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Population dynamics and feeding habits of the chaetognaths
5a:gitta elegans Verrill and 5aptt3 setosa Muller in Manx

waters, North Irish Sea

ABSTRACT.

The food and feeding habits were studied of two common

chaetognath species in the Irish Sea, Sag/tta elegaos and S.

getosa . Food analyses were carried out for 21351 specimens.

Results include size frequencies and gonadic stages of the

an

During the two years of sampling (1986-1987), it was found

that .5, elegaos overwintered mainly as stage II, with small

numbers of stage I and no stage III. Stage III became dominant

in the population in March; spawning took place in April and

continued until the end of the summer. Animals of this

species die after spawning and no mature gonadic stage III

were caught by mid-autumm. elegaos has a one-year life

cycle in the studied area and animals attained a maximum

length of 23 mm. The largest specimens of 5, elegumg showed a

typical vertical migration. They were found more or less

evenly distributed in the water column at night, but they were

scarce near surface by day. Recently hatched organisms showed

minimal migratory behaviour. 	 It is proposed that .5, elegam:

migrates downwards mainly to avoid predation and also that

small sagittas of this species do not migrate, possibly due to

inefficient swimming capacity or to the high energy cost.

Sagitta setosa was caught only to the east of the Isle of Man

from summer to late winter. Spawnning of the species occurred

in summer and it overwintered mainly as stage I. The species

probably disapeared from the sampled area in March, but

analysis of the available data suggests a one year life- cycle

for this chaetognath. getosa dies after spawning, and

mature stage III animals were not caught by the end of the

winter.

Copepods were the main prey eaten by both species of gagitta,

but other plankters such as cirriped larvae,

appendicularians, dinoflagellates and tintinnids were also

readily consumed, Fish eggs and larvae were predated	 in

minimal amounts.
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It is possible that low predation on fish fry was due to the

relative immobility of the small prey and the high swimming

capacity and predation avoidance when the fish larvae had

increased in size, .5", elegans fed on larger species, such as
FP:Jet/don?/anus and Reortia, while the main diet of 5, setos6
was made up of smaller items, such	 as Oithona and
appendicularia.	 In spite of	 these differences in prey

comsumpt ion, the diet of both 5.	 legans	 and 5, setose
overlapped to a great extent.

Predators fed mainly according to prey size, thus only larger

sag ittas preyed upon food items like Ca/anus and femora
while small specimens up to 5 mm in length fed on items as

small as tintinnids and dinoflagellates.

5, LI/vans and .5", setosa showed a higher Food Containing
Ratio at night from samples collected near the surface, with

larger predators having a higher FCR than smaller ones. Most

of the predators were usually found with one prey item as food

content, however multiple prey was also recorded, The highest

number of prey in a single predator was 9 (Renosowella) in
small 5, setosa , but	 2 prey per predator was the most
common MPC in both species	 of Switta.	 " Cannibalism"
was found to occur at times when other food items were scarce

(winter), S, efegaos being the more cannibalistic. The
Feeding Rate was higher for .5', setosa (range from 1.38 to
5.35 prey per day) than for .5", elegans (range from 0.75 to
3.55 prey per day). Assuming an overall Feeding Rate average

of 2 prey per day and an annual maximum abundance of 40 5,

elegans /m3 , the predation impact of the species is minimal.
Although S. setosa has a higher Feeding Rote, its impact is
even less because the species was recorded in the study area

only for about six months (September to February) and its

abundance was generally lower.

The feeding experiments supported the findings from the field,

i.e. the items commonly found in the gut content analyses in

natural conditions were readily eaten in laboratory

conditions. Results were also consistent regarding lemora as
the least common copepod species eaten. The experiments also

showed an increase in predation rate with increasing prey

density, until a critical density was reached and predation

became irregular. 	 This critical density was found to be 100

prey items/litre.
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1 .0.

I NTRODUCTI ON.

The phylum Chaetognatha was characterized by Hyman (1959) as

"small bilaterally symmetrical enterocoelus marine animals, of

mostly planktonic habits without circulatory or excretory systems".

She added that chaetognaths are protandric hermaphrodites, thus the

ovaries ripen after the coeloms are filled with sperm. There are

controversial conclusions as far as fertilization in chaetognaths is

concerned. Hyman (1959) stated that "self-fertilization is

apparently the rule in Sagitta". However, Alvarino (1965) concluded

that "cross- fertilization by copulation is the rule". Reeve and

Walter (1972a), who misinterpreted the copulation behaviour in

Sagitta hispida , observed acts of self-insemination in their

specimens. Later, they succeded in inducing self-insemination by

opening the seminal vesicles to release the spermatophores and

obtained fertile eggs. They suggested that this reproductive

behaviour (self-fertilization) however unusual, could provide a

valuable short term survival mechanism for populations temporarily

at very low densities. From these results, Reeve and Cosper (1975)

reconciled the theories by both Hyman (1959) and Alvarino (1965)

mentioned above by saying that " since the morphological

characteristics of all planktonic chaetognaths are similar, it may

not be speculative to expect that most may be capable of both forms

of fertilization". They added that self- fertilization might be

expected to occur more frequently in species habitually in lower

densities, such as typically oceanic and bathypelagic ones.

Introduction 	 1



A large amount of literature has been published regarding

chaetognaths, possibly due to the fact that these animals are only

second to copepods in terms of abundance in most zooplankton

collections (Feigenbaum and Mans, 1984) or because they are

thought to be one of the main predators of the copepod community

(Rakusa-Szuscewski, 1969; Reeve, 1970; Szyper, 1978; Pearre,

1980; Canino and Grant, 1985; Oresland, 1987; and many more) as

chaetognaths are strictly carnivorous (Alvarino, 1965).	 Reeve

(1970a) estimated a chaetognath biomass of about 30 of that of

the copepods and that this relatively high abundance showed

chaetognaths to be an important link between the energy converted

from the primary producers into copepod tissue and higher trophic

levels.

According to Alvarino (1965) the phylum Chaetognatha comprises

about 52 species arranged in seven genera. The genus Sagitta is

the most successful of the group not only because the great

majority of the living species belong to this genus but also because

they reach the highest evolutionary level and inhabit the greatest

variety of enviroments and bathymetric levels of the oceans.

Sagitta elegans is a boreal chaetognath with a worldwide

distribution in artic and subartic waters and usually found in the

upper 100 or 150m (Alvarino, 1965). The species is the most

abundant in these areas and is capable of withstanding a range of

temperatures from -0.5 0C to 21 °C (Alvarino, 1965).

Sagitta setosa is a more restricted species, usually confined to

Introduction	 2



neritic waters ( Pierce,1941; Williamson, 1956a; Alvarino, 1965;

Jakobsen, 1971; Southward, 1984), and both species are regarded as

valuable in characterizing water masses (Russell, 1935, 1939;

Williamson, 1956a; Khan and Williamson, 1971; Oresland 1983).

In the Irish Sea, these two species are the dominant chaetognaths,

elegans being the most widespread in the area (Pierce,1941;

Khan,1970; Lee, 1971). Williamson (1956a) cited that 'in May of

both 1951 and 1952 5 elegans was the dominant species in all

areas sampled, although 5 setosa was probably the more common

form in the bays and estuaries of the Welsh, English and Scottish

coasts (c.f. Pierce, 1941)" . He added that "the results of the four

years 1949-1952 together with the results of the eight years of

which Pierce (1941) analyzed samples from the Isle of Man region

indicate that a change from elegans to setosa in most of the

eastern half of the Irish Sea is a regular occurrence each autumm".

Khan (1970), who found similar results, reported a variable overlap

in the distribution of both species in the Irish Sea. He mentioned

that 5 setosa was confined in May to Liverpool Bay and adjacent

waters and that the species "spread rapidly during June and covered

much of the Irish Sea from July to December". He also thought that

this was a regular yearly pattern in the distribution of the species.

The main aim of the present work was the study of to the food and

feeding habits of both 5 elegans and 5 setosa in seasonal and

24-hour cycles in relation to changes in population and the

predation impact of the chaetognaths on other members of the

plankton community.
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2.0.

MATERIAL AND METHODS.

2.1

Field work.

Plankton collections in 1986 were obtained at two stations (Fig. 1).

Station 1 is approximately 34 m depth and station 2 approximately 120

m. Simultaneous horizontal tows were made at subsurface and near the

bottom at station 1, while at station 2 an intermediate sample (about

60 m depth) was taken. The plankton nets used in this study were

conical, 1.30 m length and 0.46 m diameter (mesh size 0.335 1.1), and

with General Oceanics flowmeters attached to the mouth to estimate

the amount of water filtered. The nets were tied to a weighted steel

warp (weight 250 kg) and towed at 1.5 to 2 knots for 15 min. Sampling

was regularly carried out every 3 hours by day and night in cruises of 12

hours each. Unfortunately due to weather conditions and ship

availability, day and night samples were often collected on different

dates (see Table 1). Although some changes in the species composition

and abundance of the plankton were expected, they were treated as if

they were collected on a 24 hour cycle. The material obtained was

immediately fixed by adding concentrated formaldehyde solution until a

final strength of approximately 5 % was obtained. After towing, nets

were washed carefully and the washings added to the catches.

Temperatures from near bottom and subsurface were obtained by using a

Nansen-Petersen water bottle.

In 1987 it was not possible to continue a similar sampling program.

Ship time was reduced to an 8 hour day, and day and night samples

were only obtained at station 1 (Table 1).
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Fig. 1.- Study area with the location of the sampling stations In the
Irish Sea. Depth profile in meters.



The time interval between consecutive samples was reduced to two

hours. Sampling at station 2 was discontinued as station 1 was

considered more important due to the presence of both 5. setosa and

5 elegan.g thus permitting comparison between the two species.

Station 1

[ February 9, 1986

February 20-21, 1986 1*

[ April 14, 1986

April 24-25, 1986 1*

[ June 11, 1986

June 15-16, 19861*

[ July 29, 1986

July 31- August 1, 1986] *

[ September 17, 1986

September23-24, 1986 1*

November, 4 1986

[ January 28-29, 1987 *

January 30, 1987

March 23,1987

March 23-24, 1987 *

[ April 27-1987

April 28-29, 19871*

[ May 26, 1987

May 26-27, 19871*

June 10-11, 1987 *

July 16-17, 1987 *

[ August 3, 1987

August 4-5, 1987 ] *

September 17, 1987

[ October 21, 1987

October 22-23, 1987 1*

Station 2

[ February 22-23, 1986 *

March 17, 1986

[ May 29, 1986

June 6-7, 1986 1*

[ July 30, 1986

August 4-5, 1986] *

[ September 16, 1986

September 18-19, 1986 1 *

Table 1,- Dates of collection of zooplankton samples at

station 1 and station 2, in 1986 and 1987. *Night samples.

[ 1Samples analyzed as if collected on a single sampling date.
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2.2.

Laboratory work.

2.2.1.

Subsampling.

In the laboratory zooplankton samples were strained with a small

piece of cloth net with the same mesh size as used in the tows, and

rinsed with seawater to avoid formaldehyde fumes.

Large organisms such as big medusae, euphausiids and juvenile fish,

were removed and the remaining organisms transferred to a beaker

for obtaining the aliquots. The subsampling method for the estimation

of the composition and abundance of the plankton was basically

similar to that used by Russell (1931b). Samples were poured into a

2000 cc beaker (height 23.5 cm., diameter 12.8 cm) and seawater was

added to produce a volume of 1000 cc, Organisms were then mixed

with a circular plastic disc (5.6 cm diameter) on one end of a glass

rod. The rod was moved up and down until the distribution of the

organisms was as even as possible. Subsamples were taken with a

round bottom scoop, with a capacity of 4 cc for small and abundant

organisms (e.g. Pseudocalanus, Acart/a) and 10 cc for large animals

(e.g. Sagittg Meganyctiphanes), Succesive dips were made to give a

count of at least 300 organisms per sample, as recommended by

Omori and Ikeda (1984).

2.3.

Flow meters.

Plankton samples were taken with a flowmeter (General Oceanic's

Material and	 methods	 6



type model 2030 with a standard three -blade rotor) attached to the

mouth of the net.

Estimation of the volume of water filtered through the nets was

calculated by using the formula given by the manufacturing company.

The equation used was

V= IT rd
	

Where V = volume of water filtered
	

(eq. 1)

u= 3.1416

r2 = square of radius of mouth of net.

and	 d = distance

Distance can be calculated by:

d= (Rf-Ri) (26873) 
	

(eq.2)

999999

by developing eq.1 2
V= (n r) ( 26873 ) ( Rf-R1 ) 

999999	 Then

v_ (3.1416)(0.529)(26873)(Rf-R1) 	 (eq.3)

999999

V = 0.0446606 (Rf-Ri)	 where

Ri = Initial reading of flowmeter.

Rf= Final reading of flowmeter.

26873 and 999999, constants provided by the company.
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The volume of water filtered varied according to the fishing depth and

also from tow to tow. Table 2 gives the information related to the

performance of the flowmeters.

Station	 1

Surf.	 Bott.

Station	 2

Surf.	 Midd. Bott.

Maximum	 120 137 120 178 210

Minimum	 85 118 85 140 16

Mean	 111.2 129.5 109.5 160.5 181.5

Std. Dev.	 8.5 5.7 6.7 10.4 10.2

No. of	 38

observations

50 40 30 30

Table 2.- Volume of water (m 3 ) filtered through the nets at different

depths at station 1 and station 2, as calculated from the flowmeters.

Occasionally, readings were exceptionally low, usually because

malfunction of the flowmeters (the inside mechanism of the

flowmeters requires to be filled with tap water, and because they are

not waterproof, leaking is common). In these cases, the mean values

of the water filtered, as listed in table 2, were used for density

calculations ( org./m 3 )

Material and	 Methods 8



2.4.

Population analysis in Sagitta spp.

Between 50 and 100 (unless stated otherwise) specimens of Sagitt&-

elegans and 5 setosa , were randomly drawn from the samples,

measured (0.2 mm maximum accuracy), and gonadic stage and food

content recorded. Measurements were made from the tip of the head

to the end of the tail, without including the tail fin. Maturity stages

using the gonads in 5agitta were grouped as follows: Stage I (young)

with ovaries absent or just visible; stage II (immature) with small

ova in ovaries and stage III (mature) with large ova in ovaries

(Russell, 1932; Mclaren, 1969; Sameoto, 1973; Zo, 1973). Species

identification was made by body wall transparency and shape and

position of the vesiculae seminales (Fraser,1957), but all this is

difficult when the length of the chaetognaths is 6 mm or less.

2.5.

Feeding analysis.

Specimens of 5agitta containing food were placed in a small tray,

gut contents removed and analyzed with a dissection microscope or

when higher magnification was required, with a non-stereo

microscope, 400X, 600X.

