Using Rhodamine B to Assess the Movement of Small Mammals in an Urban Slum  
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Abstract: 

Small mammals, especially rats, are pest species that are present in cities worldwide. The rat moves around and into residences and other anthropogenic structures. It is especially ubiquitous in urban slums and a threat to infrastructure and public health due to the pathogens it carries and transmits. , Effective control of rat populations in most urban areas has been unsuccessful, despite several rodent control efforts. Limited information about rat movement distance has hindered identification of control units and effective scales at which to enact control during interventions. Here, we evaluated the suitability of Rhodamine-B, a non-toxic biomarker, for assessing the distance travelled by rats in urban slum. We tracked rats over two campaigns between 2019 and 2020. Overall, 27.9% of trapped rats showed signs of Rhodamine-B in their whiskers under fluorescence microscope. This shows that our method provides a viable, cheaper and safer alternative for investigating the movement of small mammals in urban slums. We found that rats move up to 90m distance in urban slums, with younger rats travelling more actively than older rats. Information obtained from this study should be useful in guiding efficient rodent control initiatives to reduce the risk of household rodent infestation and rodent-borne disease in urban slums.
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Introduction

Many species of small mammals, especially rats, the brown or Norway rat (Rattus norvegicus), the roof rat (Rattus rattus), and the house mouse (Mus musculus), are considered to be the most serious pest species in residential, industrial, and agricultural contexts accounting for losses worth billions of dollars (Morand et al., 2015; Costa et al., 2014a; Pimentel et al., Battersby et al., 2008; 2005; Childs et al., 1991). Likewise, rats serve as reservoirs of important zoonotic diseases, that is, infectious diseases that are transmitted between species from animals to humans or vice versa, for example leptospirosis, Seoul hantavirus, toxoplasmosis and capillariasis (Panti-May et al., 2016; Battersby 2015; Costa et al., 2014a; Himsworth et al., 2013; Singleton et al., 2003).  
Rat sightings or populations can reach high densities where shelter, food and water are available (Awoniyi et al., 2021; Panti-May et al., 2016), and rats are ubiquitous in urban slums where conditions, including poor trash collection, open sewers, and standing water provide resources and harborage (Himsworth et al., 2013; Riley et al., 2007). Therefore, given the expected projection in global urbanization from the 751 million urban dwellers recorded in 1950 to about 6.7 billion by 2050 (United Nations, 2018), it is probable that the inadequate environmental conditions in urban slums will worsen over time thereby resulting in rat proliferation and their dispersal among households and peridomicilliary areas . Additionally, it is estimated that about 3 billion people will either reside in slums or informal settlements by 2030 (United Nations SDG 2018), thereby increasing human-rat contact (Himsworth et al., 2013; Riley et al., 2007). 
Rats show different movement patterns between urban and rural or natural areas (Byers et al.; 2019). For example, studies have shown that rodents in urban areas travel shorter distances than their non-urban counterparts (Byers et al., 2019; Himsworth et al., 2013). Several factors such as resource availability, predators, social structure, habitat and human disturbances have been shown to influence rat population density, migration pattern, and home range size (Costa et al., 2014b; Nathan et al., 2008). Furthermore, there are several studies on the movement of the rat and its home range in non-urban settings (Monadjem et al., 2011; Traweger et al., 2006; Brown et al., 2001; Lindsey et al., 1999; Taylor & Quy 1973), but little is known about rat movement in urban areas (Himsworth et al., 2013; Mohr et al., 2007; Meehan 1984). For example, rats have been reported to travel from tens of meters in the course of a single night and on rare occasions up to a kilometer in rural or sylvan areas (Taylor & Quy 1973). However, in urban settings, movement seems to be restricted. Meehan (1984) reported that rats only travel between 3-10m in an urban setting when food, water and harbourage are available. The abundance and/or density of resources, as well as physical barriers such as streets and other open areas, are some of the main factors known to affect area fidelity and extension of the movement of small mammals (Feng and Himsworth, 2014). 
