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Introduction
With 43% of its forest protected, Belize has with Costa Rica, the highest figures for forest protection in Central
America, but has at the same time, the smallest area of forest. In comparison, Mexico has by far the greatest
amount of forested area in the region, but has only 3, 9% which is protected (Iremonger, Ravilious and Quinton,
1997). In Belize, the Shipstern Nature Reserve (SNR) plays an important role representing one of the very few
protected areas in the northern lowlands (Bersot, 2001).
Belize has a subtropical climate: on a yearly cycle, the rainfall tends to vary markedly. It begins with a pronounced
dry season between the months of January and May; February and March being the driest months. And altough
wet weather often occurs in late April or May, only 10 % of the annual rainfall is received during the overall period
(Stafford and Meyer, 2000). Then, during the wet season, from June to December, rainfall increases gradually to
reach the maximum in September, following a dry spell in August. (Bersot, 2001). From south to north in Belize,
the average annual rainfall decreases considerably (Stafford and Meyer, 2000). The study area is located in the
extreme north of the country. Rainfall at Shipstern Nature Reserve (18°18N 88°9W) was measured over a period
of four years, between October 1989 and October 1993, see figure 1 (Meerman and Boomsma, 1993, in
Bijleveld, 1998). An average rainfall of 1260 mm (49 in.) suggest that this reserve is in one of the dryest areas in
Belize (Bersot, 2001).

The Shipstern Nature Reserve (SNR) is composed of a mosaic of different vegetation types. They show a high
degree of uniqueness (see study site below and C. Bijleveld 1998). The SNR has the particularity of being the
only place in Belize protecting a rare dry forest type, described only in and around the reserve, covering a small
area, the Yucatecan medium-size semi-deciduous forest. It may have existed in the north of Belize, near the
border with Mexico, but as virtually all forest has been cleared in that area, this is difficult to ascertain.
Considering this small area, it appears to be important to know more about the biodiversity of the herpetofauna
that lives this dry forest.
In contrast to the semi-evergreen forest, the most typical forests in Belize, most of the trees in the SNR lose their
leaves during the dry season in January, leaving an open milieu. Its corresponding environmental conditions can
have an influence on the herpetofauna, due to more light and leaf litter on the floor during the dry season. The
contrast with other sites which don’t have such dry environnemental conditions should be reflected by the fauna.
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The fauna of the SNR has been studied before: a small mammal inventory by Bersot (2001), the chiropterans by
Bärtschi (1998), the freshwater fishes by Bijleveld (1990), the dragonflies and damselflies by Boomsma (1993), a
bird checklist by Meerman (1993), the mammals by Meerman (1993) and a checklist of butterflies by Meerman
(1993).
Previous studies about herpetofauna in the Shipstern Nature Reserve produced a small checklist by Meerman
(1993). A key for reptiles and amphibians (Henderson & Hoevers, 1975), a guide to the reptiles of Belize (Stafford
and Meyer, the Natural History Museum) and a guide to the frogs and toads of Belize (Meyer and Foster, Krieger
Publishing) exist. A checklist is available on internet at http://www.embl-heidelberg.de/~uetz/LivingReptiles.html,
Distribution "Belize" and http://research.amnh.org/cgi-bin/herpetology/amphibia. The seasonal incidence of
tropical snakes in northerrn Belize has been studied by Henderson and Hoevers (1977). They have studied the
relation between the amount of precipitation and the snake activity.They recorded the number of snakes caught
per month during 8 years. Despite an inconsistent collecting effort, there is an apparent correlation between the
number of snakes collected and the amount of rainfall.
The aim of this study is to estimate the herpetofaunal biodiversity through quantitative analysis, to see if the
particular environnemental conditions of the SNR have influences on the herpetofauna.
We compare the SNR in terms of species richness with a wetter site in Panama called Palo Seco (dataset by
Hofer, 2001) and we compare the species composition of SNR with two other Belizian sites. The first species list
is for the district of Corozal, where the SNR is located, and the second for Toledo district, which receives, in
contrast with Corozal, the highest average rainfall in Belize. As well, this study should show, if any, some
difference in the population density throughout the duration of the wet and dry seasons and the complementarity
between the three different forest types of the SNR, one of them being the dryest type of forest in Belize.

Material and methods

Study site
The Shipstern Nature Reserve is situated in Corozal district in the extreme north of Belize, Central America. It is
the property of the International Tropical Conservation Foundation (ITCF) since 1989. The area covered by the
reserve is about 9000 hectares (22’239 acres); it encompasses part of the Shipstern Lagoon, which is connected
to the southern waters of Chetumal Bay, and in addition 600 hectares (1482 acres) in a separate surface of XoPol, to the west of the SNR.
As previously stated, in the reserve has different types of forest as described by Bijleveld (1998). One of the most
typical forests of Belize is the Yucatecan medium-sized semi-evergreen forest. In the past this forest used to
extend over the whole of the Corozal. But now large areas of this region are occupied by sugar cane plantations,
leaving the medium-sized semi-evergreen forest confined to the north of Corozal district. For this reason, the
future of this forest type is very uncertain, despite its protection in the SNR. This is the only area in Belize where
this forest is protected. It covers most of the Xo-Pol area. This forest was chosen to study the herpetofauna
because it is representative of the vegetation of the Yucatan Peninsula.

