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Comparative water-loss rates of Hemidactylus mabouia and
Sphaerodactylus notatus on Eleuthera Island,
Commonwealth of the Bahamas
Shanna K. Johnson1, John S. Parmerlee, Jr.2, Douglas A. Eifler3, Robert Powell4*

Abstract. In June 2012 on Eleuthera, Commonwealth of the Bahamas, we examined water-loss rates of Hemidactylus mabouia
and Sphaerodactylus notatus to test the prediction that the larger, nocturnally active H. mabouia will experience comparatively
lower mass-specific water-loss rates and percentage mass lost than the diminutive, diurnally active S. notatus. During the first
hour, S. notatus experienced a faster rate of water loss than H. mabouia, and juvenile H. mabouia lost proportionately more
water than adults. After the first hour, water-loss rates did not differ significantly between the two species or between adult and
juvenile H. mabouia. In terms of percentage loss of original mass, S. notatus was indistinguishable from adult and juvenile H.
mabouia. Desiccation rates were near the lower limits reported for congeners of both species, which might be attributable to the
relatively xeric conditions on Eleuthera. In general, these data supported our prediction that H. mabouia will experience lower
mass-specific water loss rates than S. notatus.
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Introduction
Because terrestrial environments present waterconservation challenges to vertebrates that must
maintain a consistent water content at around three
quarters of total body weight (Khalil and AbdelMesseih, 1954) and to better understand adaptations
to habitats and the effects of alterations to those
habitats, investigations of water-loss rates are essential.
Geckos in the genera Hemidactylus (Gekkonidae) and
Sphaerodactylus (Sphaerodactylidae) typically seek
shelter in microhabitats that provide protection from
desiccation as well as predators (e.g., Heatwole and
Veron, 1977; Hensley et al., 2004). However, they
must leave shelters to forage, seek mates, or escape
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from an intruding predator. When away from refugia,
these lizards are vulnerable to detrimental effects of
dehydration, including reductions in endurance that can
affect overall fitness (Wilson and Havel, 1989).
In June 2012, we examined water-loss rates of
Hemidactylus mabouia, an introduced species with
origins in Africa and an increasingly broad distribution
in the West Indies (Powell et al., 1998, 2011), and
Sphaerodactylus notatus, native to several island
banks in the Bahamas and the Cuban Archipelago
(Schwartz, 1970; Henderson and Powell, 2009), to
test the prediction that the larger, nocturnally active H.
mabouia will experience comparatively lower massspecific water-loss rates and percentage mass lost than
the diminutive, diurnally active S. notatus, because of
either lower surface-area-to-volume ratios for cutaneous
water loss (e.g., Heatwole and Veron, 1977; Turk et al.,
2010) or higher levels of physiological plasticity often
associated with successful colonisers (e.g., Jeschke and
Strayer, 2008; Chown et al., 2010).
Materials and Methods
We conducted our study on the grounds of the
Island School and Cape Eleuthera Institute, Eleuthera
Island, Commonwealth of the Bahamas (24°50’01”N,
76°19’33”W). This region has a tropical maritime
climate, with the majority of precipitation occurring