A wide array of techniques have been used to study the movement of rats in urban settings, employing both direct (e.g., capture-mark-recapture using tags or passive integrated transponders (PIT), GPS, telemetry) and indirect measurement (e.g., track marks, genetic distance, bait consumption) methods (Byers et al., 2019), each presenting different trade-offs between precision, information gathered and intensity of work. Most studies on rat movement in urban areas have been conducted in developed countries in North America (e.g., Parsons et al., 2015), Europe (e.g., Traweger and Slotta-Bachmayr, 2005) and Japan (Byers et al., 2019; Tanaka and Kawashima, 1951), with little attention to the southern hemisphere, and one single study making multiple comparisons between northern and southern hemisphere sites (Combs et al., 2018). For example Brazil, despite accounting for most of the studies performed in the southern hemisphere, has used only indirect methods, i.e. track plates and genetic microsatellites (Hacker et al., 2016; Richardson et al., 2017), of which only microsatellite techniques allow a proxy for distances to be estimated through genetic structure and spatialized captures.
Therefore, the need for adequate information on the dispersal distances, home range and other rat movement patterns common in urban slums of the developing tropical nations is urgent, as a part of the ecological data necessary for efficient pest control plans (Zeppelini et al., 2020), allowing effective delimitation of priority areas that require treatment or intervention of migrant recolonization. However, most of the previous techniques applied to estimate rodent dispersal are unsuitable in urban slums due to the lack of regular city blocks in slums, which can hinder the ability to install an effective PIT sensor network as well as the difficulty in tracking animals either by following marks or telemetry, while GPS techniques might suffer from signal issues due to terrain and constructions (Byers et al., 2019). The high costs of remote sensing equipment, high labor demand and the presence of social barriers to the movement of teams in following the devices’ signal due to crime and/or suspicion from local inhabitants necessitate the need for a cheap, easy to deploy and reliable technique to make studies viable at the heart of high-limitation scenarios.
Here, we examined the suitability of using Rhodamine B (RB) as an alternative to the aforementioned methods in tracking the movement of rats within households and peridomicilliary areas in an urban slum over two campaigns. RB is a non-toxic dye (biomarker) that has already been tested and shown to be effective in measuring the spatial distribution and movement of small mammals and other mammals like the wild pig (Monadjem et al., 2011; Mohr et al., 2007). Once ingested in non-lethal quantities, it is incorporated into the keratinous structures of animals (bones, hair and teeth) where it is detectable as a fluorescent band for about four and half months after ingestion under fluorescence microscopy (Jacob et al., 2002; Fichet-Calvet 1999). We hypothesized that (i) rats will accept  an RB plus conventional bait mixture after two days pre-baiting (non-dyed), (ii) RB will offer an effective alternative for evaluating rat movement even in complex urban terrains, and (iii) numbers of rats with signs of RB will decrease away from the bait station (buffer zone).  
Materials and methods
Study Area
The study was performed in Pau da Lima, (13°32′53·47″ S; 38°43′51·10″ W) a slum community located in the city of Salvador (BA, Brazil), with an estimated area of 0.17km2 and a population of about 128,997 (IBGE, 2010). The area is characterized by its strong altitudinal gradient, low socioeconomic status of the residents (mean per capita daily household income of less than or equal to USD 1.30 (at 2014 exchange rates) (Costa et al., 2014b), and inadequate sanitation and trash collection (Reis et al. 2008). Pau da Lima was chosen for this study because of previous research and its history of high rat abundance all year round (Panti-May et al., 2016). 
Study design
Rhodamine B (RB) preparation 

A concentration of 0.2% (2g) of RB (Sigma-Aldrich) was mixed into 1kg of conventional bait (Peanut butter, hotdog and Maize bran) as previously described by Monadjem et al., (2011) and Mohr et al., (2007). This concentration has been reported to be non-lethal and detectable (fluorescence) for several weeks in mouse whiskers under UV microscopy (Willekens 2003). 