5agitta elegans is known to feed actively in the densely packed net

can when sampling (Pearre, 1974). Thus, some extra feeding may have

occurred before fixing the samples with formaldehyde. For this reason

only those food items found in the posterior 1/3 of the gut and with

some evidence of digestion were recorded.

Material and	 Nethods



However when the food items found were small organisms (e.g.

dinoflagellates or tintinnids), they were recorded regardless of the

position in the gut. The assumption was that such small organisms

would not be retained by the net with a mesh size as described above,

and consequently the catch of these prey is likely to have occurred in

natural conditions.

Identification of the food items was not always possible, even for

those with hard skeletons (e.g. crustaceans). This was mainly due to

digestion, and structures like swimming feet or antennae were often

not recognizable. In many cases, however, identification was possible

by using the cutting blades of the copepod mandibles (Sullivan,1975).

This allowed the identification of most of the food items, as

copepods are by far the most important prey of Sagitta (see also

Rakusa-Suszczewski, 1969; Pearre, 1973, 1974; Feigenbaum and

Mans, 1984; Oresland, 1987).

2.6.

Gut content analysis.

Digestion of food in 5 elegans and 5 setosa is mainly carried out at

the rear end of the gut (Feigenbaum, 1982). By dissecting this part of

the gut, it is possible to determine the quality and number of prey

eaten. In assessing the impact of predation by these species the

following data were recorded:

FRC = Food Containing Ratio = 	 Number of predators with prey 

Total number of predators analyzed

Material and	 Methods	 10



NPC = (mean ) Number of Prey per Chaetognath (multiple prey).

FR = Feeding Rate, in number of prey eaten per day, where

FR = NPC (24)	 and DT = Digestion time, in hours.

DT

Bajkov (1935), developed this formula to determine the feeding rate

in fish. Since then this formula has been used in a similar way for

determining the feeding rate in several species of 5agitt6

(Feigenbaum, 1979, 1982; Nagasawa and Marumo, 1972; Canino, 1981;

Szyper, 1978).

Digestion time has been defined as the time between ingestion of

prey and its defecation (Feigenbaum and Mans, 1984), and it is

temperature dependant, being shorter with higher temperature

(Pearre,1981, Mironov, 1960). Nature and number of prey eaten have

also a direct influence, with a general trend of higher digestion time

for prey with hard skeletons (e.g. crustaceans), as compared with

those without (e.g. appendicularians). Digestion time also increases

with increasing number of prey eaten (Canino, 1981). Digestion time

in several species of 5ggitta has been investigated. Khulman (1977),

found that in 5 elegans the digestion time was 147 minutes at 150C,

while Feigenbaum (1982) found a digestion time for the same species

of 614 minutes at 0 °C. Pearre (1981), developed the following

equation for the relationship between digestion time and temperature

for this chaetognath: ( See also Table 3). 	 Digestion Time = DT=

10.24 e -0.095 t

Naterial and	 Nethods	 11



Temp. °C DT (Hours) Temp. °C	 DT (Hours)

0 10.2 11 3.6

1 9.4 12 3.3

2 8.5 13 2.3

3 7.7 14 2.7

4 7.0 15 2.5

5 6.4 16 2.2

6 5.8 17 2.3

7 5.3 18 1.8

8 4.8 19 1,7

9 44 20 15

10 3.9

Table 3.- Regression of digestion time as a function of

temperature for 5 elegans. Data calculated using the

formula given by Pearre (1981),

Digestion time DT = 10,24 e -0.095t

Mironov (1960), estimated a digestion time of 2 hours at 11.5 0 C and

1.5 hours at 15 °C for 5 setosa . By extrapolation he arrived at an

estimate of 1 hour at 20 °a Both Pearre's equation and Mironov's

estimates are used for calculating the feeding rates of 5 elegans and

5 setosa in this work.
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Temp. °C DT (Hours) Temp. °C DT (Hours)

0 3.3 11 2.0

1 3.2 12 1.9

2 3.1 13 1.8

3 3.0 14 1.7

4 2.8 15 1.6

5 2.7 16 1.5

6 2.6 17 1.3

7 2.5 18 1.2

8 2.4 19 1.1

9 2.3 20 1.0

10 2.2

Table 4.-Regression of digestion time as a function of

temperature, for 5 setosa Data calculated from the

estimates given by Mironov (1960).

3.34 -Digestion Time DT=	 e 0.1 17t

2.7.

Feeding experiments in 5 elegans.

Specimens of 5 elegans were obtained by making short tows at the

pier in the Port Erin Bay. Tows were made horizontally near the

surface at night, and repeated two or three times for increasing the

possibility of catching enough animals. The resulting plankton was

then diluted in a 10 litre plastic bucket, brought to the laboratory and

diluted again to a volume of 100 litres in a glass aquarium (stock

tank) measuring 66X40X40 cm.

Naterial and	 Nethods 13



The Sagittas were kept in this stock tank for 24 hours, together with

the rest of the plankton and those which survived were sorted and

placed in another aquarium (rearing system). The rearing system was

similar to the one mentioned by Rice and Williamson (1970). It

consisted of 15 cm. diameter and 16 cm. long perspex cylinders,

suspended on an aquarium with continuous running water. The tops of

the cylinders were above of the water level and the lower ends were

covered with a 140 p. mesh cloth net. Both the rearing system and the

stock tank were filled with seawater previously filtered with a wool

filter polymer cartridge which would retain particles of about 0.5 p

( H. Omar, pers. comm). The rate of the water flow was such that the

rearing system exchanged its contents 1 to 2 times per day. The

stock tank was periodically emptied and replenished with fresh

plankton.

The experiments were carried out at 10°C in a constant temperature

room. The temperature was controlled by a cooling system operated

by a thermostat (± 1 °C ). The room was illuminated by a neon tube

lamp, for 12 hours a day.

After the chaetognaths were isolated in the perspex cylinders, food

was provided. Experiments were planned to obtain knowledge about

prey selectivity (Table 27) and feeding rate with changes in prey

concentration. (org./litre) (table 28). All the experiments were

carried out for 24 hours. The food supplied to the Sagittas was

collected from the stock tank, poured in small Petri dishes and

identified and counted with the aid of a low power microscope.
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At the end of the 24 hours and before termination of the experiments

by fixing the samples, observations were made by counting those food

items which were alive. This was because, as reported by Feigenbaum

and Reeve (1977), Sagittas feed on active prey. Consequently those

prey found dead at the end of the experiment without any sign of

digestion were reported as " unavailable food items" (see table 28). In

all cases it was assumed that the feeding rate of the Sagittas was

not affected as the number of food items unavailable for this reason

was always negligible.

2 .8.

Identification of the food items.

Food items were mainly identified with the aid of the following

literature: For copepods, Giesbrecht (1892); Rose (1933); for

dinoflagellates, Dodge (1982); other plankters; Tregouboff and Rose

(1957) and Newell and Newell (1972). For the identification of the

heavily digested material, permanent slides were made of the cutting

blades of the mandibles of the following copepods: Ca/anus spp

(copepodite II,IV and adult), Pseudocalanus (copepodite III and adult),

remora (Copepodite II and adult), Centropages (copepodite III and

adult), Acartia(copepodite HI and adult) and Oithona (adult). These

species represent only about 30% of the planktonic copepod species

reported from this area by Lee (1971). However, they are the most

numerically important in the area, and as will be shown, they are the

most important food items both in 5 elegans and 5 setosa
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sediment, The differences in sampling depth between rough and calm

weather are not great and the samples are not considered separately.

At certain times of the year the R/V " CUMA" was out of action, and

due to this, samples from September 1987, were collected on board of

the R/V "SULK. Sampling was made 5 miles off Port St. Mary, and the

following events may have affected the results:

1) Samples were obtained only at 10 a.m. and 12 noon.

2) Tows were made from the stern of the boat (instead of from the

beam as in "CUMA"). It could be observed that the nets were just

behind the propeller and while some organisms were directed into

the net at the surface, others may have avoided it. Also most

planktonic animals showed serious damage, and measurements and

gonadic stage determination in chaetognaths was difficult to achieve.

Samples from these tows were extremely low in abundance.

3) The weight for making the "near bottom" tows was not heavy

enough (as indicated by the wide angle on the wire), and tows from

this depth were at best collected at midwater (ca. 15 m). This may

have resulted in large chaetognaths not being sampled, as they are

known to migrate to deeper strata during the day (see discussion).

2,12.

Subsampl ing.

Subsampling methods have greatly improved (see Omori and Ikeda,

1984), and various devices have been developed for this purpose.
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Among the most used are Motoda spliters, Folsom splitter and

Stempel pipette. However, obtaining a representative aliquot in kind

and abundance from the whole sample can be sometimes difficult to

achieve (see Lee, 1971 for discussion). The method followed in this

study is similar to that used by Russell (1931b), Worthington (1931)

and Lee (1971).

2.13.

Food Containing Ratio.

Observations made on the time for the prey to reach the anal area of

the gut in 5 elegans was estimated to be between 10 and 15 minutes

(similar results were found by Khulman, 1977). Because sampling

continued for 15 minutes, some of the food in the posterior third of

the gut might have been ingested in the net can, where the prey is

very concentrated, and this might have produced an overestimation of

feeding in both species of 5agitta.
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3.0.

Results.

31.

Temperature.

Variation of temperature at station 1, 1986-1987 and station 2,

1986, is shown in Figure 2. It can be observed that the lowest

values were recorded in late winter and spring. Highest

temperatures were found at the end of summer and beginning of

autumm. After autumm temperatures dropped again and the cycle

started again.

It should be noted that the temperatures shown are averages from

those recorded from near bottom and surface. Possibly because of

this, slightly lower temperatures were recorded at station 2. The

reason for averaging the temperature was because it is the best way

to assess the digestion time for the chaetognaths (digestion time is

inversely related to temperature, i.e. the higher the temperature the

shorter the digestion time, see chapter 4 for the results on feeding

and references ). Although this may give a slightly different picture

for this parameter in an annual cycle, it was observed that

differences were in fact;..--1 °C for both depths and only at station 2

in summer a 3 °C difference was recorded. The actual temperatures

for station 1 and station 2 at both depths during 1986 and 1987 can

be found in Graziano (1988, Ph. D. thesis in progress ) (his stations 6

and 1 respectively).
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3.2.

Populations.

3.2.1.

Segitte ele,gens,

3.2.1.1

Growth

Size frequency histograms and percentages of gonadic stages for 5

elegans for station 1 in 1986 and 1987 and station 2 in 1986 are

presented in figures 3c through 23c and 24. The size of the

chaetognaths collected in 1986 at station 1 ranged from 1.2mm in

April to 21.0mm in February. After the main spawning in April, the

mean size of the 5 &Vegans population decreased as the summer

season approached. This decrement in mean size was observed until

late summer. The population started to increase again in mean size

in autumm, in such a way that in May of the following year the

largest specimens were caught. At station 1, from February to

April, 1986, due to relatively larger proportions in the catches of

nearly newly hatched animals, the mean size of the population

decreased drastically from 12.65 mm to 3.02mm. However, from

April to June an increment in size of 5.51mm was recorded. This

increment was the highest observed throughout the whole year. In

June-July the mean size decreased again (1.24mm). Samples were

not obtained in August and October this year, but increments in

mean size were observed both from July to September (1.79mm) and

from September to November (4.56mm). Growth for 5 elegans was

rather low from late autumm (November, 1986) to spring (March,

1987).
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The mean size increased 0.57 mm between November and January

and 0.41mm between November and March. In April 1987, spawning

occurred, as was recorded the year before, and the cycle was

completed.

Similar fluctuations in mean size and growth were observed in

both 1986 and 1987, and station 2 (sampled only in 1986), showed

essentially the same pattern as station 1.

3.2.1.2.

Gonad stages. Station 1, 1986

In February 1986, most sagittas were found to be in stage II.

However, maturation had started, as was revealed by a low

percentage of stage III individuals. Stage I made a slight

contribution to the population in this month (Fig. 3c). The few

stage I animals present had a rather high mean size (9.6mm, range

8.0mm to 14.2mm). They were very probably the survivors of the

late spawners from the preceding year. Samples were not obtained

in March this year (see however results for station 2 same year and

results for station 1 in 1987 below). In April the onset of the

spawning was clearly shown as the composition of the population

had changed and stage I with a mean size Of 2.6mm accounted for

98% of the collection (Fig. 4c). Once spawning started, it was more

or less continuous until September. At that time stage III had

practically disappeared and stage I made up 98.6% of the

population and had significantly increased in mean size to 9.47mm

(Fig. 7c). Stage I dominated the population from
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April until November when it declined dramatically (Fig. 8c), This

decline was probably due to maturation to stage II which became

the main component of the population at that time of the year.

5 e/egans overwintered mainly as stage II. Although stage II was

recorded throughout the whole sampling period, maximum

contributions were found in February and November. In April the

numbers of stage II decreased sharply, but spawning had started,

resulting in an increment in stage I (Fig. 4c). Although no samples

were obtained in March 1986 at station 1, it was very likely that

stage III sagittas were the most abundant, as they were at station 2

at that time and also in March 1987 at station 1. Stage III was

recorded from February until September (Figs. 3c to 7c) and

probably had a peak in March, but for the rest of the period they

contributed only low numbers of specimens. No samples were

obtained in October, and by November, stage III had disappeared from

the population ( Figs. 8c and 9).

3.2.1.3.

Gonad stages. Station 1, 1987.

In 1987, sampling was carried out more consistently, and plankton

collections were obtained nearly every month from January to

November except in February. The general trend of the population

followed that described for 1986 (Figs.10c to 18c), however some

small changes were detected. Samples from January 1987 contained

a higher proportion of stage III (Fig. 10c) than those from February

1986, while stage I contributed with only 0.3%. Stage III was
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abundant in March (Fig. 11c) and accounted for 98.6% of the animals;

the remaining 1.4% were in stage II. No stage I was found in this

month. In April spawning had occurred and Stage I, with a mean size

of 3.4mm, became the most abundant (Fig. 12c). As in the previous

year stage I was the main contributor throughout all the sampling

period, except in May-June (Figs. 13c and 14c) where stage II was

the main component . Stage II made a higher contribution during the

whole period than the year before, but it was not collected in the

tows in September (Fig. 17b), when a general decrease in abundance

was observed in the whole population. However, sampling in this

month was carried out in rather unusual conditions (see Material and

Methods above). In October stage II had increased markedly in

number (Fig. 18c), and by November it was the dominant stage, as

was also found the year before. Observations of the results for the

gonadic stages in November are included in figure 19.

3.2.1.4.

Gonad stages. Station 2, 1986.

Sampling at station 2 was carried out only in 1986 (Table 1).