Data acquisition
The SNR has two boarder lines that are in fact straight trails one meter wide, delimiting the eastern and the
western boundaries of the reserve, called Western and Eastern survey lines. The parcel of Xo-Pol is an isolated
area of the SNR situated a few kilometres to the west of the reserve. There is a straight trail delimiting the west
boundary of the Xo-Pol parcel. Samples of the herpetofauna were taken along the two survey lines and in the XoPol area.
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Transect system
At each of the three sites selected, a transect system was established. The existing tracks described previously
were used as the baseline for a stratified random placement of transects. Firstly, the principal trail was divided
into five sections of 200 m (656 ft). Secondly, a point was randomly selected for each 200 m long portion of of the
main trail. Finally, the 5 transects of 200 m lengths were opened perpendicular to the main trail. Each transect is
located at the point in its 200 m length section. To avoid edge effects, the transects started 20 m (65 ft) away from
the main trail. A total of 15 transects (5 per site) were opened and sampled.
th

On November 26

th

and 27

2004, several of these transects were visited by Caspar Bijleveld and Nathalie

Nguyen. Each transect was briefly analysed with regard to its vegetation patterns. Dominant / characteristic
species were noted. However, this analysis only allowed for a preliminary survey of the vegetation on each
transect. Furthermore, vegetation types at the Shipstern Nature Reserve are intermingled in a rather patchy and
complicated mosaic, therefore interpretation of vegetation types, without a thorough survey, can only be
considered as superficial. The following is the conclusion of this short study of the transects of the site B and C.
The vegetation of the site A wasn’t visited, but Bijleveld (1998) listed the vegetation type that is in the area A of
Xo-Pol. This was used in this paper. See annexe details about tree species composition on the transects.
Transects on the site A (Xo-Pol area) recognised as Yucatean medium-sized semi-evergreen forest. This forest
type (9 - 15 m (29 - 49 ft) high) covers most of the land situated to the west of the reserve, including Xo-Pol area
(Bersot 2001).
Transects on the site B (Western Survey Line) are fairly homogenous, albeit the Yucatecan medium-sized semievergreen seasonal forest is occasionally interrupted by low periodically inundated areas, with specific vegetation
patterns.
Transects on the site C (Eastern Survey Line) are fairly homogenous in Transects C1 –C4, being a mosaic of
Medium-sized semi deciduous Yucatan forest and Low semi-deciduous Pseudophoenix s. sargentii forest. It is, as
in Transect B, also occasionally interrupted by low periodically inundated areas. Although Transect C5 harbours
Low semi-deciduous Pseudophoenix s. sargentii forest, it clearly shows a different pattern known as a Bravaisia
tubiflora – dominated zone (transitional towards open wetlands).
Whereas Transects B and C show clearly differentiated vegetation types, one should bear in mind, when
analysing data, that those originating from transect C5 could be influenced noticeably by the change in vegetation
type.

Sampling procedure
The choice of the sampling method is based on the study of Doan (2003) in neotropical rainforests in Peru, where
two sampling methods were compared: the quadrats and the visual encounter survey (VES). For a short period of
sampling, the VES diurnal surveys provide a higher number of animals recorded per sampling effort than
quadrats. For nocturnal study reptiles and amphibians were more abundant in VES surveys. They were also more
species-rich using VES, Doan (2003).
As the goal is to provide estimates of the entire herpetofaunal diversity, i.e., including arboreal species, in a large
area based on a short - time study of four months, the VES method appears to be the most appropriate. Another
reason for choosing VES rather than quadrats is the fewer number of fieldworkers available, one or two people.
The quadrat methode requires at least two to four people to collect data per plot (Vonesh 2001).

The sampling period took place over two months of the wet season November and December 2004 and two of
the dry season, January and February 2005. With 80 days and 80 nights available for sampling, exactly 50
samples (25 days, 25 nights) were taken per site, i.e., 10 per transect (5 days, 5 nights). The number of samples
was 75 for each season. Each transect was visited ten times, five during the wet season and five during the dry
season. The amount of time spent per sample was recorded. Then the sampling effort by transect was counted in
man-hours: product of the number of fieldworkers by the amount of time.
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To maximize temporal independence of the repeated samples at the same site, the samples were taken at
regularly spaced temporal intervals. Two and a half days were necessary to visit a site, checking its 5 transects
alternatively day and night (see gazetteer in annex 2 for details). It wasn’t possible to alternate the sites at each
transect sampled because of logistic constraints: the distances that separate the sites were too wide to allow such
a time table.
During a sampling session on a transect, the VES searching method applied differs from the one used by Doan
(2003): The number of fieldworkers was reduced to one or two persons; both walking slowly, searching for reptiles
on the ground, under debris on the forest floor and in the trees, up to 5 m (16 ft) on both sides of the middle line of
the transect. This is about twice the distance used by Doan (2003); and up to 10 m (32 ft) in the trees (compared
to 2 m (6 ft) in Doan). The surface of prospecting was wider to maximise the number of individuals encountered
by hour and to extend the types of macrohabitat checked, particularly in the trees. For each amphibian or reptile
specimen found on the transects, the following variables were recorded: location, species, time of capture, age
group, sex (if possible) and macrohabitat (into four categories: 1. floor, 2. low vegetation < 1m (3 ft) of the floor, 3.
high vegetation >1m of the floor, 4. debris of the forest floor, i.e., under logs, stones, leaf litter).
Animals found out of the regular sampling period were recorded as adhoc data and added to the species account,
but not used for analysis.
The lizards were marked to avoid a high recapture rate and excessive preserving. They were marked by toe
clipping, coded by species, sex and the toe number. Frogs and snakes were too rare to justify marking. Species
were identified using the keys of Henderson and Hoevers (1975) for amphibians and Stafford and Meyer (2000)
for reptiles. Specimens that could not be identified in the field by the available keys were photographed with a
numeric camera in macro mode and the pictures submitted to an expert for identification.