Pre-baiting 

To avoid neophobia and increase trapping success, a non-dyed pre-baiting was carried out to familiarize the rats with the conventional bait (Gurnell 1980). We placed non-dyed bait in the central bait station in addition to four other identified points with active rat signs within a selected buffer zone of 10m circumference (Fig. 1) for two successive days, this being a period that has been shown to be sufficient in acclimatizing rats to new baits (Weerakoon et al., 2013). This occurred for 01/10/2019 – 02/10/2019 for Campaign 1 (C1) and 13/10/2020 – 14/10/2020 for C2 respectively. Each bait station was re-baited every day and checked for signs of consumption.
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Fig. 1. Distribution pattern of the snap traps at distance 15, 30, 60 and 90m away from the central bait station within the valley
RB baiting
Following the period of non-dyed pre-baiting, the dyed baits were placed for three consecutive days i.e. (03/10/2019 – 05/10/2019 for C1 and 15/10/2020 – 17/10/2020 for C2) at the same bait stations used for the non-dyed pre-baiting, and rebaited daily. We did not measure the daily bait consumption, since lizards and dogs can access the bait stations. Also, we placed a total surplus bait mixture of 2.4kg in small portions at the bait stations (buffer zone) to offset any effect of bait consumption by the non-target species.
Animal Trapping and sample collection
As shown in figure 2, given that RB dye has been reported to be more detectable in the whiskers of rats between four to twenty-two weeks post RB consumption (Tolkachev 2019; Fichet-Calvet 1999), five weeks after the RB baiting, we slightly modified the method previously described by Woodman et al., (1996), to trap rats using Victor® mouse snap trap over the two campaigns. Briefly, depending on size of the peri-domestic space (size of the backyard), we placed between 3-5 sausage baited (mainly peanut butter bait, plus locally purchased hotdog) Victor snap traps at each sampling point per day. Traps were positioned at points 15, 30, 60 and 90m [Fig. 1])from the central bait station for four consecutive nights, with no trapping done within the buffer zone since the idea of the experiment is to examine how far rats travel away from the buffer zone. Rodent trapping in C1 occurred between 13/11/2019 - 16/11/2019, and C2 between 24/11/2020 - 27/11/2020. We trapped rats up to 60m distant from the baoy station for the first campaign (C1) and up to 90m for the second campaign (C2). Snap traps were activated at dusk and checked the following morning. In addition to residents’ recommendation of suitable trapping sites, where possible, traps were placed along rodent runs or burrows, close to walls, near rodent droppings, open sewer or garbage points within or outside households. Captured animals were weighed, sexed, labelled and transported to the laboratory in plastic bags for whisker sample collection. All animal handling procedures and methods were observed according to the protocol described by Mills et al., (1995). 
We estimated trap success using a method previously described by Cavia et al., (2012). Briefly, we multiplied the total number of trapped rats by 100 and divided it by the total number of trapping efforts minus half the total number of traps with blood/fur or non-target species. Stolen and damaged traps were excluded from the calculation. Although we were limited in statistical inference due to our small sample size, we used Fishers test for small samples to check the relationship between RB positive male and female rats. The analysis was performed in R 4.0.0 version (R Core Team, 2019).  
At least six whiskers were collected from each animal for microscopic examination, and were stored separately in an Eppendorf tube and kept in a refrigerator until further analysis. 
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Fig. 2. Step by step pictogram of the field protocol

Examination of Whiskers
We used the protocol previously validated by Fisher (1999) to prepare the whiskers for microscopic examination. Briefly, we rinsed whiskers in a beaker containing 70% ethanol for at least 2mins. Immediately after this we placed the whiskers in distilled water for 3mins and replaced/washed beakers between samples. Rinsed whiskers were air-dried at room temperature for at least 24hrs. After this, we placed at least two whiskers on a glass slide with a drop of fluoromount and covered it with a cover slide. Mounted hairs were allowed to dry at room temperature for at least 3 days before examination under a fluorescence microscope (Nikon Ds-Q12) with low magnification (40x) for RB fluorescent signs. 
Ethical statement
This study was conducted in accordance with the Brazilian laws regarding ethics in research. The Ethics Committee on the Use of Animals in Research (CEUA) of the Institute of Biology, Federal University of Bahia, Salvador, Brazil gave the approval and permission to conduct research on rats with Project Number: 05/2018. 
Results 