Results generally agree with those found at station 1 ,therefore

stages I to III were recorded in February-March (Fig. 20c). The onset

of maturation was evident at this time as an increase of stage III

and a concomitant decrease in abundance of stage II. Only at this

time individuals at this gonadic stage (III) were caught in high

numbers. After that period they were recorded in various degrees
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of abundance until September (Fig. 23c) when they practically

dissapeared. Stage I abundance was as described for station 1 from

May to September (Figs. 21c to 23c, and 24). No samples were

obtained in December both years at both stations. However, night

tows at the Pier of Port Erin Bay carried out on the 26th of

December 1987, showed that stage II was the most abundant, a

small contribution of stage I was observed and stage III was not

recorded. This may well also be applicable to the preceding year,

and Pierce (1941), also found similar percentages of the respective

stages in this area in December.

It is generally accepted that 5 ologons	 dies after spawning

(Kramp, 1917; Russell, 1932a; Alvarino, 1965). This work

confirmed those findings and very low quantities of "spent"

organisms (large,empty and flaccid ovaries, detached seminal

vesicles) (King, 1979), were recorded for the whole study period.

Spent individuals were not considered in the quantification of the 5

ologans populations.

3.2.1.5.

Abundance.

Sagitta &logo/7s was recorded on every sampling date and was

usually the most abundant chaetognath in the study area for both

years. The abundance of the animals (org/m 3 ) at the depths sampled

is presented in tables 9 to 26.
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There were great fluctuations in abundance from month to month

(Fig. 25a,b), with high numbers in June-July and November for

station 1, 1986. In 1987 at the same station peaks of maximum

abundance occurred in January and July. Major collections of this

species at station 2, 1986, were recorded in July and September.

Important recruitment of young stages is evident in April with the

onset of breeding (both years). There was an increase in the

numbers of stage I animals at this time, these having a mean size of

2.6mm and 3.4 mm at station 1 in 1986 and 1987 respectively, and

5.0mm at station 2 in 1986. The mean size allows us to

differenciate two types of stages I in the population, i.e. those

individuals with higher mean size found in January were thought to

be the progeny from the late spawners of the preceding year; on the

other hand stage I of smaller size recorded in April were most

probably the progeny of the March spawners. Although an increment

in numbers of stage I was recorded in April, the abundance of 5

co/egg/2s in this month was actually not very high. This could be due

to substantial mortalities of the young chaetognaths or to

escapment of small animals through the net or both.

3.2.2.

Seyitte seam

3.2.2.1.

Abundance and Growth.

5 setosa was found from late summer to late winter at station 1 .

However, it was abundant only in September 1986 and October-
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November 1987. Due to this seasonality and also because other

factors such as currents and sampling method could have

influenced the size frequencies of the populations, the assesment of

growth and abundance for this species is difficult (see discussion

below).

In September 1986, the mean size of the population was 8.59mm and

increased to 10.49mm by November same year, and increased further

to 11.50mm in January 1987 (Figs. 27c to 30c). In October 1987,

the species was collected again and at that time the mean size of

the population was 8.85mm and decreased to 7.81mm next month

(reelevant statistics for the populations, e.g., Standard deviation,

are included in the legends for the corresponding figures).

Uertical migration. See discussion.

3.2.2.2.

Size frequencies and gonadic stages.

Due to the seasonal occurrence of the species, the changes in the

composition of the size frequencies and gonadic stages of the 5

setosa population are difficult to interpret. This chaetognath was

only found in sufficiently large numbers to the east of the Isle of

Man (station 1), from late summer to late winter (see Tables,

9,13,14,15,21). Although some small numbers were also collected

in February 1986 at station 2, they are not included in the analysis

of the results or discussion due to their scarcity. These records are

however included in Table 23.
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Size frequency histograms are shown in Figures 26c to 30c and

31-32, including the percentages of gonadic stages. Animals of

this species with a maximum length of 14.80mm and minimum of

5.80mm were first recorded in the samples collected in February

1986. At that time stage I dominated the population contributing

83%, the remaining 17% were animals in stage II and no stage III

individuals were recorded (Fig. 26c). The species dissapeared from

the area in the following months and was not recorded until

September when spawning had already started as evidenced by the

presence of the three maturity stages (Fig.27c). In this month stage

I (38%) had a minimum size of 4.40mm (mean size stage I was

6.63mm), suggesting that spawning had probably begun the month

before (see discussion below). 33% of the population was in stage

If and 28 % was in stage III, so there was no clear dominance of

any stage in this month. No samples were collected in october that

year. November was characterized by the dominance of stage I

(75%), which had also increased in mean size (9.85mm), while stage

III had practically dissapeared (ca. 2%), indicating that breeding had

nearly been concluded (Fig.28c). 5 setosa overwintered mainly as

gonadic stage I individuals. In January 1987, stage I had increased

its dominance to 87% and also increased in mean size (11.25mm).

Stage If contributed with the remaining 13% and no stage III animals

were recorded (Fig. 29c). As in the preceding year 5 setas

dissapeared from the area in the following months.Although samples

were obtained in September 1987, animals of this species were not

caught. However, samples in that month were obtained only 5 miles

Results	 Populations	 27



off Port St. Mary and the species was probably present further east

(see Material and Methods above). In October the population mainly

consisted of stages I and 11 (40% and 59%, respectively). The mean

size of stage I (6.70mm) indicated that spawning had started

several weeks ago, while the scarcity of stage III individuals (1%)

indicated that breeding was nearly completed (Fig. 30c). In

November stage I was more dominant (94%) and the mean size had

increased (7.60mm). The remaining 6% consisted of stage II and no

stage III animals were recorded in the population (Figs. 31 and 32).

Largest specimens were collected in winter samples in both years,

i.e. February 1986 (14.80mm) and January 1987 (16.80mm), while

small specimens with minimum length less than 5mm were

frequently caught in the summer and autumm.

4.0.

Vertical Migration.

Although the sampling was not primarly designed to assess the

vertical distribution of the sagittas (see Material and Methods), a

general view of this well known biological phenomenon is presented

for 5 elegans. Data for station 2, 1986 and station 1, 1987 (figure

33a, b) were choosen for explaining the die] vertical migration in

this species. These data were more suitable for this purpose as day

and night samples were collected closer together and also intervals

from one sample to the next were shorter than at station 1 in 1986

(see table 1). As for Sagitta setosa, only some comments are
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presented as this species was abundantly present only at station 1,

and although found from summer to late winter they were usually

abundant only in late summer and autumm. Also, according to some

authors (see discussion), this species keeps a higher position in the

water column than 5 e/gans and the method followed in this study

could lead to a misinterpretation of the vertical migration pattern.

4.1.

Segitte elegem,

4.1.1.

Station 1, 1987

In January at station 1, when stage II dominated the population and

stage III was also recorded, the population showed clearly a

migratory pattern, i.e. the highest numbers of specimens were found

near the bottom by day, while at night the highest numbers were

caught near the surface (fig. 33a). During daytime, however,

substantial catches were also obtained near the surface, and at

night they were fairly evenly distributed at both sampling depths,

with only slightly lower numbers near the bottom (fig 33a). In

March, spawners (stage III) were the main component of the catches

and migration was rather more marked than in January. 13y day

sagittas were very scarce near the surface and abundant near the

bottom. At night time, however, they were found more abundantly

near the surface although a significant number were also collected

near the bottom.
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This suggested that, as in the preceding month, sagittas were

distributed more or less evenly in the water column at night. In

April with the occurrence of spawning and high numbers of nearly

newly hatched stage I sagitta (mean size 3.4mm), the vertical

migration was restricted. The small sagittas migrated downward to

a lesser extent than the populations in the previous months, and

animals were found more abundantly near the surface both by day

and by night. In May a higher abundance of stage It was recorded

and the population had recovered the migration pattern as described

for January. In June and July only night samples were obtained and

both of them showed a similar higher abundance near the surface,

but with moderate numbers also present near the bottom. August

was characterized by abundant catches near the surface both by day

and night, as found for April, and again the population was made up

mainly of small sagittas (mean size 4.95mm). September is not

included due to the way the sampling was carried out (see Material

and Methods). In October, chaetognaths were found nearly evenly

distributed by day, while at night they were more abundant near the

surface.

4.1.2.

Station 2, 1986.

At station 2 in February only night samples were collected. It can

be observed that similar quantities of animals were caught from

near surface and midwater, while near bottom animals were scarce.

In March samples were obtained only in the daytime, and the

graphical representation (Fig. 33b) shows that sagitta stage III,
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which was the main component of the population, was mainly

abundant in the midwater tows, with practically no specimens at

the surface and low quantities of individuals near the bottom. In

June during daytime animals were found mainly near bottom, but

midwater samples had also an important number of specimens. At

night the animals were fairly evenly distributed at the three depths

sampled. In July by day most of the animals were in midwater but

also an important number of animals were caught near the bottom.

At night highest numbers were obtained near the surface and

midwater. In September during daytime no sagittas were collected

and most of the animals were found near the bottom. At night most

sagittas were found in the samples from near the surface.
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5.0.

Discussion.

5.1.

Segitta ele,gens.

In the Irish sea Sagitta elegans decreases in mean size from late

spring to summer probably due to mortalities of the spawners and

recruitment of young stages. Large specimens in stage III have been

reported to die after spawning by Kramp (1917), Russell (1932a)

and Alvarino (1965). Some workers however have reported "spent"

organisms, i.e. animals with large, empty, flaccid ovaries and

detached seminal vesicles, (King, 1979). These animals usually will

sink rapidly to the bottom or will be predated by carnivorous

copepods like Centropages (pers. obs., see also Jakobsen, 1971). In

this study mortalities could be detected by looking at the number of

animals caught. In June 1986 at station 1 the percentage of stage

III was 9.6%, while in July it was only 1.5%. At the same station in

1987, these figures were 10.9 % and 0.8% respectively. No

comparisons are offered for station 2 as no samples were collected

in June. However, in July a high proportion of stage III were caught

(19.11%), and consequently mean size had not decreased as for the

population at station 1. This may be due to the differences in

temperature, which although small, may have a direct influence on

the gonad development. Rakusa-Suszcewski (1967), found that a 5

elegans population may vary in length frequency and gonad

development even in neighbouring stations with minor differences in

temperature and salinity. Jakobsen (1971), suggested that small

differences in temperature could promote distinct gonad
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development in 5agytta due to the extent of the period they

exerted their influence.	 Mclaren (1963),	 found 5 elegan,

development from egg to mature stages to be temperature

dependant, i.e. the lower the temperature the longer it takes to

reach maturity. This obviously has a direct influence on the

number of generations produced annually. In boreal areas, higher

latitudes usually have colder waters and Alvarifio (1965) pointed

out that the number of generations varies with latitude. Russell

(1932a), reported four or probably five broods per year in the

Plymouth area. His results were however criticised by Jakobsen

(1971), explaining that Russell was very probably not sampling the

same population during his collections. On the other hand, Dunbar

(1941, 1952, 1962), working at the North Pole found one generation

every two years, with alternating groups spawning every other year.

This prolongation of the growth period was also observed in the

other zooplanktonic groups collected simultaneously with the

sagittas by Grainger (1962, 1965; see also Cairns, 1967). However,

most authors reported a single breeding annually, which usually

starts in spring and extends until the end of summer or beginning of

autumm (Pierce, 1941; Dunbar, 1962, Sherman and Shaner, 1968,

Mclaren, 1969, O'Brien, 1976; Tande, 1983, Oresland, 1985).

Some others have also found evidence of a second breeding starting

in the late summer or autumm (Clarke et a! 1943; Sameoto, 1973;

Zo, 1973, King, 1979). However they also acknowledged that this

second breeding was far less succesful and that it can vary from

year to year depending on the food resources (cf. Clarke, et a!,

1943). Wimpeny (1937), working In the North Sea, suggested three
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possible broods, but he also mentioned that his data were

insufficient to draw conclusions. Results from this work confirm

those of Pierce (1941), i.e. only one 5ag/tta e/egoas generation is

produced annually in the Irish sea.

A pattern can then be drawn from the life cycle of this species.

Quoting Tande (1983): " The general trend emerging from

comparisons between the various investigations appears to be that

the number of generations of 5 elegans produced yearly increases

and the length of the life cycle decreases with increasing distance

from the North Pole".

Temperature has a similar effect on the size reached by the animals.

Dunbar (1962), collected animals up to about 44mm length at Ugava

Bay and Frobisher Bay (from his figures 5 and 6), but size of

specimens caught at Lake Ogac, where temperatures reached 8 °C in

summer, were considerably smaller and maximum sizes were

attained at about 20mm length (from his fig. 7). Other authors

working at lower latitudes, reported also smaller sizes for this

animal (e.g. Zo, 1973; King, 1979; Oresland, 1985). The maximum

length for 5 elegans in the present study was 23mm, but usually

animals this size were rather scarce, and smaller animals were

frequently caught. Pierce (1941) obtained similar results for the

population of this species in Port Erin Bay (from his fig. 1).

Growth rate is also influenced by temperature. 	 Reeve (1970),

reported that the growth rate 5 /7/s/2/do in laboratory conditions
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was directly proportional to temperature and level of feeding. In

this work it was observed that the growth rate was low from

November 1986 to March 1987 at station 1. At this time of the

year three conditions were thought to influence in this low growth

rate

1) Temperature, which had already started to decrease in November

and reached lowest values in February-March of the following year

(Fig. 2).

2) Zooplankton was at its lowest abundance, and accordingly less

food was available for the chaetognaths. Attention is however

drawn to the discussion on feeding, as it seems that animals can

meet their metabolic requirements even at low prey density, and

other factors than prey availability affect the feeding behaviour of

the sagittas in natural conditions (e.g. Pearre, 1973; Sullivan,

1980; Oresland, 1985).

3) Sagitta elegans population had overwintered mainly as stage H

individuals, and these animals were dominant at that period. As

suggested by several of the authors mentioned before, energy is

mainly channelled to gonadic development, rather than somatic

tissues (e.g. King, 1979; Oresland, 1985).

In summer this situation is reversed, i.e. gonad development was

minimum, growth rate was high and temperature and plankton

abundance were also high.

Seasonal fluctuations in abundance of the 5 elegans population in

this study agreed to a great extent with the results recorded by
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Russell, (1933b), Pierce (1941), Clarke et at (1943), Sherman and

Shaner (1968), O'Brien (1976), King (1979), Tande (1983), and

Tiselius and Petersen (1985). 	 They all recorded this species as

being most abundant in the summer. Russell (1933b) reported also a

secondary high abundance in February 1930 and November 1932.

Pierce (1941) found a similar secondary high abundance at Port Erin

Bay in November 1937. This all suggests that 5 elegans thrives in

summer when food is abundant. At the end of summer and begining

of autumn, the 5 elegans population decreased numerically (see Fig.