Data Analysis
All analysis except evenness and density have been processed with the programme Estimates (Colwell 1997).
Analyses were done separately for frogs, lizards and snakes. To estimate the total species richness, species
accumulation curves were set-up. The curves are rescaled by individuals instead of leaving them scaled by
samples, as recommended by Gotelli and Colwell (2001), to compare datasets in terms of species richness
instead of species density. The comparisons were made on the basis of species richness by extrapolating species
accumulation curves, by fitting a Michaelis-Menten equation (Raaijmakers 1987); and using non-parametric
methods for estimating species richness from samples of SNR and Panama, by computing ’ Chao 1’ and ‘ Chao
2’ estimators, following Colwell and Coddington (1994).
The random resampling for richness estimators and species accumulation curves was made with replacement.
The advantage of randomizing samples with replacement is that the variance, among randomizations, of counts
and estimators for which no analytical variance is provided, remains meaningful at the right hand of the species
accumulation curve, and thus can be used to compare datasets (Colwell 1997). As we wanted to compare the
species richness in the SNR with the species richness in Panama, this alternative seemed to be the best.
As an evenness measure for each group (frogs, lizards, snakes), we computed Hurlbert's (1971) probability of an
interspecific encounter (PIE). Means and standard errors of this index were calculated by a bootstrap procedure
with 1000 iterations (Efron & Tibshirani 1993).
The density of individuals of each group (frogs, lizards, snakes) is counted in number of animal encountered per
person-hour of sampling and compared between the dry and wet season.
The number of shared species is computed with the shared species estimator V, developed by Chao et al.
(2000). This estimator requires abundance data. This enables one to calculate the Chao’s abundance-based
Jaccard and Sörensen indexes, based on the probability that two randomly chosen individuals, one from each of
two sites, both belong to species shared by both samples, but not necessarily to the same shared species
(Colwell 1997).
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As they suggest, the complementarity of the reptile species between the vegetation types are estimated by
using the measure of Marczewski-Steinhaus distance. We used, instead of the observed number of species
shared in the first and second samples, the Chao estimator number of species shared by the first and second
samples. This estimator augments the observed number of shared species by a correction term based on the
relative abundance of shared, rare species (Chao et al., 2000).

Results

Composition of the raw data set
The number of individuals detected over the entire study period was 339: 35 amphibians, 258 lizards, 38 snakes,
7 turtles and 1 crocodile (see appendix 1: Species account). The total number of species detected was 9 anurans,
17 lizards, 18 snakes, 3 turtles and 1 species of crocodile. These results include adhoc data, i.e. animals
collected outside the sampling period, on the road, around the reserve, at the head quarter, in the village of
Sarteneja, etc., but the following results do not take these into consideration.

During the sampling period of two months in the wet season 118 individuals were found: 10 of them were anurans,
95 were lizards and 13 were snakes. The total number of species for the wet season was 4 species of anurans, 10
of lizards and 5 of snakes.
The sampling period during the dry season totalized a number of 158 individuals, composed of 20 anurans, 131
lizards, 6 snakes and one of turtle. The total number of species for the dry season was 15: 5 species of anurans, 6
of lizards, 4 of snake and one of turtle.
The numbers are summarized in table 1.

Table 1: Numbers of individuals found on the transects of three sites, Xo-Pol, Western Survey Line and Eastern
Survey Line, during wet and dry season, (number of species). For both seasons lizards were more abundant than
other animals, and turtles were very rare.
Xo-Pol

WSL

ESL

Total

Wet

Dry

Wet

Dry

Wet

Dry

Frogs

3 (2)

5 (3)

2 (1)

7 (3)

5 (3)

8 (3)

30 (6)

Lizards

43 (6)

47 (2)

20 (3)

27 (2)

32 (5)

57 (4)

226 (11)

Snakes

2 (2)

0

7 (4)

5 (3)

4 (2)

1

19 (7)

Turtle
Totals

1
48 (10)

52 (5)

29 (8)

40 (9)

1
41 (10)

66 (8)

276 (24)

Ecological structure of the herpetaufaunal community
Most of the animals were found on the low vegetation, below 1 m (3 ft), and under debris of the forest floor. Fewer
animals were foud on high vegetation but this result is certainly biased by the following facts: animals in the
canopy could be up to 10 m (32 ft) away and visual acuity reduces with the distance, making animals harder to
see, compared to the ones on the floor or on low vegetation. In addition, small animals such as lizards were
invisible if they lay on the top of high leaves which can’t be see by fieldworkers from the ground. Most of the
lizards were found on low vegetation but most of the snakes in high vegetation; No snakes were found under
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debris on the forest floor. At all three sites, by far the most dominant species was Norpos rodriguezii, which was
detected often in the low vegetation with a recapture rate of 5%. Norops rodriguezii was the dominant species in
all the captures in the SNR and so lizards have the lowest evenness. The most common snake species were
Dipsas brevifacies and Oxybelis aeneus, the most common anuran was Bufo valliceps, but the results for
evenness of frogs and snakes don’t show a dominance of one species as in the case of lizards. In their ecological
summary, based on the table structure adapted from Rand and Myers (1990), Stafford and Meyer (2000) define
the abundance of reptiles as follows: common, many individuals can be found; usual, individuals can be found if
searched for in appropriate habitat and season; infrequent, not predictable and rare, rarely seen. A lot of species
considered usual by Stafford and Meyer (2000) were only collected a single time in this study. 11 species were
considered as infrequent species: the frog Hypopachus variolosus, the lizards Thecadactylus rapicauda,
Corytophanes cristatus, Laemanctus longipes, Norops capito, and the snakes Boa constrictor, Drymarchon
corais, Masticophis mentovarius, Oxybelis aeneus, Oxybelis fulgidus, Spilotes pullatus and Symphimus mayae;
and 4 were rare species: the two frogs Hyla microcephala and Rana berlandieri, the lizard Norops pentaprion and
a fossorial snake Tantilla cuniculator.