472
between May and October (Blume, 1974). We collected
13 Hemidactlyus mabouia on 3–4 June 2012 and nine
Sphaerodactylus notatus on 16–18 June. For each
H. mabouia, we recorded ambient and microhabitat
temperatures at time of capture using a digital
thermometer with K-type thermocouples (Fluke® 51/52
Series II; Fluke Corporation, Everett, Washington, USA)
and ambient and microhabitat humidity with an Extech
Instruments® Humidity Alert II (Extech Instruments,
Waltham, Massachusetts, USA). We did not collect
these environmental data for S. notatus, mainly because
lizards were under cover and microhabitat conditions
were altered in searching for them. For H. mabouia, we
measured snout-vent length (SVL), tail length (TL), and
head length (HL) and width (HW) to the nearest 0.1 mm
using digital calipers (Mitutoyo Digimatic Caliper CD6” CSX; Mitutoyo USA, Aurora, Illinois, USA). For
S. notatus, we photographed each individual on graph
paper and determined morphological data to the nearest
0.01 mm using ImageJ version 1.46 (National Institutes
of Health, Bethesda, Maryland, USA). For both species,
we sexed each gecko by candling, recorded the number
of eggs for gravid females, and noted any instances of
tail autotomy. The smallest H. mabouia with discernible
gonads was a male with SVL = 39 mm; smaller
individuals were classified as juveniles. The smallest S.
notatus was a gravid female with SVL = 21 mm, so all
individuals were classified as adults.
Corresponding to respective activity periods
(Fuenmayor et al., 2005; Henderson and Powell, 2009),
we subjected H. mabouia to desiccation at 2100–0300
h and S. notatus at 1100–1700 h. Animals were housed
without food at ambient conditions in 50-ml centrifuge
tubes with damp paper towels until they defecated.
Following defecation, we moved animals to dry 400-ml
plastic containers (Ziploc® Snap N’ Seal; S. C. Johnson
and Son, Racine, Wisconsin, USA) with screened tops
in a closed room maintained at ambient temperature
and humidity. Data for each animal were recorded
at 20- or 30-min intervals. For the small number of
recordings obtained every 20 min, we averaged the
values for 20- and 40-min marks. These measurements
included ambient temperature and humidity in addition
to the mass of each lizard (measured to the nearest mg
using a Denver Institute Co. Model S-110 electronic
scale, Denver, Colorado, USA). After desiccation,
animals were rehydrated and released at original sites
of capture.
We used Minitab 16® (Minitab Inc., State College,
Pennsylvania, USA) to conduct statistical analyses.
We used unpaired t-tests to compare ambient and
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microhabitat conditions and Mann-Whitney U pairwise
comparisons to discern differences in morphological
data between species. Due to small sample sizes, we did
not compare sexes within species, but juvenile and adult
H. mabouia were segregated for all analyses except
regression of water-loss rate on morphological data. We
used Wilcoxon signed-rank tests for small sample sizes
to detect differences in the rates of water loss over time.
One H. mabouia with an erroneously recorded initial
mass was excluded from statistical analyses. All means
are presented ± one SE. For all tests, α = 0.05.
Results
The mean temperature and relative humidity for
microhabitats used by Hemidactylus mabouia at
times of capture were 27.9 ± 0.2°C and 81.2 ± 0.3%,
respectively. Chosen shelter sites were significantly
cooler (t = -3.07, P = 0.01, df =11) and more humid
(t = 11.78, P < 0.001, df =22) than ambient conditions
during desiccation (28.6 ± 0.04°C and 76.0 ± 0.2%).
Juvenile H. mabouia were smaller than adults and
were significantly larger than Sphaerodactylus notatus
(Table 1; all P < 0.03). Juvenile H. mabouia weighed
significantly less than adults (W = 63.0, P = 0.006), but
were indistinguishable from S. notatus (W = 50.0, P =
0.11). Clutch size was invariably two in H. mabouia (n
= 2) and one in S. notatus (n = 4). All lizards of both
species had complete, non-regenerated tails.
The rate of water loss by H. mabouia (Table 2; Fig. 1)
did not significantly differ by hour (all P > 0.05). For S.
notatus (Table 2; Fig. 1), the rate of water loss during
the first hour of desiccation was significantly greater
than the third and fifth hour rates (P = 0.03), approached
significance for the fourth and sixth hour rates (P =
0.06), but was indistinguishable from the second hour
rate (P = 0.16). Desiccation in all other hours did not
differ significantly from one another (all P > 0.05).
In the first hour, S. notatus experienced a faster rate
of water loss than H. mabouia (W = 98.0, P = 0.017),
and juvenile H. mabouia lost proportionately more
water than adults (W = 28.0, P = 0.006). Otherwise,
water-loss rates did not differ significantly between H.
mabouia and S. notatus (W = 118.0, P = 0.34), between
adult H. mabouia and S. notatus (W = 43.0, P = 0.09),
or between juvenile H. mabouia and S. notatus (W =
40.0, P = 0.79), although the difference between adult
and juvenile H. mabouia approached significance (W =
34.0, P = 0.07). In terms of percentage loss of original
mass, S. notatus was indistinguishable from adult (W =
43.0, P = 0.09) and juvenile H. mabouia (W = 40.0, P
= 0.79).
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of themabouia
Bahamas.
Table 1. Morphological
data and percent
massatlost
during
desiccation
for Hemidactylus
and Sphaerodactylus notatus at
Cape Eleuthera, Commonwealth of the Bahamas.