25). This pattern was observed in September 1986 and from August

trough October 1987. Similar results were obtained by Pierce

(1941). High numbers of animals could also be expected in April

with the onset of the main spawning. However, at that time the

population consisted mainly of small young sagittas and they

probably escaped through the net . Kotori (1976), observed that 5

elegans hatched at about 1.2 mm length and specimens up to 4mm

had a diameter of only about 200p.. Russell (1933b) was also aware

of this problem and acknowledged that specimens up to 8mm length

could be missing in his plankton collections. As the mesh size of

the plankton nets used in this work was 330p.m, small young

specimens might have been lost from the samples, which would lead

to underestimates of the real abundance of the small chaetognaths

and of the population abundance as a whole. However the possibility

of high mortalities of small animals, as suggested by King (1979),

can not be discarded.

Gonad stage determination of the animals is subjective, 	 and

depends to a certain extent of the observer. This is particularly

Discussion	 populations	 36



applicable when trying to determine if a specimen belongs to stage

I or stage II. This could have affected the gonadic development

proportions, specially for those specimens from late

summer-autumm when the stage I specimens were larger and the

abundance of both stages (I and II) was high. King (1979) noted that

sagittas can show intermediate stages between those mentioned

above and this lead him to subdivide stage I into two stages. These

discrepancies in gonad staging in chaetognaths might also have

influenced the results of other authors specially those for the 5

setasa populations ( e.g. Oresland 1983)

There are several theories dealing with the vertical migration of

planktonic chaetognaths. Different authors have tried to explain

why or (better) what is the benefit gained by the organisms by

changing their position in the water column. However no review of

the extensive literature dealing with this biological phenomenon is

attempted, some of the hypotheses are put forward, with some of

the authors proposing them. The theories are mainly in the

following  groups:

1) Searching for a light optimum (Russell, 1927, 1931,).

2) Gaining in potential breeding (Mclaren, 1963).

3) Beneficial substances (Clarke, et al., 1943; Lee, 1971).

4) Food searching (Jakobsen, 1971),
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5) Avoiding predation by visual hunters (Pearre, 1973).

Russell (1927, 1931), working in the area of Plymouth, observed

that the size of the chaetognaths had a striking relation with their

vertical distribution, i.e. the larger the organisms the deeper they

would be found. He also reported that small sagittas could endure a

higher and wider range of light intensities, quoting him: " The

younger stages of 5 elegans appear to whitstand higher intensities

of light in the daytime than do the older stages and they migrate

first to the surface at dusk. The older stages leave the surface

first at dawn". He concluded that sensitivity to light increased

with increasing age, and that chaetognaths migrated in the daytime

to deeper waters following a light optimum. Mclaren (1963),

proposed that chaetognaths would gain in potential breeding

capacity by retarding growth at lower temperatures. Thus vertical

migration would allow efficient feeding in the upper strata where

more suitable and abundant food could be found, while migration

downwards would allow a slower development which would permit

channeling more energy to gonad development. On the other hand,

Jakobsen (1971), working on samples collected by day, found that

feeding could be slightly higher near the bottom. He suggested that

food availability was the main reason for migrating to deeper

strata. Clarke, et a/ (1943), in explaining the tendency for 5

elegans to occur in shallow waters on Georges Bank, suggested the

existence of some chemical element derived from the bottom or the

presence of some food organisms dependent on the bottom which
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were not present in deeper waters. Lee (1971), proposed that

planktonic organisms react to gradients of nutrient values at least

to the same degree as to thermoclines and haloclines, and suggested

that: " gradients of taste may be as important as gradients of

density in influencing the behaviour of planktonic organisms".

More recent theories about the reasons for the vertical migration of

the animals, relate position changes in the water column to the

avoidance of predation. Hutchinson (1967), in his Treatise of

Limnology, commented that: " ilumination is certainly the main

variable to be considered" (in the vertical movement of the

animals), although he also accepted that avoiding predation could at

least play a role. Pearre (1973), proposed that " the state of

satiation of the animal influences its depth control mechanism"

and concluded that " 5 elegans left surface during daytime primarly

to avoid predation by visual hunters ". In this work it was found

that small sagittas in stage I undertook very short migrations

during daytime (in fact at anytime of the day for those nearly newly

hatched), as they were nearly all caught in the tows made near the

surface. Stage II and Stage III were caught in deeper strata. This

would corroborate Russell's theory of increasing sensitivity to light

with increasing age. As for the theory of gaining in potential

breeding (Maclaren, 1963), this would imply the existence of

substantial differences in temperature between surface waters and

near bottom, but the main area sampled (station 1) is characterized

by well mixed waters, and important temperature differences were

not observed. Regarding the presence of beneficial substances from
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the bottom (Clarke, et N 1943), or gradients of taste (Lee, 1971),

no clear evidence has been given. Pearre's theory (1973), however

sounds interesting. It would explain migration downward after

satiation (feeding). When quiescent, chaetognaths are nearly

invisible, but this situation changes when they move with their

characteristic darting movements (as when hunting). Visibility is

increased when they have undigested prey in their gut. As will be

shown in the next chapter and references therein, copepods made up

the main prey items for chaetognaths, and they can be seen through

the body walls of the sagittas even after fixation when animals

become more opaque. Copepods are rich in oils as a reserve material

(Corkett and Mclaren, 1978; Marshall and Orr, 1955), which has a

larger digestion time. In this study 10% to 25% of the gut content

of the sagittas with prey contained a certain amount of oil in their

digestive tract. After the body of the copepods has been compacted,

telescoped or even defecated, traces of oil could still be discerned

(see also Oresland, 1978). This oil tracing is also applicable to

other crustaceans like cirripede larvae, which can sometimes be

heavily preyed upon. Appendicularians can also be sometimes

important prey (see results on feeding and also Feigenbaum and

Mans, 1984). Although appendicularians are considered to be

fragile organisms, their faecal pellets resist digestion (Shelbourne,

1962; Feigenbaum and Mans, 1984) and can be easily detected as

dark brown spots in the gut. Zaret (1972) found higher predation

pressure on one of the two forms of Cerloa'aphnia cornuta, the form

with the bigger eyespot. He concluded that this large-eyed
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cladoceran was more readily eaten by Cle/anirls chagres,

(Pisces:Atherinidae) due to its higher visibility. Zaret and Kerfoot

(1975), also found that predators would prey more heavily on easily

detectable prey as compared with larger ones, i.e. these predators

(Melaniris chagres/) were feeding according to visibility selection,

rather than body-size selection. Also, chaetognaths with a more

advanced gonadic stage (stages II and III) are more easily visually

detectable, as ova have a different refractive index. In this respect

it seems that very frequently the gonads of many invertebrates have

oils or oil derivatives as main chemical components (see Giese and

Pearse, 1974). This could be also a complementary explanation for

stronger migrations to deeper strata by day with increasing mean

size ( and consequently gonad development). All these factors

would make the sagittas more visible and more vulnerable to an

attack by a predator. Pearre's theory, -however, does not explain

why newly or recently hatched sagittas do not undertake significant

migrations. According to Reeve and Cosper (1975), newly hatched

sagittas do not feed ( and accordingly they are less visible), and

they only start feeding two or three days after hatching. Pearre, in

his results found very few small sagittas at night near the surface

and none by day, and he interpreted this as evidence for vertical

migration. His figure 4 showed his results in this respect, and it

can be observed that all his small specimens in stage I were found

above 20 m depth (actually 18 m). Although this distance could be

regarded as substantial for such a small animals, from the point of

view of avoiding predation through invisibility, it may not be of

great advantage, particularly because July was the time of his
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collections, a month when high light intensities were recorded

(twice as high as those recorded in December). One simple

explanation is that small sagittas do not migrate and high

mortalities occur, Mclaren (1963), reported that, although

mortalities of young animals were high in surface waters due to

predation, they maintained their position in the upper strata

because of appropiate food and the higher temperature. He also

pointed out that the small organisms were less efficient in

obtaining their food and less resistant to food shortages, thus a

constant supply of food was necesary. This should be regarded not

only in terms of abundance but also the prey needs to be of the

right size for the predator to handle it. He stated " surface waters

are almost universally warmer which would allow faster growth and

although predation was high, any retarding effect due to low

temperature will entail proportionally higher mortalities". He

concluded that " Under these conditions a rapid development could

be selected for". Apparently this fast growth by small sagittas is

indeed very important and evidence is provided by the fact that they

have a greater Specific Daily Ration than larger specimens (SDR is

defined as the weight of food consumed daily per unit! weight of

chaetognath) (Feigenbaum, 1979). Reeve (1970), working with

Sagitta hispioa also found that growth was directly influenced by

both temperature and level of feeding. Another possible explanation

could be found by looking at the metabolic expenditure for the

smaller migration of the small animals. Bone et 8/ (1987), found

that 5 elegans has neutral buoyancy, and therefore migration

downwards is not the product of passive sinking but an active
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mechanism with cost of energy. Mclaren (1963), stated : " the small

size of the surface-dwelling species means that a given extent of

migration would be proportionally more energy consuming".

Unfortunately there are not any measurements of energy expenditure

for vertical migration in these animals, but if small sagittas are

less efficient swimmers, as inferred by the differential swimming

rates (Pearre, 1973), then the metabolic energy expenditure

involved in large migrations could be too costly for small sagittas.

This also would imply a slower growth, because more energy would

be utilized in migrating, with the consequent higher mortalities

mentioned above.

Although Pearre's theory does seem to give a reasonable explanation

for the vertical migration of the larger specimens, it does not

explain the absence of large migrations of the newly or recently

hatched sagittas.

The abundant supply of suitable food and high temperatures have

been suggested as reasons why small animals do not migrate to deep

waters. The high metabolic cost of swimming is another possible

reason. However, nothing can be concluded in this respect and more

studies will be necesary for clarifying the different behaviour of

small sagittas.

5.2.

Segitte setase

Results obtained in this study agree with those from Russell (1932,
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his plate II), Pierce (1941, his fig. 2), Jakobsen (1971, his Figs.

14-15) and O'Brien (1976, his fig. 3). All these authors found that

5 setosa overwintered mainly as stage I, which was also found in

this work. Khan (1970), however, found that stage II was dominant

in the winter. Oresland (1983) found stage I from summer until

autumm from 1975 to 1977 and they were only abundant for a short

time in the middle of that period (his figures 5, 6 and 7). In that

study he recorded stage I as late as October 1975 and recorded it

again in January 1976. In 1976 stage I was collected until

November but it was not recorded at the begining of the next year.

In 1977, it was collected until December. At no time was stage I

found to be dominant in late autumm-winter, and his results

showed that the population at this time mainly consisted of stage

II. The different results obtained by Oresland (1983) and Khan

(1970) on the one hand and this study and those of other authors (e.g.

Pierce, 1941) on the other, could possibly be explained by

discrepancies from author to author concerning the staging of the

animals. This is supported by the fact that Oresland (1983), found

stage II even smaller than 5mm length. The minimum length for

stage II found in this work was 5.80mm in September 1986.

Minimum size for this stage recorded by Russell (1932b) and Pierce

(1941) was about 7mm, while Jakobsen (1971) reported stage I as

small as ca. 5mm.

There are also controversial findings concerning the number of

broods produced yearly by this species. Russell (1933), suggested

five or six generations per year in the English channel, but his
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results were analyzed by Jakobsen (1971), who pointed out that

Russell's findings were difficult to interpret due to possible import

of other 5 setosa populations. Pierce (1941), mentioned two

possible breedings periods in the outer Mersey channels, one

starting in April which would extend until June, the second

spawning in August. However, during the period from April through

August he found only small numbers of stage I (April), and these

animals had already a minimum size of about 8mm (his fig. 2). In

his results no stage I was recorded in the following months, i.e.

from May through August, so although gonadic stage III animals

were present in April, it seems to be that spawning actually did not

occur until September, when small stage I were found, Oresland

(1983), also recorded stage III from April-May but no evidence of

spawning was found. 5 setosa is an allochthonous species in the

Kattegat, and the species is transported to that area as a mixture

of adults and juveniles, i.e. no eggs were found. Because of this,

Oresland, (1983) defined spawning as the presence of small stage I,

less than 3mm length. He found a life span of one year in that area

and pointed out that: " the appearence of stage HI individuals is not

an appropiate definition of breeding period since such individuals

were also found at a time (April-May) when no breeding is evident".

Khan and Williamson (1970) working in the Irish Sea, found low

abundances for this species in April-May at all stations, and high

abundance in August-September mainly at stations 5, 6 and 7 (their

fig. 2). They pointed out : " 5agitta setosa has a prolonged

breeding period with one peak in spring and another in late

summer-autumm". Khan (1970), found animals less than 5mm in
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March and April (his fig. 3), and 2mm specimens in August.

However, no animals this size were found in spring by Russell

(1932b) in the Plymouth area and neither did Pierce (1941) in the

Irish Sea. Several authors have acknowledged the difficulty of

identifying sagltta specimens of less than about 6mm (e.g.

Williamson, 1956a). This is of particular importance because 5

setosa and 5 elegans overlap in their distribution in the sampled

area. 5 elegans spawning, however, is well stablished as

occurring in spring (Russell, 1932a; Pierce, 1941; Jakobsen, 1971;

Zo, 1973; O'Brien, 1976; King, 1979; Tande, 1983; Oresland, 1983;

this work), which is not the case for 5 setosa, and the records of

such	 small animals by Khan (1970) could well have been

misidentifications.

Establishing the number of broods for 5 setosa in this work is

difficult to achieve because the species disappeared from the

sampling area in spring-summer. However, if we combine the

results obtained by Pierce (1941), with those obtained here, it

could be possible that 5 setosa has only one brood annually.

This, however would imply the acceptance of the following

asumptions, which are nonetheless not difficult to believe:

1) As suggested by Oresland (1983), the presence of stage III does

not imply breeding.

2) The small numbers of stage I animals larger than 7mm length

recorded by Pierce (1941) are not the result of breeding at that
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time. The large minimum size of the animals suggests Instead

that they are the progeny from the spawners of the preceding year.

3) The conditions in Liverpool Bay and neighbouring sea areas (e.g.

temperature and food availability), are similar to those found in

the sampled area. Consequently the population found near the

Isle of Man, which spreads from about June until December from

the west coast of England into this area (see Williamson, 1952,

1956a; Khan and Williamson, 1970), undergoes similar changes.

Expanding on assumption 2, it is worth noticing that spawners in

stage III can be found as late as November. 5agitta elegan.c.,

hatches at about 1.2 mm length (Kotori, 1975), and although the

hatching size of 5 setosa is not known this species is smaller than

the former and a similar or smaller hatching size would be expected.

In the present work, stage I 5 setosa were observed to increase in

length by 1.38mm between November 1986 and January 1987. No

figures are available for February-April, but the average

temperature in these months would be similar to that in

November-January and a similar growth increment may be assumed.

A specimen hatched in November would then reach a length of ca.

8mm in April and would provide an explanation of the specimens

found by Pierce (1941) at that time.