Estimation of total species richness for SNR and Panama
For an estimation of the total species richness, including species not present in any sample, we made an
extrapolation by calculating Chao’s estimators and by fitting the species accumulation curves to the MichaelisMenten equation. For frogs, extrapolated species richness was four times greater in Palo Seco (22.74 species). In
comparison the SNR appears to be very poor (4.7 species), but has been probably underestimated, due to the
small sample size. For lizards, Chao’s estimators don’t give a major difference in species numbers, the SNR has
marginally more species than Palo Seco, and a wider confidence interval; but extrapolation and fitting the
Michaelis-Menten equation gives a bigger difference, Palo Seco having 11.47 species and SNR 8.28. Considering
Chao’s estimators, lizards have the highest species richness in the SNR; on the contrary, frogs have the highest
species richness in Panama.

Table 2: results of Estimates for the total species richness for the SNR and Palo Seco, Panama (Hofer & Bersier
2001), using sampling with replacement, (95 % confidence interval).

Belize - SNR

Frogs

Species expected

4 (1.57 - 6.43)

8 (4.56 - 11.44)

4 (1.32 - 6.68)

Chao 1 Mean

5.47 (5.23 - 8.54)

11.82 (8.96 - 34.65)

7.06 (5.6 - 21.28)

Chao 2 Mean

5.48 (5.23 - 8.7)

11.95 (8.98 - 35.42)

7.06 (5.6 - 21.25)

4.7

8.28

5.22

MMMeans (1 run)

Panama - Palo Seco
Species expected

Lizards

Frogs

Snakes

Lizards

17 (11.41 - 22.59)

9 (6.08- 11.92)

Chao 1 Mean

21.59 (17.7 - 46.55)

9.75 (9.12 - 17.24)

Chao 2 Mean

22.6 (17.92 - 50.59 )

10.14 (9.18 - 20.28)

22.74

11.47

MMMeans (1 run)
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Figure 2: Species accumulation curves for SNR with 95 % CI, rescaled by individuals.
Figure 2a: frogs
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Figure 2b: lizards
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Figures 2c: snakes
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Species accumulation curves for Palo Seco with its 95 % of CI (rescaled by individuals):

Figures 3a: frogs
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Figures 3a: lizards
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Heterogeneity in SNR and Palo Seco
For SNR, lizards have the lowest probability of an interspecific encounter, less than twice that for frogs and
snakes (Table 3). The evenness of frogs is marginally lower for SNR (0.70) than for Palo Seco (0.85), but for
lizards in SNR, the probability of an interspecific encounter is very weak (0.24), against 0.77 for Palo Seco.

Table 3: evenness, expressed as the Probability of an Interspecific Encounter (95 % confidence interval).
PIE

SNR

Palo Seco

Frogs

0.70 (0.59 – 0.79)

0.85 (0.80 – 0.91)

Lizards

0.24 (0.18 – 0.30)

0.77 (0.71 – 0.82)

Snakes

0.74 (0.61 – 0.84)

No data available
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Density
Lizards show the highest density throughout the year (Table 4). Their density is 14.25 times greater than that of
frog and snake densities, wet and dry seasons included. Snake density deceases during the wet season, whereas
frog and lizard densities increase during the dry season: 1.8 times for lizards and 4 times for frogs.

Table 4: density in numbers of animals per person-hour of sampling (95 % confidence interval).The total sampling
effort for the wet season is 258.45 person-hours, and for the dry season 177.7 person-hours.
Individuals per person-h of sampling Wet Season

Dry Season

Overall

Frogs

0.03 (0.01 - 0.06) 0.12 (0.06 - 0.19) 0.04 (0.005 - 0.07)

Lizards

0.40 (0.29 - 0.51) 0.75 (0.51 - 0.99) 0.57 (0.44 - 0.71)

Snakes

0.05 (0.02 - 0.08) 0.03 (0.01 - 0.06) 0.04 (0.02 - 0.06)

Shared Species
The observed number of shared species is the same for the three sites, whereas the Chao shared species
estimate shows marginal differences. The new Jaccard and Sörensen similarity indices, proposed by Chao and
al. (2005) for abundance data, show the strongest similarity between the Eastern survey line and Xo-Pol, followed
by the Eastern and Western survey line, with Xo-Pol and the Western survey line being the most dissimilar. The
Morisita-Horn similarity index provides similar results.

Table 5: results of Estimates for shared species between the three sites.

Shared Species
Number of observed shared species
Chao shared species estimated
Xo-Pol

Chao-Jaccard estimator (CI)
Chao-Sörensen estimator (CI)
Morisita-Horn sample similarity index

Western Survey Line

Eastern Survey Line

5

5

6.192

5.25

0.712 ( 0.67 - 0.75 )

0.862 ( 0.82 - 0.90 )

0.832 ( 0.80 - 0.87 )

0.926 ( 0.89 - 0.96 )

0.964

0.978

Number of observed shared species
Chao shared species estimated
W.S.L.

