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Introduction

Anthropocommensal or synanthropic (hereafter “commen-
sal”) rodents live in close proximity to humans. The most 

important commensal species are the house mouse (Mus 
musculus Linnaeus, 1758), the Norway or brown rat (Rat-
tus norvegicus [Berkenhout, 1769]), and the black or roof 
rat (R. rattus [Linnaeus, 1758]). In many parts of the world, 
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Abstract

Anthropocommensal rodents live in close proximity to humans in many habitats around the world. They are a 
threat to public health because of the pathogens they carry. Recent studies in Mérida, Yucatán, México, have 
shown that commensal rodents harbor potential zoonotic pathogens such as bacteria, helminths, and viruses. 
In this study, we describe reproductive and demographic parameters of house mice and black rats present in 
households from Mérida, Yucatán, México, a municipality located in a tropical region in southern México. Ro-
dents were trapped in 142 households within the municipality of Mérida from 2011 to 2014. A total of 832 ro-
dents were trapped, constituting 556 (66.8%) house mice (Mus musculus) and 276 (33.2%) black rats (Rattus 
rattus). The sex ratio in mice was different than parity, while in rats it was 1:1. Mice in the weight class 8.1–12 
g were most abundant in both females (52.9%) and males (57.2%). On the other hand, rats weighing ≤ 40 g 
(25% of females and 28.6% of males) were most abundant. The percentage of pregnancy in mice was 46.7%, 
whereas in rats it was 21.3%. The mean number of embryos was 4.7 and 5.8 in mice and rats, respectively. This 
study provides relevant demographic information on the ecology of commensal rodents from a tropical region 
of Latin America. We consider that our findings could be useful as a first step toward understanding the eco-
logical behavior of rodent populations in tropical regions.
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they are introduced species that show great adaptability 
to human-altered environments (Vadell et al., 2014). In ur-
ban and rural areas, commensal rodents abound in habi-
tats where accumulated human garbage and favorable ar-
eas to build nests are plentiful. In residential areas, rodents 
are abundant in households with factors such as structural 
deficiencies, the presence of pets or livestock, lack of sani-
tation, and/or proximity to vacant lots (Langton et al., 2001; 
de Masi et al., 2009).

The house mouse and black rat are two commensal spe-
cies that cause damage to native flora and fauna, economic 
losses to industries and households, and a threat to public 
health because of the pathogens they carry (Clapperton, 
2006; Battersby et al., 2008). In relation to public health, re-
cent studies in Mérida, Yucatán, México have reported po-
tential zoonotic pathogens such as Leptospira spp. (Torres-
Castro et al., 2014), helminths (Panti-May et al., 2015), and 
flavivirus (Cigarroa-Toledo et al., 2016) in commensal ro-
dents. However, studies on rodent populations are scarce 
in México and especially in tropical regions of Latin Amer-
ica compared to the vast information available from tem-
perate populations. Moreover, like other rodent species 
that inhabit both tropical and temperate regions, popula-
tion characteristics such as juvenile percentage, pregnancy 
rate, and weight can contrast from data described in tem-
perate habitats (Porter et al., 2015). Ecological studies are 
critical to determine the dynamics of pathogen transmis-
sion within rodent populations, the risk of transmission to 
humans, and areas at high risk of transmission. The objec-
tive of this study was to describe reproductive and demo-
graphic parameters of commensal house mice and black 
rats present in households from Mérida, Yucatán, México, a 
municipality located in a tropical region in southern México.

Methods

This study was carried out in Mérida, the most populous 
municipality of Yucatán, México, with more than 830,732 
inhabitants (Instituto Nacional de Estadística y Geografía, 
2010). The regional climate is warm and subhumid, with an 
average annual temperature of 26°C and an average an-
nual rainfall of 1100 mm (Instituto Nacional de Estadística 
y Geografía, 2015).