If the 3 assumptions presented above are accepted, then the

following theoretical picture of the life cycle of 5 setosa can be

constructed.
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5 setosa breeds from about July-August to November, all the three

stages are present throughout that period, stage I having a minimum

length of less than 5mm. The species overwinters from December

to February mainly as stage I, with maturation to stage II of part of

the population mainly in the latter month, No stage III are present

at this time of the year, In April-May stage II becomes more

abundant and the mean size increases. This stage is dominant at

that time and part of the population (stage II) matures to stage III.

This maturation to stage III extend until June-July. However, no

stage I would be present in spring or early summer or if recorded

(as in April), the relatively large minimum length of the specimens

would identify them as originating from the brood of the preceding

year. This situation, with no stage I specimens of less than 5mm,

would extend until June-July. In July-August breeding starts again

and the life cycle is completed. Although this scheme seems

reasonable, the number of generations of 5 setosa produced

annually in the eastern Irish Sea should be regarded as not yet

determined, and a more consistent sampling program is required to

give definitive results.

Few observations on the position of 5 setosa in the water column

were made in this work. It occurred only in the autumm samples, and

the sampling was restricted to two depths. Most authors have found

that this species dwells in upper waters. Russell (1931), found

higher numbers of small specimens near the surface, but he also

pointed out that large 5 setosa were usually found higher in the

water column than 5 elegans . Jakobsen (1971), however, found no
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correlation between size of individuals and vertical distribution, He

stated " 5 setosa in the Oslofjord is rather strictly confined to the

upper waters". Kramp (1915) (cited in Oresland, 1983), reported

that 5 setosa was a well marked surface species. The results of

the present work add little to these earlier observations.
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6.0.

Results (feeding).

6.1.

Food items.

Analysis of the gut content was carried out for 21,351 specimens;

17225 for Sagitta elegans and 4026 for 5 setosa. The results are

presented in figures 3a to 23a for station 1, 1986-1987 and station

2, 1986 for 5 elegans; figures 26a to 30a show in a similar way

the results for 5 setosa both years at station 1.

Sagittas mainly preyed upon copepods, with Pseudocalanus usually

as the dominant food item. Other copepods, such as 0/Mona,

Acartla Centropages, remora and C813/7U5, were also consumed in

large numbers although never to the same extent as Pseuolocalanus.

Other plankters, like Cirripedia larvae and tintinnids or

dinoflagellates, were abundantly recorded in the digestive tract of

the chaetognaths at the times when those animals were abundant in

the field (e.g. Cirripeds) or when the size of the sagittas was such

that they could only handle the smaller prey available such as

dinoflagellates or tintinnids.

Appendicularians also contributed consistently to the diet of both

species, and it were particularly important for 5 setosa Fish eggs

and larvae (C/upea harengus mainly) were found in much lower

percentages in the stomachs of the predators.

6.2.

Gut Content analisys.

Segitte elegem.

In February 1986, at station 1, copepods made up to 83 % of the
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plankton samples (table 9). The main component of 5 elegans prey

also consisted of copepods (76%) with Pseudocalanus contributing

40 %. Other important prey were Oithona (10.4%) and Sagitta

(10.0 %). In April important changes in the plankton were observed

and Temorg Pseuctocalanug and cirriped larvae were dominant.

However, changes in the population of sagittas were also recorded

(i, e. spawning has occurred) and small sagittas which made up the

main bulk of the population did not feed substantially on the most

abundant species at that time of the year. Instead they preyed upon

small organisms as tintinnids (21.3%), nauplii (15.6%) and

Dino,ohysis ( 7.1%). The large amount of OMNI (Organic Material Not

Identifiable) was probably due to ingestion of small soft-bodied

animals, which by effect of digestion were not possible to recognize

(see discussion).

Temora (30 %), Acartia (25%), Pseudocalanus(22%), Ca/anus (10%)

and Centropag65 (5.5%) dominated the plankton samples taken in

June, and this was to a certain degree mirrored in the gut content of

the sagittas. Pseuo'ocalanus had recovered its importance as prey

(39%) followed by Centropages(28%) and Ac-art/a(7.4%). Nauplii

(7.7 %) were mainly found in the smallest predators.

In July Acartia (36.6%) was most abundant in the field and this

was reflected in the stomach content of the sagittas ; 15 % of the

animals with food content contained this copepod, but it was second

to Pseudoca/af2us which was again the main contributor to the diet

although second in abundance in the field (26.7%). Although, nauplii

(10.7%), Oithona (10.4%) and appendicularians (7.0%) also

contributed substantially to the diet of the predators, these
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organisms were not as abundant in the field as expected (see

discussion). Acartia increased in abundance in September (69%) and

increased also its percentage as foocl of the sagittas (30%),

Pseuclocalanus continued to be the principal prey (40%), while

Olt/ion Appendicularia, nauplii and Centropages(in that order of

importance) were also found in the stomachs of the chaetognaths.

At this time spawning of herring has occurred but the contribution

to both the plankton samples (0.8%) and gut content (0.7%) was very

low.

In November the same pattern as for September was observed.

Acartia decreased in abundance in the field (51%) and in the gut

content (25%). Pseuolocalanus maintened its position as main food

and increased in abundance in the samples (17%). Herring, however,

decreased numerically in the field but increased as prey to 1.8 % in

the diet.

In 1987, same station, a generally similar pattern in plankton and

sagitta's prey composition was observed. However, there were

some minor variations . Field samples from March were abundant in

cirripeds (36 %) and this was mirrored in the gut content of the

animals where they were the main component (68%). Pseudocalanu

was the second most abundant both as prey (21%) in the plankton

samples (20%). The other main difference for this year was found

in June when remora was found abundantly in the samples (43%)

and this species was second in frequency in the gut content (23%).

At station 2, 1986 some differences in the food composition and in
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the plankters were observed. Firstly, in February-March higher

proportions of appendicularians and Ca/anus were found both in the

field (35% and 9.6%) and in the gut content (13.6 and 11.8%

respectively) than for station 1. Polychaetes were abundant in this

area (13%) and had also a certain degree of importance in the diet.

5 elegans as prey also appeared at this time (3.6%). Zooplankton

samples from May-June were dominated by Ca/anus, Temora,

Cladocera and Pseudocalanus and in the stomach content the main

species found were remora and Pseudocalanus, folowed by

nauplii, Ca/anus, Appendicularia and Centropages. Cladocerans made

up only 1.7% of the recorded prey. The plankton composition and

abundace of July-August and September were also mirrored in the

stomach content of the animals.

6.3.

Sag/lie sett's&

Relating the kind and abundance of the zooplankton with the gut

content of this species is more difficult than for 5 elegans . This

was possibly due to the fact that 5 setosa fed on smaller particles

and these organisms were not always representatively caught by the

net. A more detailed explanation will be offered in the discussion,

in this paragraph only observations of the main food items are

presented.

5 setosa was first caught in February 1986 (for this species only

results for station 1, are included, because as mentioned before,

this species was very rarely caught both in numbers and frequency
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at station 2). At that time Oithona (28.6%), Pseudocalanus (22%)

and appendicularians (15.4%) were the main food items eaten.

Sag/Eta contributed with 1.8% and food items as small as

Lamellibranchia and Coscinodfscus were recorded, although in the

lowest percentages (Fig. 26a).

In September of the same year this species was feeding mainly on

appendicularians (29%), 3 species of copepods, namely Acarti

(23%), Pseuo'ocalanus (20%) and Olthona (10%) (see Fig. 27a).

November showed a similar pattern for the gut content analysis,

with the inclusion of Dynoph,vstS contributing 6% of prey eaten (Fig.

28a). In January 1987, when the species was collected again, the

main food found was in order of importance : Appendicularia (41%),

Nauplii (12%), Pseudocalanus (9.6%) and Olt/?ma (7.4%). Herring

was also preyed upon more heavily than found before (6%) and

CO5C/1700'15CUS was recorded again in the lowest percentages (Fig.

29a)

5 setosa was collected until October, and appendicularians and the

tintinnid Stenosomella contributed to its food in similarly high

percentages (27.7% and 24.3% respectively). Pseudocalanug Oitholm

and Acartia were the other important prey in the diet (Fig. 30a).

6.4.

Feeding in relation to depth and time of day.

Figures 3b to 23b provide the information of the Food Containing

Ratio (FCR) in percentages, regarding the feeding of Sag/Eta elegan6

at station 1 in 1986-1987 and station 2 in 1986. No figure is

provided for for September 1987, due to the way the sampling was
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carried out (see Material and Methods above). Graphs 26b to 30b

show similarly the same results for Sagitta setosa It can be

observed that with few exceptions 5 elegans fed more heavily at

the surface in darkness. On the other hand 5 setosa did not show a

regular pattern, i. e. the species was feeding similarly at both

depths and regardless of the time of the day. Further information

for the FCR (food Containing Ratio) mean NPC (Number of Prey per

Chaetognath) and Feeding Rate (FR) is presented in tables 5 to 8 for

the different gonadic stages of both species of 5agitta

6.4.1.

Segitte ele,gens

In February 1986, at station 1, the curve for the feeding rate was

similar for both depths, with slightly higher percentages near the

bottom (Fig. 3b). This situation was reversed in April when

spawning had occurred. Small sagittas which made the main bulk of

the population fed at all times near the surface (Fig. 4b). Samples

from June (fig. 5b) show that feeding was similar at surface and

bottom during daytime. However, this figure also shows higher

feeding activity at the surface at night, with a peak at 04 hrs. The

lowest FCR was recorded from the samples collected at 06 hrs (Fig.

5b). In July a similar pattern was observed as in the month before

with only small changes. The highest predation rate was recorded

at 03 hrs., and three periods of low food consumption were detected;

these were at 09 hrs., at 12 noon and at 06 hrs next day (Fig. 6b).

Sagittas in September fed in very low percentages at both depths

during daytime, a dramatic increase was recorded at 21 hrs.,
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and this high predation increased even further at 24 hrs. at the

surface and decreased at the bottom. At 03 hrs., feeding frequency

decreased at both depths and by 06 hrs. a similar low predation was

recorded as the day before (fig. 7b). Samples from November were

obtained only by day. Specimens were not collected at the surface,

and at the bottom the FCR was more or less steady at about 30%.

In January 1987, the animals fed in similar percentages at both

depths, and the FOR increased at night. In March, due to the strong

vertical migration behaviour of the adult sagittas, which dominated

in the population, specimens were not caught at the surface during

the daytime. By day feeding was low near the bottom and increased

dramatically at night at both depths. From April onwards the

feeding behaviour of the animals essentially did not change. Thus,

within certain limits, the results observed followed the same

pattern as described for 1986, same station.

In February-March at station 2, samples were obtained mainly at

night in February (see Table 1); the samples taken by day in March

are not included for the food containing ratio of the species.

&Vegans at this station shows similar results to those described for

station 1, although some minor variations were observed, mainly

related to the fact that this station is much deeeper than station

1. Animals were often abundant at samples taken in midwater tows,

particularly by day (see Tables 23 to 26), and this was reflected in

the feeding frequency of the animals. At night, however, when

predation was heavier, near surface and midwater strata had more
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specimens with food in the stomach than those from samples near

the bottom.

6.4.2.

Segitte sett's&

This species is known to dwell less deeply in the water column than

5 elegal25 (see discussion for vertical migration, above). This

behaviour was somehow mirrored in the feeding activity of the

species. However in February 1987, the curve for the FCR shows

that feeding near the bottom was slightly heavier than at the

surface. Sagitta setosa also showed an increase in feeding activity

at night, as found for 5 elegans.

6.5.

Seasonal feeding.

Regardless the higher prey availability at certain periods, as

evidenced by the zooplankton abundance (org/m3 ), 5 setosa and 5

elegans did not show a regular pattern. i. e. they did not necessarily

predate more heavily when there was more food available, and the

results in this respect will be considered in the discussion.

6.6.

Comparison of the FCR for S. elegem and S. setase.

From Figures 3b to 23b and 26b to 30b, it can be observed that in

general a higher predation was recorded for 5 elegans This

species of tenly reached FCR values above 50 %. On the other hand 5

setosa frequently had values below that figure, the exception being
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for specimens collected in October 1987, when a FCR of about 60%

was recorded.

6 .7.

Food Containing Ratio, Multiple Prey and Feeding Rate.

Results concerning the Food Containing Ratio (FCR), for the three

gonadic developmental stages, Mean Number of Prey per Chaetognath

(NPC) and Feeding Rate (FR) for the samples as a whole, are provided

in Tables 5 to 8 for both species in 1986-1987 at station 1 and

1986 for station 2.

The following general pattern for the chaetognaths studied can be

observed

1) Although sometimes smaller specimens (mean size) had similar

or (rarely) higher values, usually the larger specimens had higher

FCRs.

2) The FCR was always higher at night than during the day.

3) Regarding the depth, the FCR did not follow a regular pattern, i.e.

at times it was higher near the surface and in other occasions it

was similar or higher from samples collected near bottom. This is

also applicable to station 2; however it was observed that

specimens from midwater samples frequently had a higher FCR than

specimens from the other two depths.

4) The FCR was usually lower than the NPC, and this is only logical,

as NPC includes multiple prey. When the FCR and NPC had the same
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value, this is indicative that no predators were found with more

than one prey at a time.

Most of the animals were found with only one prey specimen in their

gut, but specimens with two prey items were recorded fairly

frequently, and predators with more than two prey were very scarce.

The maximum number of prey in a predator was five, except in

samples from October 1987, when small Sag/Eta setosa of about 3

to 4mm length were found to contain up to nine specimens of

Stenosomella. This was the reason for the high difference between

the FCR and NPC for this species in that month, i.e. the higher the

difference in value between the FCR and NPC, the higher the

frequency or the number of prey found in the predators.

The FR was defined as the number of prey eaten per day (see

Feigenbaum and Mans, 1984), and animals fed more heavily at night

as evidenced for the higher FOR values (see Figs. 3b to 30b and also

Tables 5 to 8). For this reason when only day or only night samples

were obtained no values for the FR are presented. Feeding Rates for

&Nitta elegans ranged from 0.75 prey day -1 to 3.55 prey day-1.

Values for Sagitta setosa were from 1.38 to 5.35 prey day -1 . It is

difficult to compare feeding rates between the species,

particularly because there are fewer values for 5 setosa. However

it seems that 5 elegans has lower FR values. It was not possible to

find a relation between the prey availability and the Feeding Rates

of the animals, and the possible reasons for this finding will be

treated in the discussion.
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Fig. 3,R,B,C.

Station 1

February 1986.

A) Percentage occurrence of food items in 5
elegans, as recorded from field samples.

OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)

N= 1291
Mean 12.65 (Length in mm).
Standard error 0.049 Standard deviation 3.02.

Mean size stage I = 10.14
Mean size stage II = 12.77
Mean size stage III = 15.56



A
Feb.

Items I
I.- Pssucloculanus 40.1
2.- OMNI 17.7
3.- OilAons 10.4
4.- Sagitle 10.0
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6.- Centropages 5.4
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Naup111 2.3
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Fig. 4,R,B,C.