Chao-Jaccard estimator (CI)

5
5.4
0.744 ( 0.70 - 0.78 )

Chao-Sörensen estimator (CI)
Morisita-Horn sample similarity index

0.853 ( 0.82 - 0.89 )
0.977

Complementarity among the three sites
The percentage of complementarity is an estimation of the distinctness or the dissimilarity between the species
composition of the three sites, based on presence-absence data. The higher the percentage, the more similar the
two sites are. The highest level of complementarity is between the Eastern and the Western Survey line (75 %).
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The complementarity values show that Xo-Pol and the W.S.L. have the lower level of distinctness (67.08 %
distinct); whereas the E.S.L. is more complementary with the other two sites (72% with Xo-Pol and 75 % with the
W.S.L.).

Table 6: percentage of complementarity between the three sites.

Complementarity in %

Western Survey Line

Eastern Survey Line

Xo-Pol

67.08

72

Western Survey Line

75

Comparisons of the number of species to other Belizean sites
Toledo district has the highest number of species recorded. In comparison with the species listed for SNR by
Stafford and Meyer, our species account totalizes 39 species of reptiles against 60 for SNR. But in addition to
these 60 species, there are 3 new species of lizards found in SNR, which were not recorded in the reserve.
Compared with the number of species localized in the entire Corozal district, SNR appears to be poorer with its 60
species against 72 recorded for Corozal.

Table 7: number of species for Corozal and Toledo districts in comparison with the species account and the
species recorded for Shipstern, based on Stafford and Meyer (2000).
Number of species

Corozal

Toledo

Sp. account

SNR

Lizards

26

30

17

20

Snakes

39

45

18

31

Turtles

4

6

3

4

Crocodiles

2

2

1

2

total

71

83

39

60

Table 8: Similarity indices (presence/absence data), above diagonal: Jaccard, below diagonal: Sörensen. The
higher the index, the more similar the species lists.
Similarity indices

Corozal

Corozal

Toledo

Sp account

SNR

0.54

0.55

0.85

0.33

0.49

Toledo

0.7

Sp account

0.71

0.49

SNR

0.92

0.66

0.57
0.73

With both indices SNR and Corozal appear to be the most similar, 0.85 for Jaccard and 0.92 for Sörensen. Toledo
district is the more dissimilar with Corozal (0.54 for Jaccard and 0.7 for Sörensen), with SNR (respectively 0.49
and 0.66), and with the species account (0.33 and 0.49).
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Discussion
Sampling with transects was already used to study tropical herpetofaunas by, for example, Inger and Colwell
(1977), Hofer et al. (1999) and Hofer and Bersier (2001). In the last study they compare local species richness,
evenness, and density of the herpetofaunal in Cameroon and Panama, using indices that had a probabilistic basis
and tended to be unbiased by sample size (Hofer and Bersier 2001). This technique appears to be adequate to
analyse and compare the biodiversity of different sites by sampling. So, in some ways the same methods of
sampling and analyses are used in this study.

Quality and characteristics of the raw data set
Due to low sample sizes, the estimates for the species richness come with wide 95 percent confidence intervals
(CI), which gives a low accuracy to the estimations. As the CI depends on the estimated variance that means that
the variance is very high. It is possible that the variance is influenced by the spatial distribution of the species. If
the different groups of species are concentrated in small blocks in an inhomogenous way, the variance, which is a
mesure of the dispersal, tends to be greater.
The comparison, considering the species composition between the three sites, gives quit surprising results
because I had expected Xo-Pol and the W.S.L. to be the most similar due to the same type of vegetation
(Yucatecan medium-sized semi-evergreen forest) that covers these two areas. In addition I expected the E.S.L. to
be the most dissimilar because of its dryer vegetation (medium-sized semi deciduous Yucatan forest and low
semi-deciduous Pseudophoenix s. sargentii forest). But the results show the contrary. This suggests that the
species composition is not influenced by the vegetation type, because the areas with the same vegetation are the
most dissimilar in terms of shared species and percentage of complementarity. But these results are to be taken
with care due to the short duration of sampling. Probably many species have been missed, and a longer study
period could show more correlation between species composition and vegetation type.
Henderson and Hoevers, (1977) found a highly significant positive correlation between snake incidence and
rainfall in northern Belize. Furthermore, Henderson and Dixon (1978) noticed an interruption in snake activity
during the dry season directly or indirectly related to rainfall. It is true that I also found a lower density of snakes
during the dry season in SNR. This could be due to the lack of humidity, which forces the snakes to hide
themselves in humid places like holes or trunks, to reduce evaporation. Gans et al. (1968) discovered in the
laboratory, that active snakes lost water faster than those that were inactive and that snakes adapted to humid
tropical forests lose water faster than desert-adapted forms were. For lizards and frogs, the density increased
during the dry season. These results match with the study by Toft (1980) who found greater frog abundance in the
dry season, when their preys, the litter arthropods, are the most abundant. We could make the same conclusion
for the lizards that the density of the population is influenced by prey abundance. But this seems to be less clear
for snakes who don’t feed on arthropods. Henderson (1977) suggests that seasonal incidence of snakes is closely
tied with anuran activity, but he considers frogs being more abundant in the wet season. Further quantitative
studies should draw more light on the relation between snakes and frogs, and the influence of the seasons.
Another possible influence on the increase of frog density in the dry season could be due to the fact that during
the wet season, amphibians migrate to ponds for breeding. The majority of the Belizian species need lentic water
to reproduce. Only few individuals were detected in the forest during the breeding season. At the beginning of the
dry season, the reproduction period is over because the temporary ponds required for tadpole development are
becoming dry. At this time the adults and young frogs freshly transformed for terrestrial life, returnto the forest to
bury themselves. To reduce body evaporation, they produce a slimy substance that protects their skin from
desiccation. Most of the amphibians found at the beginning of the dry season were juveniles, probably coming
from their natal ponds. It seems that they can travel deep into the forest after leaving the ponds. Juveniles were
found up to one kilometre (0.6 miles) away from the nearest pond. This underlines the importance of conserving
the highest as possible number of pond sites. Unfortunately these sites tend to be destroyed by humans. Many
temporary ponds were situated along the road that delimits the north of the reserve. They were covered by dense
vegetation, forming ideal spots for amphibian reproduction. But by the end of January, all was cleared for the
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maintenance of the road, leaving only a bare ground. For this year the new offspring were safe because the
tadpoles had finished their transformation and were already back in the forest. But for the next year, the lack of
these ponds could have a negative influence on frog populations in the SNR