Intensive rodent trapping was carried out in 109 house-
holds of low socioeconomic status from 3 localities of the 
south of Mérida during a six-month period: 32 households 
in San José Tecoh and 34 households in Plan de Ayala Sur 
from May to October 2013, and 43 households in Mo-
las from November 2013 to April 2014. Additionally, data 
from nonintensive trapping from November 2011 to No-
vember 2013 in 33 households within the Mérida city were 

included. In each household, 6–8 Sherman traps (8 × 9 × 23 
cm; HB Sherman Traps, Inc., Tallahassee, Florida, USA) were 
set for three consecutive nights. Traps were baited with a 
mixture of oatmeal and vanilla essence and were distrib-
uted in the house and backyard close to signs of rodent ac-
tivity or potential sources of food and/or harborage.

Field and laboratory rodent procedures were carried out 
following the guidelines of the American Society of Mam-
malogists for the use of wild mammals in research (Sikes et 
al., 2011), the guidelines of the American Veterinary Med-
ical Association for the euthanasia of animals (Leary et al., 
2013), and national specifications (SAGARPA NOM-062-
ZOO-1999). The rodent capture operation was conducted 
under license from the Mexican Ministry of Environment 
(SGPA/DGVS/02528/13).

After euthanasia, the species, sex, weight, and site of cap-
ture were recorded. Females were classified as mature if the 
vagina was open or if the specimen was pregnant (by visi-
ble embryos) or had evidence of lactation (by the presence 
of milk); males were so classified if they had scrotal testicles.

To determine whether the sex ratio varied from 1:1, a 
chi-square test with the Yates correction was used (Zar, 
1996). Welch’s two-sample t-test was used to compare the 
weight between sexes. Additionally, the weight of each ro-
dent was classified in weight classes (mice in one of seven 
4-g classes and rats in one of seven 20-g classes) to deter-
mine whether the cumulative proportion of each class dif-
fered between sexes using the two-sample Kolmogorov-
Smirnov test (Sheskin, 2004).

Results

A total of 832 commensal rodents were trapped, compris-
ing 556 (66.8%) house mice (Mus musculus) and 276 (33.2%) 
black rats (Rattus rattus). Inside dwellings, 51.9% (319/615) 
of rodents were trapped in areas such as the kitchen (44.7%), 
storage for domestic appliances (18.8%), and bedrooms 
(14.1%). In backyards, 48.1% (296/615) of rodents were fre-
quently trapped next to henhouses (46.7%); in areas with 
vegetative coverage such as weeds, herbs, or vegetable gar-
dens (11.4%); and alongside walls or fences (10.9%).

Two hundred forty-five mice were females and 311 
males, significantly different from parity (χ2 = 7.83, P < 
0.01). The mean weight of nonpregnant females (n = 189) 
of 10.7 g (SE = 0.2 g) was not significantly different from 
the 10.8 g (SE = 0.2 g) of males (t = –0.17, P = 0.86). The 
mean weight of pregnant females was 14.1 g (SE = 0.4). 
Mice in the weight class 8.1–12 g were most abundant in 
both nonpregnant females (52.9%) and males (57.2%). The 
distribution of weight classes was not different between 
sexes (D = 0.04, P = 0.99; Figure 1). Maturity was recorded 
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in 77.6% (232/299) of males and 47.8% (120/241) of fe-
males. Of mature females (120), 56 (46.7%) were pregnant 
and 23 (19.2%) lactating. The mean number of embryos per 
female was 4.7 (range = 2–9; Figure 2). All pregnant or lac-
tating females weighed > 8 g.

Among rats, 143 were females and 133 males, not signif-
icantly different from parity (χ2 = 0.23, P = 0.23). The mean 
weight of nonpregnant females (n = 126) of 65.5 g (SE = 2.6 
g) was not statistically different from the 72.2 g (SE = 3.1 g) 
of males (t = 1.61, P = 0.11). The mean weight of pregnant 

Figure 1. Comparison of weight classes for nonpregnant female (n = 189) and male (n = 311) house mice (Mus musculus) from 
Mérida, Yucatán, México. White bars represent females and black bars males.