Station 1

April 1986.

R) Percentage occurrence of food items in 5
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N= 690
Mean 3.02 (Length in mm).
Standard error 0.107 Standard deviation 2.80

Mean size stage 1 = 2.55
Mean size stage II =12.00
Mean size stage I I I = 15.66
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Fig. 5,A,B,C.

Station 1

June 1986.

II) Percentage occurrence of food items in 5
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night

samples. Surf. ( 	 ) Bott. ( 	 ).

* No sagittas collected.

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N = 1097
Mean 8.53 (Length in mm).
Standard error 0.091 Standard deviation 3.02
Mean size stage 1 = 7.01
Mean size stage 11= 11.37
Mean size stage 111 = 13.51
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Items 2
1.- Psmaloce/anas 39.0
2.- Callropages 28.3
3.- Naup111 7.7
4.- Amelia 7.4
5.- OMNI 5.4
6.- Colenta 3.3

* Others 8.9
restore 3.0

Appendlcular1a 2.7
Crustacean eggs 1.3
Copepod remains 1.3
Cledocere 0.3
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Fig. 61RIBIC.

Station 1

July 1986.

A) Percentage occurrence of food items in S
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistic (All stages)
N= 1390
Mean 7.30 (Length in mm).
Standard error 0.057 Standard deviation 2.14
Mean size stage I = 7.03
Mean size stage II = 9.93
Mean size stage III = 11.57
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3. -Nauplii 10.7
4.- &Lew 10.4
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7.- OMNI 4.4

*	 Others 10.2
Toms's 4.1

Cealrysirss 3.0
Ca/sais 0.9
Cladocera 0.6
Copepod remains 0.6
Decapod larvae 0.3
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Fig. 7,R,B,C.

Station 1

September 1986.

A) Percentage occurrence of food items in 5
elegans, as recorded from field samples.
Otv1111= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 &Vegans from day-night

samples. Surf ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages).
N= 576

Mean 9.08 (Length in mm).
Standard error 0.084 Standard deviation 2.02
Mean size stage I = 8.90
Mean size stage II = 13.31
Mean size stage III = 14.00



09 112 '15 18 21 2 14 03 06 H rs .

120-"

100 -

20-

80 -

k
60 -

20

Sep. 86

Stage 1
o Stage 11
• Stage 111

A

60-

Sep
60-

Sep

Items 2
1.- Pssed*csialeats 40.7
2.- Acartia 30.7
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5.- Nauplii 5.4
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OMNI 1.5
Fish eggs 0.7
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Fig. 8,1116,C.

Station 1

November 1986.

F1) Percentage occurrence of food items in 5
&Awns, as recorded from field samples.
OMNI= Organic Material not identifiable.

13) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day
samples, Surf. ( 	 ) Bott. ( 	 ).

* No sagittas collected.

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N= 277
Mean 13.64 (Length in mm).
Standard error 0.091 Standard deviation 1,51
Mean size stage I = 11.00
Mean size stage II = 13.87
No stage III recorded.
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Fig. g - Length-frequency and maturity stages of Se,gitte elegem at

station 1, 1986.

: g

E3
z

16
.c..)

E3
z

600

500

400

300

200

100

0

600

500

400

300

200

100



Fig.

Station 1

January 1987.

%) Peccer\tage occurTence of food items in 5
elogans, as recorded from field samples.
OMNI= Organic Material not identifiable.

13) Food Containing Ratio (FOR) found in analysis
of gut contents of 5 &logo/7s from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N = 1717
Mean 14.21 (Length in mm).
Standard error 0.038 Standard deviation 1.58
Mean size stage I = 10.05
Mean size stage I I = 13.87
Mean size stage III = 15.62
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4.- 01941 11.0
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Copepod remains 1.4
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Fig. 11,11,8IC.

Station 1

March 1987.

11) Percentage occurrence of food items in S
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).
* No sagittas collected.

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)

N= 725
Mean 14.06 (Length in mm).
Standard error 0.043 Standard deviation 1.17
No gonadic stage I found
Mean size stage II = 11.86
Mean size stage III = 14.11
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Fig. 12,11,8,C.

Station 1

April 1987.

II) Percentage occurrence of food items in 5
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.

Statistics (All stages)
N= 533
Mean 4.80 (Length in mm).
Standard error 0.0.18 Standard deviation 4.13
Mean size stage I = 3.37
Mean size stage II = 9.36
Mean size stage III =16.60
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Fig. 13,11,B,C.

Station 1

May 1987.

li) Percentage occurrence of food items in S
elegans, as recorded from field samples.
OMNI = Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 . ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)

N= 520
Mean 10.56 (Length in mm).
Standard error 0.16 Standard deviation 3.62
Mean size stage I = 6.00
Mean size stage II = 10.31
Mean size stage II I = 15.25
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Fig. 14,R,B,C.

Station 1

June 1987.

11) Percentage occurrence of food items in 5
e/egans, as recorded from field samples.

OMNI = Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics
N= 274
Mean 9.00 (Length in mm).
Standard error 0.16 Standard deviation 2.77
Mean size stage I = 5.93
Mean size stage II = 9.85
Mean size stage III = 13.63
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Fig. 15,A,B,C.

Station 1

July 1987.

11) Percentage occurrence of food items in S.
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of S. elegans from night
samples. Surf. ( 	 ) Botta ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N= 372
Mean 5.44 (Length in mm).
Standard error 0.12 Standard deviation 2.42
Mean size stage I = 4.62
Mean size stage II = 9.13
Mean size stage III = 13.20
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Fig. 16,R,B,C.

Station 1

August 1987.

R) Percentage occurrence of food items in 5
elegans, as recorded from field samples.
OMNI= Organic Material not identifiable.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 &Aryans from day-night

samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N= 686
Mean 4.95 (Length in mm).
Standard error 0.06 Standard deviation 1.66
Mean size stage I = 4.83
Mean size stage II = 9.13
Mean size stage III = 12.60
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Fig. 17,11,B.

Station 1

September 1987.

FI) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day
samples. Surf. ( 	 ) Bott. ( 	 ).

B) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N= 285
Mean 9.22 (Length in mm).
Standard error 0,09 Standard deviation 1.63
Mean size stage I = 9,15
Mean size stage I I = 12.24
Mean size stage III = 12.40



80-'

A

Sep.

Items
1.- Pseudocalanus 62.0
2.- Acartis 13.8
3.- Nauplii 6.8
4.- Copepod remains 6.8

* Others 10.2
Olthona 5.4
Cs/anus 2.4
OM NI 2.4

60
Sep. 87

0 Stage 1
0 Stage II

/	 • Stage III

20-

3
	

4
	 8	 9	 10 11	 12 13 14 15

Size (mm)



Fig. 18,R,B,C.

Station 1

October 1987.

R) Percentage occurrence of food items in 5
elegang as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 &Vegans from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
elegans of different maturiy stages.

Statistics (All stages)
N= 1193
Mean 11.30 (Length in mm).
Standard error 0.05 Standard deviation 1.90
Mean size stage I =10.34
Mean size stage II = 12.95
Mean size stage III = 13.40
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Fig. 20,11,8,C.

Station 2

Feb. Mar. 1996.

II) Percentage occurrence of food items in 5
elegan4 as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Mid (_ __ _)
Bott. ( 	 )

C) Size frequency distribution histogram of 5
elegans of different maturity stages.
Statistics (All stages)
N= 1611
Mean 12.54 (Lenghth in mm).
Standard error 0.04 Standard deviation 1.54.
Mean size stage I = 10.13
Mean size stage II = 12.38
Mean size stage III = 14.03
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Fig. 21,R,B,C.

Station 2

May 1986.

A) Percentage occurrence of food items in $
elegan4 as recorded from field samples.

8) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Mid (__ _ _)
Bott. ( 	 ).

* No sagittas collected.

C) Size frequency distribution histogram of 5
&lop/7s of different maturity stages.

Statistics (All stages)
N = 998
Mean 8.65 (Length in mm).
Standard error 0.13 Standard deviation 4.14
Mean size stage I = 7.15
Mean size stage II = 13.57
Mean size stage III = 17.54
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Fig. 22,A,BIC.

Station 2

July 1986.

H) Percentage occurrence of food items in 5
elegang as recorded from field samples.

8) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night

samples. Surf. ( 	 ) Mid (_ ___)
Bott. ( 	 ).

C) Size frequency distribution histogram of 5
eIegans of different maturity stages.
Statistics (All stages)
N= 1788
Mean 11.14 (Length in mm).
Standard error 0.09 Standard deviation 4.03
Mean size stage I = 8.58
Mean size stage II = 12.92
Mean size stage III =16.50
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Fig. 23,A,B,C.

Station 2

September 1986.

II) Percentage occurrence of food items in 5
elegan4 as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 elegans from day-night
samples. Surf. ( 	 ) Mid (___ _)
Bott. ( 	 ).

* No sagittas collected.

C) Size frequency distribution histogram of 5
elegans of different maturity stages.

Statistics (All stages)
N= 1300
Mean 13.21 (Length in mm).
Standard error 0.05 Standard deviation 1.80
Mean size stage I = 12.34
Mean size stage II = 14.71
Mean size stage II I = 16.30
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Fig. 26,11,B,C.

Station 1

February 1986.

11) Percentage occurrence of food items in 5
setosa, as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of S. setosa from day-night

samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5

setosa of different maturity stages.

Statistics (All stages)
N = 1136
Mean 10.94 (Length in mm).
Standard error 0.05 Standard deviation 1.66
Mean size stage I =10.64
Mean size stage II = 12.50
No stage III recorded
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Fig. 27,R,B,C.

Station 1

September 1986.

II) Percentage occurrence of food items in 5
setosa, as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 setosa from day-night

samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
setosa of different maturity stages.
Statistics (Al) stages)
N= 696
Mean 8.59 (Length in mm).
Standard error 0.08 Standard deviation 2.17
Mean size stage I = 6.63
Mean size stage II = 8.75
Mean size stage III = 11.13
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Fig. 28,R,B,C.

Station 1

November 1986.

/1) Percentage occurrence of food items in 5
setosa, as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 setosa from day
samples. Surf. ( 	 ) Bott. ( 	 ).

* No sagittas collected.

C) Size frequency distribution histogram of S.
setosa of different maturity stages.

Statistics (All stages)
N= 172
Mean 10.49 (Length in mm).
Standard error 0.15 Standard deviation 2.03
Mean size stage I = 9.85
Mean size stage II = 12.30
Mean size stage III = 13.73
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Fig. 29,R,B,C.

Station 1

January 1987.

A) Percentage occurrence of food items in $
setosa, as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 setosa from day-night

samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of S,

setosa of different maturity stages.
Statistics (All stages)
N= 1050
Mean 11.50 (Length in mm).
Standard error 0,04 Standard deviation 1.28
Mean size stage I = 11,25
Mean size stage 11=13.23
No stage III recorded.
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Fig. 30,I1,B,C.

Station 1

October 1987.

A) Percentage occurrence of food items in 5
setosa, as recorded from field samples.

B) Food Containing Ratio (FCR) found in analysis
of gut contents of 5 setosa from day-night
samples. Surf. ( 	 ) Bott. ( 	 ).

C) Size frequency distribution histogram of 5
setosa of different maturity stages.

Statistics
N= 972
Mean 8.85 (Length in mm).
Standard error 0.07 Standard deviation 2.43
Mean size stage I = 6.70
Mean size stage II = 10.26
Mean size stage III = 12.42
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Fig. 31.

Station 1

November 1987.

Size frequency distribution histogram of 5
setosa of different maturity stages.
Statistics (All stages)
N = 235
Mean 7.81 Mode 5.60 (Length in mm).
Standard error 0.14 Standard deviation 2.21
Mean size stage I = 7.60
Mean size stage II = 11.38
No stage I I I recorded
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Fig. 33.

A) Diel vertical migration of 5 elegans at
station 1, 1987.

B) Diel vertical migration of 5 elegans at
station 2, 1986.

D= day N = night

Depths are: for station 1, surface and near bottom,
for station 2, surface, midwater and near bottom.
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7.0.

Feeding enperiments.

7.1.

Selection,

Experiments for the selection of prey and daily predation were

carried out only for 5agitta elegang as this species is relatively

abundant in Port Erin Bay throughout the year and catching the

specimens was relatively easy with a minimum of handling. The

results are presented in Tables 27 and 28.

Experiments 1 to 6 were made with a single species as prey and

they showed that the predation rates were similarly high for

Centro,ogges and male Acartig followed by Pseudocalanug female

Acartia and the lowest comsumption by the predators was for

Temora The rest of the experiments were carried out with more

than one species, and results were consistent regarding high

predation for most of the items offered. They also showed that

Temorg /5/as and OikopIeura (only one experiment each with the

two latter species) were less favoured as prey. Acartig when

offered as male or as copepodite stage IV and V, was readily eaten,

however, when female Acartia was given instead, the predation

rate decreased. Centropages was usually the species most

predated, although sometimes more Olt/7o/?a were taken. Note that

all Oithona specimens given were adults, in an effort to make

them size-comparable with the other species.
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remora was without doubt the least consumed prey, whether

offered as a single species or in in a mixture with other prey items.

7.2.

Daily ration.

The daily ration experiments were carried out with those copepod

species to be well predated by the sagittas, i.e. Pseudocalanus,

Oithona and Centropages

Results indicate that predation increased with increases in the

density of prey offered. However, when prey density reached 100

organisms per litre or more, the predation rate became erratic,

showing no further regular increment when higher densities of food

were provided.
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Table 27.- Prey electivity experiments for Sagitta views
IV-Y= Copepodite stages. Ad = Adults.
F= Females M= Males.



Experiment Sagittas Vol. Food items provided Items oaten

No. No. Size(mm)	 Mean (cc) (Stage)	 Species (no). X

1 16 7.8- 10.2 9.2 2000 (IV-V)	 Centrop. (50 72

2 9 7.4- 11.0 9.4 2000 (IV-V)	 Centrop. (20) 60

3 16 7.2-9,6 9.4 2000 (IV_Ad).	 Pseudoc. (100) 31

4 15 9.6- 13.4 11,0 2000 (IV-Ad).	 Temora (100) 12

5 6 10.0- 11.8 10.9 2000 (Ad).	 Acartla (F) (50', 28.5

(Ad).	 Acartia (M) (50: 71.5

6 11 8.4- 10.0 9.4 2000 (Ad).	 Acartia	 (F) (100: 27.9

(Ad).	 Acartia (M) (100: 72.1

7 10 6,0-8.0 6.9 2000 -(IV-V)	 Pseudoc, (50, 31

(Ad)	 Oithona (50) 69

a 15 9.6-13.4 11.0 2000 -(Ad).	 Pseudoc (25) 40.0

(Ad).	 Centrop. (25: 60.0

9 10 9.0-10.8 10.0 2000 (IV-V).	 Pseudoc. (50: 50

(Ad).	 Oithona (50) 50

10 16 6.2-11.0 8.8 2000 (IV-Ad).	 Temora (100) 10.3

(IV-Ad).	 Centrop. (100) 89.7
.