Comparison of raw data set to available herpetofaunal checklists of SNR
It is evident that four months of sampling was too short to find all the species in SNR. I totalize a number of 39
species of reptiles against 60 in the Stafford and Meyer’s list. 20 species of lizards were recorded by Stafford, I
found 14 of them, but I added 3 new species that weren’t recorded for the whole Corozal district (Corytophanes
cristatus, Norops capito and Norops pentaprion). N. pentaprion has been recorded in Belize only for the district of
Cayo; therefore this result shows in a considerable extention of its distribution in Belize. Perhaps it is found in the
Orange Walk and Belize districts, because they are situated between Cayo and Corozal districts. To prouve that,
more field investigations are needed. However we could reasonably think that if this species had to cross these
two districts to reach Corozals’, there is chance that it has found ideal conditions to stay in Orange Walk and
Belize districts as well. The CI given by the rarefaction underestimates the number of lizards species recorded by
Stafford, but this number is included in the CI of extrapolation with Chaos’ estimators, although the maximum
overestimates the number of lizard species.
For snakes, I found 18 of the 31 species listed by Stafford. The estimators are far away from the number of snake
species given by Stafford. Even the upper bound 95 % CI underestimates this number. This is due to the fact that
the analyses didn’t include the adhoc data, and I found 11 of the 18 snakes outside the sampling period on the
transects, recorded as adhoc data. Neotropical lowland snakes exist at low population densities (Henderson and
Hoevers, 1977). Snakes were certainly the most difficult to detect. Many are behaviourally and structurally
adapted to avoid discovery (Myers and Rand, 1969). I remarked that arboreal snakes like Oyxbelis aeneus,
Dipsas brevifacies or Imantodes cenchoa didn’t react by run and hide strategy, as used by terrestrial species like
Drymarchon corais, Drymobius margaritiferus or Micrurus diastema. Rather they stay still and didn’t move, even
when I came closer to capture them. I didn’t find many of the terrestrial species; their anti-predator strategy
certainly did have an influence on that. The only exception was Bothrops asper; it is typically a terrestrial species
but didn’t move, even when it was close to being trampled. Its strategy is to mimic the color of the dry leaves that
makes it almost invisible on the forest floor. The reason why it didn’t run away isn’t due to its venomous capacity.
Micrurus diastema, a highly venomous snake did run and hide in the leaf litter with incredible speed at the first
alert of human presence.
For frogs, we only compared our account to Meermans’ (1993), who noted 14 species. I found 9 species but add
one that wasn’t recorded by Meerman, Gastrophryne elegans. During the wet season, breeding ponds were often
visited but the detection of frogs was difficult, due to the dense vegetation in and around the water bodies, and to
the animals themselves which immediately jump and hide when disturbed. More than 8 different breeding calls
have been heard, but their indentification was very uncertain.
I found one turtle on the transects, more in adhoc data, totalizing 3 species from the 5 listed by Meerman. For
crocodiles, C. moreleti was present in the pond of Xo-Pol (picture in appendix 3) but I haven’t seen the other
species of Belize C.acutus in the wild, only at the Belize crocodile crèche. The crèche actively helps to increase
the population the most endangered species, the C.acutus, by collecting babies in the wild and raising them until
they are big enough to survive to predators in the nature, at the age of two or three years.

Comparisons within Belize
Despite its small surface, compared with the surface of the whole district, SNR provides more than 83% of the
species located in the district of Corozal. More than half of the species found in Belize occur in the SNR
(Meerman, 1993). It is possibly due to the high degree of habitat diversity in SNR that allows many different
species with different ecological needs to live in this small area. The district of Toledo is located in the extreme
south of Belize. It is the most distant district from Corozal. In Toledo, 83 species of reptiles were recorded, that is,
12 more than in Corozal. The similarity indices underline this difference in species composition: all indicate Toledo
as being the most dissimilar to the remaining sites. Toledo receives the highest annual rainfall: over 4060 mm
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(159 in) per year, compared to less than 1770 mm (69 in) for the Corozal district which is the driest along with the
Orange Walk. An important difference between these two districts is that Corozal is located at sea level, while
Toledo is located approximately 915 m (3001 ft) above sea level, due to the presence of the Maya Mountains,
which are covered in part by an evergreen broadleaf forest, a type of rainforest. The comparison of these dryer
and wetter sites could suggest a positive correlation between humidity and species diversity, but a future
quantitative study would be necessary to assess the value of this suggestion.