The total trapping effort was 438 trap nights over the course of the two campaigns (220 for C1 and 218 for C2). Out of this, 43 traps (29 for C1, and 14 for C2) were either lost or damaged, thus leaving us with a total effort of 395 (191 for C1 and 204 for C2) effective trap nights (Table 1). In total, we captured 43 rats (25 for C1 and 18 for C2). Among the captured animals, Norway rats (R. norvegicus) were the principal species (40 individuals, 93%), followed by Mus musculus (2 individuals, 4.7%), while one individual (2.3%) was badly eaten by ants beyond identification (data not shown). Overall, we recorded a trapping success of 11.2%.
Table 1: Total trapping efforts and trapped rats with signs of RB by distance and campaign

	Campaign one (C1)

	Distance
(m)
	Trapping effort
	No of rats captured
	No of rats with RB signs
	% of rats with RB signs

	15
	69
	6
	3
	50 %

	30
	71
	5
	1
	20 %

	60
	51
	14
	4
	29 %

	Total
	191
	25
	8
	32 %

	Campaign two (C2)

	15
	53
	3
	
	0 %

	30
	66
	4
	1
	25 %

	60
	65
	3
	
	0 %

	90
	20
	8
	3
	37.5%

	Total
	204
	18
	4
	22.2 %

	Grand Total
	395
	43
	12
	27.9%


Rats were captured at all trapping distances. Among the captured rats, 12 of 43 (27.9%) showed signs of RB fluorescent marking in their whiskers under the fluorescence microscope.However, none of the rats showed any external signs of RB in their fur. All the 12 positive rats showed at least one distinctive glowing orange-red fluorescent band (Fig. 3) in at least two of the examined whiskers. Contrary to our hypothesis, there was no reduction in the number of positive rats away from the central bait station (buffer zone), with 90m distance unexpectedly recording the maximum percentage of rats with signs of RB (37.5%), followed by 15m distance (33.3%), while at 30 and 60m, 22.2% & 23.5% showed signs of RB in their whiskers, respectively.
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Fig. 3. Positive whiskers as seen under the microscope at 200µm scale (a) RB florescent marks in the stem of the whisker (b) RB fluorescent marks at the base of the whisker 
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Fig. 4. Distance of RB positive rats by individual weight and sex  