11 14 6.0-8.6 7.4 2000 (Ad).	 Oithona (25) 45.6

(IV-V)	 Centrop. (25) 30.0

(IV-V)	 Pseudoc. (25', 24.3

12 15 10.0-15.4 12.3 2000 (Ad).	 Temora (40) 2.7

(Ad).	 Pseudoc. (40) 25.0

(Ad).	 Centrop. (40: 33.3

13 7 9.0-11.0 10.4 2000 (IV-Ad).	 Temora (20) 8.0

(Ad).	 Islas (20) 12.0
(IV-Ad).	 Pseudoc. (20', 40.0
(IV-Ad).	 Centrop. (20) 40.0

14 10 6.0-10,6 8.2 2000 (IV-V)	 Pseudoc. (20: 16.0

(Ad).	 Oithona (20) 24.0
(IV-V)	 remora (20) 10.0
(IV-V)	 Acartla (20) 16.0
(IV-V)	 Centrop. (20) 34.0

15 17 7.8-10.4 9.1 2000 (IV-V)	 Temora (25) 8.0
(IV-V)	 Pseudoc. (25: 21.1
(Ad).	 Oithona (25) 24.4
(IV-V)	 Acartia (25) 30.8

Appendicularia (25) 15.5

16 8 7.0-11.0 9.7 2000 (IV-V)	 Temora (20) 0

(IV-V)	 Pseudoc. (20) 28.3
(IV-V)	 Acartia (20) 14.2
(IV-V)	 Centrop. (20) 23.0
(Ad).	 Of thona (20) 34.4

17 7 7.0-11.2 9.9 2000 (IV-Ad),	 remora (20) 0

(IV-Ad). Pseudoc. (20: 21.5
(IV-V). Acartia (20) 36.2 .1

(V-Ad).	 Centrop. (20) 8.9

I (Ad).	 Oithona (20) 33.3



Experiment No. of Vol. Prey Daily Food
No. Sagittas (cc) (Orgil) ration Unavailable

1 9 2000 10 1.3 0
2 15 2000 25 2.3 0
3 14 2000 37.5 3.3 0
4 7 2000 40 3.5 2
5 16 2000 50 3.9 2
6 a 2000 50 4.1 4
7 10 2000 50 4.2 0
8 7 2000 50 4.8 3
9 15 2000 60 4.2 4
10 15 2000 62.5 5.3 5
11 15 2000 100 6 1
12 10 1000 100 5.5 2
13 10 1000 250 5.5 3
14 10 1000 250 6 6
15 10 1000 350 7.2 2
16 10 1000 350 9 4
17 10 1000 1	 450 7.6 5

Table 28.- Daily average comsumptlon of prey for Swifts elegans



8.0.

Discussion.

8.1.

Zooplankton composition and abundance.

The zooplankton composition and abundance was, in general,

mirrored in the gut content of the sagittas. Copepods were most

abundant in the majority of the samples and were also usually the

dominant food items found in the stomachs of the predators. These

findings in general agree with the results of other workers (see

review of Feigenbaum and Mans, 1984). However comments are

necessary as to clarify some of the results obtained in this study.

Results in this work agree to a great extent with those from

Williamson (1952, 1956a) regarding the composition and abundance

of the zooplankters. remora and A-art/a dominated the copepod

population and the zooplankton samples as a whole at certain times

of the year. Lee (1971), however, found Pseudocalanus as

consistently more abundant than the species mentioned above. The

artifact seem to be related to the mesh size of the nets as Lee

(1971) used a smaller mesh net (240p.). This allowed the net to

catch not only the adults and later copepodites but also the early

stages. Williamson (pers. Comm.) commented that these different

findings might also be explained by long term shifts in the plankton

composition.

8 .2.

Food items.

Pseudocalanus was consistenly one of the most important prey
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items for 5 elegans and also contributed substantially to the diet

of 5 setosa This was observed even at times when this copepod

was not as abundant as other copepod species in the plankton

samples (usually Acartia and remora ). Rakusa-Suscszewski

(1969) working in the British Isles reported that " Pseudocalanu,s

elongatus was the most frequent species in the gut content of P

(Parasaptta) elegans, with Ca/anus finmarchichus also appearing".

Ohman (1986), reported that Pseudocalanus could comprise 61% in

April and 67% in June as prey for 5 elegans

It also should be noted that in this work no distinction was made

whether the prey eaten was a copepodite stage or an adult. This is

of particular importance because the number of generations

produced annually for P elongatus is not known in the Irish sea,

although is well known that PseudocalaLvs in other areas has

between five and nine generations yearly. Marshall (1949), in Loch

Striven, Scotland, found that during the season with high egg

production (late February to about August) six generations can be

produced. Digby (1950), in the Plymouth area, found this season of

high productivity lasted from February to the end of October with a

total of nine generations. Evans (1977) in Northumberland, England,

reported seven generations a year produced between April and

October. (For the number of generations produced annually in other

areas see Corkett and Mclaren, 1978). It is not possible to

determine the number of generations produced in the Irish Sea from

this work or the work of Lee (1971), but he suggested that the

breeding pattern was similar to that recorded at Plymouth. This

relatively high number of generations would support the findings

of Lee (1971) for the abundance of this species and also would
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explain the high predation rate by Sagitta. (For the generations

produced yearly of other copepod species in the Irish sea, See Lee,

1971).

Oresland (1987), found Ca/anus and remora as important food

items of S e/egans in Gullmarsfjorden, Sweden. However, he pooled

all the other copepods which did not belong to the species mentioned

above. He also commented that these copepods were preyed upon

only by chaetognaths near 20mm length (maximum length attained

by the chaetognaths in that area was 37mm). Rakusa-Susczsewski

(1969), working around the British Isles, also found these copepods

to make important contributions to the diet of 5 e/egans, In the

present work, however, Ca/anus was unimportant as prey species

except at station 2 (west of the Isle of Man) and two factors are

thought to have contributed to this result. 1) Ca/anus was more

abundant at this station and 2) the sagittas attained larger sizes.

(see Table 24 for composition and abundance of the zooplankton and

also Figs. 18a and 19a for maximum size attained by the predators).

The chaetognaths examined by Oresland (1987) and

Rakusa-Sucszweswki (1969) attained larger sizes than those from

the Irish sea, as the size of mature animals is temperature

dependant (see discussion for populations above), and this allowed

them to prey on larger items. Sullivan (1980) pointed out that

there is no question that small prey provided the most important

items in the nutrition of the 0-17mm chaetognaths, since these

were the only items consumed".

More difficult to explain is the low percentages for remora and

Acartla as food content, particularly when these copepods were

highly abundant in the field. However, in the case of Temora it was
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observed that this copepod tended to aggregate, forming compact

conglomerates (see below). Williamson (pers. comm.) observed this

swarming behaviour in natural conditions. This behaviour may

discourage relatively "small" predators like sagittas, whilst the

opposite may be true for larger predators such as adult herrings.

Rice (1963), working with specimens from near the Isle of Man,

reported that remora was certainly the most abundant prey species

in the herrings he examined, Hardy (1924) reported similar

conclusions and also showed that Sagitta made up a significant part

of the diet of the North Sea herring, Reeve (1964b, 1980) and

Feigenbaum and Reeve (1977) found in laboratory conditions that

chaetognaths showed some evidence of feeding inhibition at food

levels above critical densities. Pearre (1980a), who studied the

relationship of several species of chaetognaths and the size of their

prey, found that the best correlation is between body width of prey

and chaetognath head width. Pseuclocalaaus and remora attain

more or less the same cephalotorax length, but while P563U010C013/7U,S

is nearly cylindrical, the body of remora is rather wider and deeper.

This means that for a given size of predator only a certain range in

size of Temora as prey would be eaten, whilst in Pseudocalanu,s

this range would be greter. (Measurements of width body in adult

females for Pseudocalanus and remora are approximately 0.35mm

and 0.50mm respectively, pers. obs.),

Regarding Acartia, when carrying out the gut content analysis, it

was observed (when identification to this extent was possible) a

relatively higher feeding rate on the male copepods or copepodite

stages and clearly lower feeding rate on the females. This result

from the field lead to experiments with these three different
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"kinds" of Acartia and similar results were found (see Table 27).

This low predation on adult females of Acartfa is probably related

to the relatively larger size of the species, the spiny processes of

the antennae or the possible differential swimming behaviour

within the species regarding females and males or copepodites, or a

combination of these factors. Feigenbaum and Reeve (1977) found

that the swimming speed and movement pattern of the prey can (by

means of random encounters) affect the probability of being eaten.

Feigenbaum and Mans (1984) pointed out that "selection by species

or type of prey may be more an artifact of the strength and clarity

of the prey signal or the prey's ability to avoid capture than an

indication of preference on the part of the predator". Sullivan

(1980) working with 5 elegans and Eukrohnia hamata found that

for a similar size of both species the latter consumed more OPC3e

than 5 e/egans, this could be an example of the statement given by

Feigenbaum and Mans (1984) above.

During the feeding experiments it was observed, that when catching

the copepod species as food for the chaetognaths, the following

order of "easyness" for pipetting them was evident : Contropages>

0/Mona> Pseudocalanus> remora> and Ca/anus and Acartia were

the most difficult to catch. It can be argued that catching a copepod

by means of a pippete is not the same situation as a 53g/tL

catching a prey, particularly because most sagittas are ambush

hunters (Feigenbaum and Mans, 1984). However, it also suggest that

different species have different thresholds in the water perturbance

of the micro-enviroment, and therefore gives indication of the

degree of facility to be caught by a predator. Gauld (1966) reported
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that calanoid copepods are known to sense small changes in

hydrostatic pressure and make large leaps or jerks to avoid contact

or capture.

Oinona also contributed substantially to the diet of the

chaetognaths with a higher predation rate by 5 setosa . The high

percentage of this copepod in the gut content of the predators does

not agree with the usually low percentages of 0/070/28 in the

plankton samples. However, this copepod species has a rather small

and slender body, which probably allowed it to escape through the

net, as the mesh size used in this work was probably too wide to

retain all the specimens. Lee (1971) reported that Olthona s/inill,

was the most abundant copepod in the Irish sea and that " Its

numbers averaged double those of any other species". Thus, although

the plankton samples analyzed did not denote the actual abundance

in the field, this copepod species was probably very abundant,

which was strongly suggested by the gut content analysis of the

sagittas.

Appendicularians were in a similar situation to 0/thong probably

being underestimated in their abundance in the field . They were

also found to contribute substantially to the diet of 5acitta

particularly 5 setosa.

It is well documented in the literature that larger chaetognaths

feed upon larger prey (Reeve, 1966; Rakusa-Suszcsewski, 1969 and

revision of Feigenbaum and Mans, 1984). This was clearly shown in

both species of Sagitta from this area. Thus, the larger species 5

elegans, preyed upon larger food items such as Pseudocalanus and

&art/a and 5 setosa, which is the smaller species, had as
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main prey 0/Mona and appendicularia. Nevertheless, 5 elegaas

frequently did take small prey, and in fact both species of 5agitt6

overlapped in their diet. 5 setosa and 5 elegans also included in

their diet small organisms such as tintinnids and dinoflagellates,

but this only was observed to occur when the size of the

chaetognaths was as small as 2 to 5mm.

Cirriped larvae were also substantially preyed upon by 5 elegans

These larvae reach their maximum abundance in March and April, and

at this time of the year 5 setosa was not found in the study area

(see Tables 10,16 and 17). However, in April 1986, feeding upon this

organism was very low, and the reason was that the population of 5

e/egans was made up mainly of small specimens (see Fig. 4c).

However, in March next year when cirripeds were already abundant

and large sagittas dominated the population, predation upon the

barnacle larvae was heavy, and in fact they were the main prey

eaten (Fig. 11a). Next month (April), even when cirripeds were still

abundant in the plankton samples (table 17), as in the preceding

year, spawning of 5 elegans had occurred and the predation rate on

those organisms decreased sharply. Many chaetognaths are mainly

ambush predators (Feigenbaum and Mans, 1984), and they do not

pursue escaped prey (Parry, 1944; Nagasawa and Marumo, 1972).

Thus they depend on the prey's movement in order to catch them (see

Feigenbaum and Mans, 1984). It is clear, however, that abundance of

the prey (as in the case of the cirriped larvae) is not the only

limitant for the predator to catch the prey. Instead this is a clear

example of feeding according to size of both predator and prey,
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rather than abundance of the prey.

Probably due to their economical importance in terms of fisheries,

fish eggs and larvae have frequently been reported to be preyed upon

by chaetognaths (Lebour,1922, 1923; Bigelow, 1924; Khulman, 1977;

Alvarino, 1985). Although Khulman (1977) found a certain degree of

predation on fish larvae in laboratory conditions, it was much lower

than for copepods. He also reported no predation on fish eggs.

Tungate (1975), arrived at the conclusion that the mortality rate of

plaice larvae due to predation by Sagitta was insignificant due to

the relatively large size of this fish larvae. Reeve (1966) found

that chaetognaths would not attack eggs of the brine shrimp

Artem/a.

In this work similar results were found and only one fish egg was

recorded from a saptta stomach during the whole study period.

Eggs of crustaceans as food were more frequent, probably as the

result of sagittas feeding on females bearing eggs in various stages

of development. As mentioned before (see discussion on

populations: vertical migration), crustacean eggs are rich in oil or

oil derivatives which have a long digestion time. This could be the

reason for finding them, even when the rest of the copepod could

have even been defecated.

Fish larvae were relatively abundant within the spawning season of

the herring, which lasts from September to usually November

(Bowers, 1952, Bowers and Williamson, 1950). In this work larvae
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of herring with yolk sacs (about 5mm to 9mm length) were found as

late as January 1987, while in February 1986 only larvae larger

than 16mm were found (unpublished records), Although they were at

times relatively abundant they were usually predated in very low

percentages. There are several possible explanations for those this

results:

1) The relatively low abundance of fish larvae as compared to

other plankters (e.g. copepods).

2) Immobility of the herring larvae during the time they have

food reserves (yolk-sac larvae).

3) Herring larvae without yolk sacs have a greatly increased

swimming capacity which probably allows them to escape from

predators,

4) Herring larvae are visual feeders and the same visual

mechanism that permits them to catch prey is likely to work

for avoiding predation.