SNR compared to Palo Seco, Panama
Our results show a much higher frogs’ species richness in Palo Seco. SNR differs significantly from Palo Seco in
having no permanent stream at all and lower rainfalls, 1260 mm (49 in) compared to 4000 mm (157 in) in average
for Palo Seco. Such a dry environment suggests that it is less favourable for the amphibians. The difference in
species diversity between a dryer and a wetter site has been reported by Toft (1980) and Scott (1976), both
having found species diversity higher in the wetter location. For lizards, the species richness given by Chaos’
estimators is higher in SNR but becomes less accurate because of its wider CI. The extrapolation with MichaelisMenten indicates a higher richness of the lizard species in Palo Seco, but these differences are less important
than for frogs. It is possible that such big differences in the results are produced by inequality in frog population
distribution between both sites, introducing a sampling error. Frog populations tend to accumulate around streams
or ponds for reproduction, making the sampling more productive in Palo Seco because the fieldworker could
sample several water bodies. This creates a big divergence with the SNR where there aren’t any streams, which,
makes the detection of frogs more difficult. So the species richness in SNR is certainly lower than in Palo Seco
but this difference could be amplified by this sampling error. The higher frog species richness in Palo Seco is, as
well, probably due to the addition of species that use lotic water for reproduction. The presence of such species is
impossible in the SNR as it is devoid of streams. The frog species of the reserve laid eggs in temporary ponds
that appear after the first heavy rain, or some don’t even use these pools such as Leptodactylus labialis, which
deposit their eggs in a covered hole, excavated by the male (Meyer and Foster, 1996).
Repartitions of lizard populations are less sensitive to the lack of permanent waters, because their reproduction is
totally independent of water. The distribution of these populations is likely to be more homogenous than that of
frogs and won’t cause large differences during sampling. It is perhaps the reason why we see fewer differences in
lizard species richness between SNR and Palo Seco.
For snakes, we omitted results due to the small sample size of Palo Seco, so no comparison is possible. But due
to the short period of sampling, the results for SNR were certainly underestimated in regards to the checklist by
Stafford and Meyer (2000). In regards to all results and previous studies, there is no doubt that humidity strongly
influences the species diversity, but this can’t be due only to this factor, as other influences such as habitat
availability and prey abundance may determine the species composition.

Conclusion
This short-term study gives the impression that the herpetofauna community in SNR is influenced by many factors
that determine its diversity. The influences of the dry conditions aren’t negligible, but a long-term study could draw
more light on other important factors for the herpetofauna, such as prey density and the degree of human
disturbance. The presence of Norops pentaprion, which is considered a rare species, and was recorded only in
one district in Belize, reveals the important role that SNR plays in terms of wildlife and its habitat conservation,
representing one of the very few protected areas in northern Belize. The results of these 15 years of protection
are optimistic for the long-term preservation of rare species, especially for the herpetofauna. This group is the
most endangered by the destruction of its habitat, but also by the human behaviour. I noticed many reptiles,
mostly snakes and turtles, killed on the main road that delimits the north of the reserve, e.g., Crotalus durissus,
Oyxbelis fulgudius, Boa constrictor. Furthermore, contact with the local population made me aware to the sad
reality: the relation between humans and reptiles is dominated by ignorance that leads to fear and the
unnecessary slaughter of animals. Even the small house gecko Hemidactylus frenatus is considered as
poisonous, and is chased out of houses where its presence could regulate the abundance of mosquitos. Better
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information about recognising poisonous reptiles and education about the usefulness of snakes in agriculture, (by
regulating rodents’ population), could change the negative image of reptiles and avoid unnecessary reptile and
human deaths.
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Appendix 1: species account
Amphibians and reptiles recorded in the Shipstern Reserve.
WSL = Western Survey Line, ESL = Eastern Survey Line

Xo-Pol

WSL

ESL

Total

1

2

6

17

ANURA
Bufonidae
Bufo marinus
Bufo valliceps

3

5

Hylidae
Hyla microcephala

2

Scinax staufferi
Smilisca baudinii

1
2

2
3

5

Leptodactylidae
Leptodactylus melanonotus

1

Ranidae
Rana berlandieri

1

Microhylidae
Gastrophryne elegans

2

2

Hypopachus variolosus

3

3

SAURIA
Cortyophanidae
Basiliscus vittatus

1

Corytophanes cristatus

2

4
1

4

Laemanctus longipes

1

Eublepharidae
Coleonyx elegans

1

1

3

Gekkonidae
Hemidactylus frenatus

15

Spherodactylus glaucus

1

Thecadactylus rapicauda

1
1

Iguanide
Ctenosaura similis

1

2

Phrynosomatidae
Sceloporus chrysostictus

1

Polychrotidae
Norops capito
Norops lemurinus

1

Norops pentaprion
Norops rodriguezii

1

14

1
1

71

44

17
1

81

Norops sericeus

197
1

Scincidae
Mabuya unimarginata
Sphenomorphus cherriei

1
1

1

Teiidae
Amevia undulata

3
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Species (continued)

Xo-Pol

WSL

ESL

Total

OPHIDIA
Boidae
Boa constrictor

2

Colubridae
Coniophanes imperialis
Dipsas brevifacies

1
1

4

2
2

Dryadophis melanolomus

1

Drymarchon corais

1

4

Drymobius margaritiferus
Imantodes cenchoa

7

1
1

1

Leptophis mexicanus

1

Masticophis mentovarius

1

Oxybelis aeneus

3

3

6

Oxybelis fulgidus

1

Spilotes pullatus

1

Symphimus mayae

1

1

Tantilla cuniculator

1

Tantillita canula

3

Elapidae
Micrurus diastema

2

Viperidae
Bothrops asper

2

Crotalus durissus

2
1

TESTUDINA
Emydidae
Rhinoclemmys areolata

1

4

Kinosternidae
Kinotsernon leucostomum

1

Kinosternon scorpioides

2

CROCODYLIA
Crocodylidae
Crocodylus moreletii

1
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Appendix 1: Gazetteer
Date
Wet season
01/11/2004
01/11/2004
02/11/2004
02/11/2004
03/11/2004
03/11/2004
04/11/2004
04/11/2004
05/11/2004
05/11/2004
08/11/2004
08/11/2004
09/11/2004
09/11/2004
10/11/2004
10/11/2004
11/11/2004
11/11/2004
12/11/2004
12/11/2004
15/11/2004
15/11/2004
16/11/2004
16/11/2004
17/11/2004
17/11/2004
18/11/2004
18/11/2004
19/11/2004
19/11/2004
22/11/2004
22/11/2004
23/11/2004
23/11/2004
24/11/2004
24/11/2004
25/11/2004
25/11/2004
26/11/2004
26/11/2004
29/11/2004
29/11/2004
30/11/2004
30/11/2004
01/12/2004

