(o) 

only) 

No. of' 
females upon 
which average 

is based 

9.5 March 99.0 1 
9.5 May 116.5 2 
8.5 February 72.0 3 
8.5 March 80.0 1 
8.5 Lay 67.0 8 
7,5- February 59.7 16 
7.5- March 60.0 26 
7.5 A )ril 59.7 20 
7,5 I37 58.5 11 
7.5 July 41.0 1 
6.5 February 49.0 15 
6.5 llardh 53.8 75 
6.5 April 44.0 52 
6.5 May 39.9 13 
6.5 June 26.0 1 
6.5 September 40.0 1 
5.5 February 37.6 5 
5.5 Parch 45.0 50 
5.5 April 35.1 37 
5.5 May 26.7 23 
5.5 June 29.5 -2 5.5 July 18.8 5 
5.5 August 25.2 15 
5.5 September 30.9 12 
4.5 March 38.0 3 
4.5 May 19.0 4 
4.5 June 18.5 4 
4.5 July 17.9 45 
4.5 August 17.7 33 
4.5 September 18.9 27 
3.5 June 9.3 11 
3.5 July 10.8 21 
3.5 August 10.4 9 
3.5 September 10.1".. 10 
3.5 October 13.7 6 