Point 1 is self-explanatory and only the other points will be

discussed in greater detail. Regarding the second and third points,

chaetognaths are known to feed on mobile prey (Feigenbaum and

Reeve, 1977; Horridge and Boulton, 1967), and fish larvae at yolk

sac stage are practically quiescent. Hunter(1981) reported that

only yolk-sac larvae are vulnerable to attacks by other plankters as

Euphausia and LaNdocera (copepod), because old larvae easily

avoided sagittas".
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Cushing and Harris (1973) concluded that due to the chaetognath's

abundance they are responsible for only about 1% of the predation

on fish larvae. Bowers and Williamson (1950) found that yolk-sac

larvae would not feed when about less than about 6mm length, but

feeding activity would gradually increase with decreasing yolk

(Bowers, pers. comm). It is well documented in the literature that

the feeding activity of fish larvae becomes well established only

when the organs of the animals are functional, e.g. fins, gills,

pigmented eyes (Ahlstrom and Ball, 1954). The yolk sac in herring

disappears at about lOmm and at this size the larvae are already

efficient swimmers, able to avoid plankton nets (see review by

Clutter and Anraku, 1976).

On point 4, the literature is replete with reports establishing that

herring larvae are visual feeders (Blaxter, 1965, 1966,1968; Biaxter

and Jones, 1967, Bainbridge and Forsyth, 1971; Noskov, et al, 1979),

and vision which is utilized for prey detection is also applicable

for avoiding predation, (cf. Blaxter, 1986).

Intrageneric predation, which for convenience in this work will be

referred to as "cannibalism", was also observed. This behaviour in

chaetognaths has long been known (Scott, 1893), and the literature

is packed with many more recent reports (Mironov, 1960; Stone,

1969; Alvarino, 1975; Nagasawa and Marumo, 1976a; Pearre, 1981,

1982; Oresland, 1987). Feigenbaum and Mans (1984) mentioned that

"true cannibalism may be an adaptive behaviour when food is

limited, particularly if it is behaviourly related to reproduction
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in mature individuals". Pearre (1982), found that predation on other

chaetognaths increases with the abundance of the predator species

and that large headed animals are the primary predators of smaller

ones. In this work similar results were found and cannibalism was

observed only when food was scarce (February, 1986; January,

1987). Oresland (1987), found a higher occurrence of cannibalism in

5 setosa than in 5 elegans He assumed an intermediate digestion

time of 250mmn at 14 °C in October when the feeding rate was 0.07

(Khulman, 1977, reported a a digestion time of between 200 and 300

min. at 15 °C), and calculated that if only half of the population

were cannibals the 5 setosa population would be reduced by 50% in

4 days. He commented on the possiblity that cannibalism could be in

part responsible for the sharp decrease of this species in autumm as

recorded in his previous reports (Oresland, 1983, 1985). In the

present work cannibalism was observed to have a higher occurrence

in 5 elegans than in 5 setosa. The different results from those

of Oresland above is probably related to density (org/m 3 ) of both

species in the area studied at the time when food availability was

low; 5 setosa in February 1986 and January, 1987, was low in

abundance (see tables 9 and 15). Pearre (1982) predicted that "if

cheatognath prey are selected randomly, constantly or with a

linearly size-dependant bias the proportion of cheatognaths in the

diet should increase as some exponential function of predator size

and as the logarithm of the abundance", which means that a certain

degree of crowding is needed for the cannibalism to occur.
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8.3.

Digestion time.

It is generally agreed that digestion time is temperature dependant,

i.e. the higher the temperature the shorter the digestion time.

However, Canino (1981) (cited in Feigenbaum and Mans, 1984)

compared digestion times for 5 tenui:5 at 21 °C and 25 °C and did

not find them significantly different. Also, it has to be taken into

account that most of the experimental reports have been carried out

with copepods as prey, possibly because copepods are the most

common prey found when making gut content analysis from nature

(Khulman, 1977; Nagasawa, 1984, 1985; Oresland, 1987; see also

review by Feigenbaum and Mans, 1984). Furthermore, digestion

times vary even within the same type of food organism, e.g.

copepods. Nagasawa (1985) found that Sag/Eta crassa had different

digestion times when fed with three species of copepods, namely

Olthona aruensts , Acart clausi and Tigrlopus japanicus

digestion time increasing in that order. Nagasawa (1985) attributed

these diffferences to the thickness of the exoskeleton of the prey,

particularly for T jaoanicus. At the present there are no digestion

times available for small "soft" prey, such as rotifers, which can be

a times important in the diet of the chaetognaths ( Pearre, 1981),

nor for other organisms such as tintinnids, dinoflagellates or

appendicularians. Also in most of the literature (see review by

Feigenbaum and Mans, 1984), digestion time estimates have been

calculated assuming that predators have consumed only one prey at

a time. This is an obvious error in assessing the feeding rates of

the animals in natural conditions. Reeve (1980) and Canino (1981)

pointed out that multiple prey will usually increase digestion time
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and will make it even more variable. In this respect it has to be

noted that multiple prey does not necessarily refer to the same type

of prey, e.g. two Pseudocalanus . In nature it often means two

distinct kinds of prey, e.g. one Acartia one Oithona, or any other

possible combination. In this same context, Reeve et 8/ (1975)

demonstrated photographically that multiple prey are wrapped in a

peritrophic membrane and are defecated as one single faecal pellet.

Even if some of the prey are poorly digested, and it should be

remembered that digestion time was defined as the time from the

ingestion of the prey until its defecation (Feigenbaum and Mans,

1984).	 Digestion time also varies according to the degree of

pigmentation of the prey, and Khulman (1977) reported longer

digestion times for heavily pigmented ones. 	 All these factors

together undoubtly affect the feeding rates of the chaetognaths,

which is used in asessing the predation impact of these animals.

8.4.

Food Containing Ratio.

The food containing ratio in planktonic chaetognaths has been found

to be higher at night and near the surface (Rakusa-Suszczewski,

1969; Nagasawa and Marumo, 1972; Pearre, 1973,1974; Sullivan,

1980; Harris et al, 1982; Szyper,1978; Oresland, 1987; this work;

see also review by Feigenbaum and Mans, 1984). Pearre (1973)

stated that " light inhibits feeding and that the state of satiation of

the animals influences its depth control mechanism (see below).

Pearre (1973) also reported a smaller difference of the FCR between

day and night samples in December than in July. He explained this

difference in his results as due to the greater light intensity in July

(ilumination in July was twice as high as in December), which
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inhibited feeding, or possibly due to the longer days which provided

more time for digesting the prey captured at night.

Although attempts have been made to correlate feeding in nature

with prey availability, they have been unsuccesful (Feigenbaum and

Mans, 1984), and two possible reasons have been offered for these

findings:

1) Chaetognaths do not necessarily feed at the depth they were

caught (Pearre, 1973).

2) The difficulty of estimating, with a net tow, the actual

availability of prey on a scale relevant to the predator ( Sullivan,

1980).

Pearre (1973) in his study of the vertical migration of 5agitta

elegans proposed that this species migrated in darkness or low

light intensities to upper waters for hunting, and that after

satiation they swam downwards, resulting in the removal of the

feeders from the surface waters. He also mentioned that " in

seasons and latitudes such that the dark period was longer than the

digestive period some of the early feeders might return to the

surface to hunt a second time". Thus although prey availability is

higher during summer the feeding period is shorter because days at

that season are longer; in winter, however, the scarcity of available

food is partly overweighed by predators having longer hunting time.

Sullivan (1980) could not find a relationship between feeding rate

and prey density for 5 elegans She, however, reported this relation

to exist for Eukronhia /23Mata in the upper layers where a high

abundance of prey was recorded. In this work the feeding rates did

not show a regular pattern in relation to the abundance of plankton.
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8 .5.

Feeding eHperiments.

Results on prey selection agree to a great extent with the gut

content analyses from the field, and all prey offered were eaten in

high percentages. They also showed that remora was the prey least

consumed and, as mentioned in the discussion above this could be

due to the swarming behaviour of the species, It also should be

noted that, although most of the experiments were carried out with

small prey, and consequently the body-width of the prey was

narrower, the predator size was also small.

In the laboratory, Centropages together with Olt/201U were the prey

most eaten. In the field Oithona was well represented in the gut

content analyses, while Centropages was less consistent. The

reason appears to be related to the more irregular abundance of this

calanoid copepod. As for 0/thona , the results from the laboratory

suggest that the species was probably underestimated in the field

samples, as digestion time (gut clearence) depends also to a certain

extent on the nature of the prey. Nagasawa (1985) showed that

digestion time for 0/thona was shorter than for two other copepod

species with thicker exoskeletons (Acartia and Tigriopus ).

Appendicularians were also eaten to a certain extent, Unfortunately

not many experiments were made because the animals are damaged

very easily with the handling of the samples. This handling could

also have stressed them to the extent of affecting their motility

while the experiments were in progress. Feigenbaum and Reeve
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(1977) and Feigenbaum and Mans (1984) reported that chaetognaths

fed only on motile prey. Khulman (1977), when examining the

predation on fish eggs and larvae, arrived at the conclusion that fish

fry contributed only very low percentages to the diet of S. elegan.5

due to their immobility.

Concerning the daily feeding experiments, it is noticeable that high

concentrations of prey are required to induce chaetognaths to feed.

Feigenbaum and Mans (1984) reported that " the critical densities

(for the sagittas to feed) lie far above the range of densities in

nature ". Reeve (1980) found that chaetognaths appear to attain

satiation and maximum ingestion rates even at modest prey

densities in nature. Results from the present work show that

predation increases with increasing prey concentration (see

experiments 1 to 11). However, when prey concentration was

sharply increased (experiments 12 to 17), the predation rate became

irregular. Reeve (1964, 1980) reported similar results and

mentioned that above a certain prey density (he called this "critical

density") the predators attained satiation and showed evidence of

feeding inhibition. He concluded that chaetognaths are not

superfluous feeders, and he found the critical density to be about

60,000 organisms per m 3 for S &Vegans.

In this study the critical density was found to be at about 100

organism per liter (100,000 per m3) . However, Reeve (1980)

reported a higher digestion time for older predators and his

specimens were up to 16mm length, while in this work specimens
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rarely attained 15 mm. Reeve (1980) also noted a possible lower

threshold and cited that " below 10,000 food items/m 3 chaetognaths

were unable to obtain 1% of their specific daily ration". No lower

threshold was found in this study as the minimum concentration

of prey offered was 10 organisms per liter (10,000 per m3).

It is to be noted that the numbers of prey eaten per day in laboratory

conditions are higher than those reported from the gut content

analyses from nature. At present the maximum reported feeding

rate of 5 e/egans under experimental conditions is 4 prey per day

(Reeve, 1980, see also review by Feigenbaum and Mans, 1984).

However, unpublished reports from Sullivan (cited in Reeve, 1980),

found that 5 e/egans would consume at least 8 prey per day in large

enclosures (CEPEX) with a plankton concentration of about 10,000

org/m3.
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9.0.

Conclusions.

9.1.

Plankton.

1.- Plankton density (org./m 3 ) was found to be low from winter to

early spring. Summer was the season with higher plankton

production, gradually decreasing to late autumm.

2.- Copepods were usually the most abundant planktonic organisms

throughout the year.

Populations of the chaetognaths.

Segitts elegem.

3.- Sagitta elegans overtwintered mainly as stage I I.

4.- The length of the species ranged from 1.2mm to 23mm length,

5.- The spawning of the species started in spring (April-May) and

continued until about the end of the summer.

6.- The animals die after spawning and spawners (stage II I) were

usually not recorded by September.
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7.- 5 &Wens was found to be more abundant in summer than at any

other time of the year.

8.- The species shows a typical vertical migration: i.e. specimens

are more or less evenly distributed in the water column at night but

they are scarce near the surface by day. Newly hatched specimens

showed minimal migratory behaviour,

9.- It is proposed that : 5 (Vegans migrate downwards mainly to

avoid predation by visual hunters. Undigested food increases

visibility as does the development of gonads in older specimens.

Large specimens are the strongest migrators. Small specimens

possibly do not migrate because of inneficient swimming or due to

the high cost of energy in terms of metabolism.

10.- 5 elegans has a one year life-cycle in the Irish Sea.

Segitte setase,

IL- Sag/tta setosa overwintered mainly as gonadic stage I, with an

important percentage of stage II which varies from year to year.

12.- The size of the species ranged from 2.0 to 16.8 mm length.

13.- The spawning of the species probably starts in early summer

and continues until the end of the autumm,
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14.- The animals die after spawning and large animals in stage III

are not caught by the end of the winter.

15.- Although the data from this work are not fully conclusive, it is

proposed that this species also has a one year life-cycle. The

findings of Pierce (1941) of two generations produced annually by

the animals in the Irish Sea, are not accepted.

9.1

Feeding.

16.- Copepods were the main prey eaten by the sagittas.

17.- Other plankters such as cirriped larvae, appendicularians and

dinoflagellates or tintinnids also contributed substantially to the

diet of both species.

18.- Predation of fish eggs and larvae was found to be negligible.

19.- 5agitta elegans fed on larger plankters than 5agitta setosa.

However, feeding of both species overlapped to a great extent.

20.- Pseudocalanus was the main prey eaten by 5 elegan while for

5 setosa the main items found were Olthona and appendicularians.

21.- Both species included in their diet small items such as

tintinnids and dinoflagellates, but these prey were usually eaten

only by the smaller predators.
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22.- The presence of diatoms ( Coscinodfscus) in the gut of 5 setos

is thought to be accidental.

23.- Both species showed a higher predation rate at night,

particularly near the surface. Samples from near bottom also

evidenced feeding, but it was usually lower.

24.- Larger predators had a higher Food Containing Ratio than

smaller predators.

25.- Most of the animals were usually found with a single prey

specimen in the gut, however, multiple prey was also found. The

highest number of prey in a single predator was 9 (5tenosomella) in

5 setosa.

26.- The Feeding Rate for 5 elegans was found to lie between 0.75

to 3.55 prey consumed per day. 5 Set053 had a Feeding Rate of 1.38

to 5.35 prey per day.

27.- Assuming a feeeding rate average of 2 prey per day for 5

elegans and a maximum abundance of 40 org./m 3, the predation

impact of the species is minimal. Although 5 setosa , has higher

feeding rates, its impact is even less, as the species was recorded

in the area only for about 6 months of the year and its abundance

was lower. In some years, however, 5 setosa can reach much

greater concentrations than those recorded in the present work.
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28.- At station 2, the food Containing Ratio was usually higher from

the samples collected at midwater.

29.- "Cannibalism " was found to occur at winter in both species. 5

elegans was more cannibalistic than 5 setosa.

9.4.

Feeding enperiments .

30.- Feeding experiments showed a high predation for most of the

items offered (Centropages, Pseudoca/anus, 0/Mona, male or

copepodite stages of Acartia). The lowest predation was found for

Tern era

31.- It was found that 5 elegans increased predation with

increasing prey concentration. However, when food density reached

100 org./Litre (critical density), the predation rate became

irregular.

32,- The prey consumption in laboratory conditions ranged from 1.3

to 9 prey per day.
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