(A = Xo-Pol, B= Western Survey Line, C= Eastern Survey Line)

Time of day
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day

Site
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
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Transect code
A1-day-1
A2-night-1
A3-day-1
A4-night-1
A5-day-1
B1-night-1
B2-day-1
B3-night-1
B4-day-1
B5-night-1
C1-day-1
C2-night-1
C3-day-1
C4-night-1
C5-day-1
A1-night-1
A2-day-1
A3-night-1
A4-day-1
A5-night-1
B1-day-1
B2-night-1
B3-day-1
B4-night-1
B5-day-1
C1-night-1
C2-day-1
C3-night-1
C4-day-1
C5-night-1
A1-day-2
A2-night-2
A3-day-2
A4-night-2
A5-day-2
B1-night-2
B2-day-2
B3-night-2
B4-day-2
B5-night-2
C1-day-2
C2-night-2
C3-day-2
C4-night-2
C5-day-2
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01/12/2004
02/12/2004
02/12/2004
03/12/2004
03/12/2004
06/12/2004
06/12/2004
07/12/2004
07/12/2004
08/12/2004
08/12/2004
09/12/2004
09/12/2004
10/12/2004
10/12/2004
13/12/2004
13/12/2004
14/12/2004
14/12/2004
15/12/2004
15/12/2004
16/12/2004
16/12/2004
17/12/2004
17/12/2004
20/12/2004
20/12/2004
21/12/2004
21/12/2004
22/12/2004

night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day

A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5

A1-night-2
A2-day-2
A3-night-2
A4-day-2
A5-night-2
B1-day-2
B2-night-2
B3-day-2
B4-night-2
B5-day-2
C1-night-2
C2-day-2
C3-night-2
C4-day-2
C5-night-2
A1-day-3
A2-night-3
A3-day-3
A4-night-3
A5-day-3
B1-night-3
B2-day-3
B3-night-3
B4-day-3
B5-night-3
C1-day-3
C2-night-3
C3-day-3
C4-night-3
C5-day-3

Dry season
03/01/2005
04/01/2005
04/01/2005
05/01/2005
05/01/2005
06/01/2005
06/01/2005
07/01/2005
07/01/2005
10/01/2005
10/01/2005
11/01/2005
11/01/2005
12/01/2005
12/01/2005
13/01/2005
13/01/2005

night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night

A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2

A1-night-3
A2-day-3
A3-night-3
A4-day-3
A5-night-3
B1-day-3
B2-night-3
B3-day-3
B4-night-3
B5-day-3
C1-night-3
C2-day-3
C3-night-3
C4-day-3
C5-night-3
A1-day-4
A2-night-4
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14/01/2005
14/01/2005
17/01/2005
17/01/2005
18/01/2005
18/01/2005
19/01/2005
19/01/2005
20/01/2005
20/01/2005
21/01/2005
21/01/2005
24/01/2005
24/01/2005
25/01/2005
25/01/2005
26/01/2005
26/01/2005
27/01/2005
27/01/2005
28/01/2005
28/01/2005
31/01/2005
31/01/2005
01/02/2005
01/02/2005
02/02/2005
02/02/2005
03/02/2005
03/02/2005
04/02/2005
04/02/2005
07/02/2005
07/02/2005
08/02/2005
08/02/2005
09/02/2005
09/02/2005
10/02/2005
10/02/2005
11/02/2005
11/02/2005
14/02/2005
14/02/2005
15/02/2005
15/02/2005
16/02/2005
16/02/2005
17/02/2005

day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day
night
day

A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
C1
C2
C3
C4
C5
A1
A2
A3
A4
A5
B1
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A3-day-4
A4-night-4
A5-day-4
B1-night-4
B2-day-4
B3-night-4
B4-day-4
B5-night-4
C1-day-4
C2-night-4
C3-day-4
C4-night-4
C5-day-4
A1-night-4
A2-day-4
A3-night-4
A4-day-4
A5-night-4
B1-day-4
B2-night-4
B3-day-4
B4-night-4
B5-day-4
C1-night-4
C2-day-4
C3-night-4
C4-day-4
C5-night-4
A1-day-5
A2-night-5
A3-day-5
A4-night-5
A5-day-5
B1-night-5
B2-day-5
B3-night-5
B4-day-5
B5-night-5
C1-day-5
C2-night-5
C3-day-5
C4-night-5
C5-day-5
A1-night-5
A2-day-5
A3-night-5
A4-day-5
A5-night-5
B1-day-5
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17/02/2005
18/02/2005
18/02/2005
21/02/2005
21/02/2005
22/02/2005
22/02/2005
23/02/2005
23/02/2005

night
day
night
day
night
day
night
day
night

B2
B3
B4
B5
C1
C2
C3
C4
C5
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B2-night-5
B3-day-5
B4-night-5
B5-day-5
C1-night-5
C2-day-5
C3-night-5
C4-day-5
C5-night-5