Figure 2. Distribution of embryos among female mice (Mus musculus) (n = 54) and rats (Rattus rattus) (n = 14). Black bars repre-
sent mice, white bars rats, and the arrows indicate the mean number embryos for mice and rats.
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females was 103.3 g (SE = 4.4 g). Rats in the weight class 
≤ 40 g (25% of females and 28.6% of males) were most 
abundant. There was no significant difference in the weight 
structure between sexes (D = 0.13, P = 0.18; Figure 3). Ma-
turity was recorded in 66.7% (86/129) of males and 56.7% 
(80/141) of females. Of mature females, 17 (21.3%) were 
pregnant and 14 (17.5%) lactating. The mean number of 
embryos per female was 5.8 (range = 3–8; Figure 2). All 
pregnant or lactating females weighed > 66 g.

Discussion

The adjustment of the sex ratio of offspring is a facultative 
capacity of polygynous species (Trivers and Willard, 1973). 
Laboratory studies have shown that maternal nutrition can 
affect the sex ratio and viability of litters (Rosenfeld and 
Roberts, 2004). In rodents, a sex ratio of 1:1 has been re-
ported when food is nutritionally balanced and ad libitum, 
whereas under deficient or restricted diets females produce 
a male-biased sex ratio (Wright et al., 1988; Rosenfeld and 
Roberts, 2004). Field studies have shown that sex ratio can 
vary in relation to different habitats, seasons, or human dis-
turbances that offer plentiful food resources (Smith, 1954; 
Brown, 1963; Gomez et al., 2008; Panti-May et al., 2012). Al-
though the urban environment offers a moderately stable 
habitat for commensal rodents, the food supply in sam-
pled households may not be superabundant or nutritionally 

balanced, favoring a male-biased sex ratio in mice. In con-
trast to house mice that eat any accessible human food, 
black rats preferentially consume fruits, seeds, and insects 
even in the presence of human food or garbage (Battersby 
et al., 2008; Feng and Himsworth, 2014), suggesting that 
rats could have an adequate diet. However, other factors—
such as juvenile mortality, inbreeding, or population den-
sity—could contribute to this result (Clutton-Brock and Ia-
son, 1986).

In this study, we found that Mérida rodents had high re-
productive rates. In general, Mérida rodents showed simi-
lar reproductive characteristics to that of temperate rodents 
(Davis, 1947; Storer and Davis, 1953; Smith, 1954; Brown, 
1963; Vadell et al., 2010). For instance, in Mississippi, USA, 
Smith (1954) reported in house mice a mean number of 
embryos of 4.8 and a percentage of pregnancy of 46.8%. In 
San Francisco, USA, Storer and Davis (1953) found a mean 
number of embryos of 7.1 and a percentage of pregnancy 
of 20.4% in black rats. In contrast, Mérida rodents appear 
to be lighter than their temperate counterparts. In Mary-
land, USA, 28% of mice captured on a horse farm weighed 
≤ 12 g (Brown, 1963), a greater difference compared to 
> 50% from our study. Heavy black rats (> 140 g) were 
rarely trapped in Mérida (1%), whereas in San Francisco 
they were abundant (35%) (Storer and Davis, 1956). Some 
studies have shown that island house mice and urban Nor-
way rats from tropical regions are smaller in size compared 

Figure 3. Comparison of weight classes for nonpregnant female (n = 126) and male (n = 133) black rats (Rattus rattus) from 
Mérida, Yucatán, México. White bars represent females and black bars males.
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to those from temperate regions (Berry and Scriven, 2005; 
Porter et al., 2015). It has been suggested that this differ-
ence could be a result of an adaptive adjustment, particu-
larly in the absence of predators (Berry and Scriven, 2005).

House mice and black rats live commensally with hu-
mans in a wide variety of habitats around the world (Berry, 
1981). However, in Latin America, knowledge about the 
ecology of commensal populations is limited compared 
to what is understood in temperate regions (Smith, 1954; 
Brown, 1963; Gomez et al., 2008; Vadell et al., 2010; León 
et al., 2013). This study provides relevant demographic in-
formation for understanding the ecology of commensal 
rodents from a municipality located in a tropical region in 
Latin America. We consider that our findings could be use-
ful as a first step toward understanding the ecological be-
havior of rodent populations in tropical regions.
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