We recorded a non-significant (P = 0.20) higher percentage of male rats (58.3%) with signs of RB in their whiskers than female rats (41.7%) (Fig. 4). Nevertheless, the weight of rats was similar at 15m and 60m distances, although a higher number of male rats were captured at 60m distance (3 of 4, 75%). Even though we could not statistically make inference due to our small sample size, it does appear that younger male rats (≤ 220g) travel more actively from the central bait station than older male rats.
Discussion 
We have evaluated, for the first time according to our knowledge, the movement of rats in an urban slum using Rhodamine B.  The 27.9% overall RB positive individuals recorded in this study corroborate our hypotheses and indicate the acceptability of RB-dyed bait mixture by rats after at least two days of non-dyed pre-baiting. This also shows that our method provides a potential effective, cheap and safe alternative for investigating the movement of small mammals in complex slum environments. This alternative is important because it does not require methods that raise the ethical quandary of reintroducing potentially infected rats into the environment without a guarantee of recapture. It is also free of signal problems that GPS techniques used by other methods might suffer in slum settings due to terrain or constructions difficulties (Byers et al., 2019). Further, this method is also applicable in urban non-slum, rural and natural environments, where understanding of small mammal movement ecology is desirable to aid effective control or eradication in an attempt to limit the economic and health lost associated with rodents. Additionally, while rat populations have been established to fluctuate over time or to recover swiftly after population depletion, the overall higher number of rats captured in C1 might have influenced the number of rats captured in C2, since removal of animals could influence their ecology and movement pattern.   
Although we hypothesized that the number of rats with signs of RB would decrease away from the central bait station, the distribution and distance of RB positive rats were similar at all distances (Fig. 4). The 11.2% overall trapping success substantiates previous findings of high rat population abundance obtained by Panti-May et al., (2016) in the same slum environment of Salvador, Brazil. The overall 27.9% RB positive rats in our study is higher than the 12.9% recorded by Mohr et al., (2007) in Tanzania around grain stores and meat markets. Similarly, the pattern of distance travelled by rats within or around households in this study (Fig. 4) is different from results observed from previous studies in open farmland, poultry and rural environment respectively, where most RB positive animals were captured near the baiting station <25m (Marien et al., 2018; Monadjem et al., 2011; Gómez Villafañe et al., 2008). Here, most of the RB positive rats captured in our study were at the 90 & 15-meter mark.  This contrasts with the findings from Meehan (1984) who reports that rats only travel between 3-10m in an urban environment. Though we could not statistically make inference due to our small sample size, our results show that rats can travel up to 90m even in complex urban terrain such as Pau da Lima, Salvador, Brazil. Similarly, even though the lack of sampling at the buffer zone somewhat limits the assessment of trends in rat movement by age and sex, we still report that smaller male rats wander more actively than older males, as indicated by the 100% of RB positive male rats at 90m. 
While we could not statistically confirm the dissimilarity of travel distance between sex and age, the higher number of RB positive smaller male rats observed at 90m distance may be due to the non-dominant male rats trying to avoid or seeking to establish their territory away from the dominant male rats (Macdonald et al., 1999). Our finding is also in agreement with the results of studies with other small mammals such as Rattus exulans in Hawaiian rainforest (Lindsey et al., 1999) and Rattus argentiventer in a lowland rice farm in West Java Indonesia (Brown et al., 2001) where male rats were reported to travel further distance than female rats. Nonetheless, information obtained from this research will be useful in the definition of effective bait spacing during rodent pest management initiatives.    Although this study is limited to 90m distance due to the difficult terrain of our study site, further investigation on the travel distances of rats in urban slums up to the distances  of say 150-200m using the same RB techniques may reveal rat movement distances further than the ones shown here. Another limitation of our experimental setup is the inability of the type of trap used (Victor mouse snap trap) to capture other small mammals like like Cavia porcellus, Didelphis aurita, D. albiventris e.t.c. due to its size. However, the consumption of RB bait by non-target species like lizards, dogs and cats shows that this method is still viable for characterizing the movement of other small mammals in either urban or rural environment up to 200m distant, provided the right trapping device is used. In addition, the period and site of our sampling collection, that is, only one season of the year and one study location, might somewhat limit the generalizability of our result. However, our results show that RB dyed bait is acceptable by small mammals and effective for tracking rodents’ movement in both rural and urban settings. Moreover, our study could not ascertain whether the movement pattern observed in this study is part of the daily foraging exploration. However the high positivity indicates otherwise. While this method is only effective for detecting RB-positive rats for at most four and half months after ingestion of RB dyed bait (Tolkachev 2019; Jacob et al., 2002; Fichet-Calvet 1999), our results provide both new empirical information about rat movement in tropical urban settlements and a proof of efficiency of the method under tropical slum conditions. 
Conclusion 

We have used RB to illustrate the movement of rats, while showing its efficacy in a difficult urban slum terrain for the first time. Results from our study showed that this new method is easy to use, cost effective, produces fast result, is devoid of practices that raise ethical uncertainty of reintroducing potentially infected rats into the study site, free of GPS-signal difficulties associated with conventional methods, and provides a viable alternative to previous conventional methods used in investigating the movement of small mammals.. Additionally, the new ecological information provided from this study would be useful when developing future rodent control programs, such as the definition of control units and bait spacing with possible application in pest management and indirect zoonoses control. 
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