Species

n

SVL

TL

HL

HW

Initial

Percent Mass

(mm)

(mm)

(mm)

(mm)

Mass (mg)

Lost (%)

Hemidactylus mabouia
Males

2

53.5 ± 10.3

55.0 ± 6.4

15.4 ± 2.7

10.2 ± 2.1

4853 ± 28

1.17 ± 0.55

Females

5

57.0 ± 1.7

61.6 ± 1.6

16.5 ± 0.4

10.3 ± 0.3

4811 ± 476

0.83 ± 0.40

Juveniles

5

30.2 ± 1.6

28.6 ± 3.6

9.3 ± 0.5

5.8 ± 0.3

518 ± 123

1.95 ± 0.34

All

12

45.3 ± 4.3

46.8 ± 5.0

13.3 ± 1.2

8.4 ± 0.8

3029 ± 806

1.35 ± 0.27

Sphaerodactylus notatus
Males

3

23.29 ± 0.82

18.93 ± 1.75

6.99 ± 0.28

4.08 ± 0.31

371 ± 25

1.06 ± 0.53

Females

6

22.47 ± 0.36

18.80 ± 1.31

7.15 ± 0.35

3.75 ± 0.14

310 ± 21

2.26 ± 0.51

Gravid

4

22.64 ± 0.52

19.19 ± 1.18

6.95 ± 0.49

3.82 ± 0.20

323 ± 29

3.00 ± 0.43

Non-Gravid

2

22.14 ± 0.08

18.02 ± 3.08

7.54 ± 0.24

3.59 ± 0.06

284 ± 18

0.79 ± 0.01

All

9

22.74 ± 0.37

18.84 ± 1.06

7.09 ± 0.26

3.86 ± 0.14

330 ± 20

1.86 ± 0.44

For H. mabouia, all measures of body size were
inversely correlated with the average rate of water loss
(all P < 0.005), but morphological data for S. notatus
were not significantly correlated with desiccation rate
(all P > 0.34).
Discussion
Although limited by small sample sizes, our data
nevertheless indicated that water-loss rates in these
geckos are negligible when they are subjected to

Figure 1. Rates of water loss (mg/g/h) by hour in Hemidactylus
mabouia and Sphaerodactylus notatus at Cape Eleuthera,
Commonwealth of the Bahamas.

desiccation for six hours under ambient conditions.
Even the one H. mabouia that experienced the greatest
water loss retained over 97% of its original hydrated
body mass, and the most dehydrated S. notatus retained
over 95% during the desiccation period. The water loss
experienced by all individuals was well below the vital
limits of water loss reported for H. mabouia (24.7%;
Heatwole and Veron, 1977) and several species of
Sphaerodactylus (average 23.7%; Leclair, 1978).
Although exact comparisons are impossible as
methods varied by study, the average rate of water loss
we observed for S. notatus was at the lower end of rates
previously observed in Sphaerodactylus spp. (Steinberg
et al., 2007), which ranged from 1.8 ± 0.14 (Snyder,
1979) to 16.1 mg/g/h (Heatwole and Veron, 1977),
excluding very high first-hour-only rates determined
by Nava (2004). Even when we included data from
Bentz et al. (2011), the only study showing comparable
desiccation rates was by Snyder (1979) on S. beattyi,
which reported ranges of 1.8–2.0 mg/g/h at temperatures
comparable to those in this study, albeit at much lower
humidity (0%).
For H. mabouia, our observed water-loss rate was
much lower than that observed for H. mabouia in Puerto
Rico, which lost 13.9 mg/g/h at 20°C and 55% humidity
(Heatwole and Veron, 1977), but comparable to the
1.12 mg/g/h rate for H. frenatus from Brunei at 20.3°C
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Table 2. Mean rates of water loss (mg/g/h) for Hemidactylus mabouia and Sphaerodactylus

notatus at Cape Eleuthera, Commonwealth of the Bahamas.
Table 2. Mean rates of water loss (mg/g/h) for Hemidactylus mabouia and Sphaerodactylus notatus at Cape Eleuthera,
Commonwealth of the Bahamas.
Hour
Species

n

1

2

3

4

5

6

Hemidactylus mabouia
Males

2

0.85 ± 0.13

1.10 ± 0.51

1.17 ± 0.60

0.44 ± 0.13

0.78 ± 0.31

0.86 ± 0.39

Females

5

0.31 ± 0.15

0.43 ± 0.09

0.57 ± 0.13

0.29 ± 0.06

0.39 ± 0.05

0.37 ± 0.05

Gravid

2

0.58 ± 0.41

0.61 ± 0.43

0.87 ± 0.61

0.42 ± 0.30

0.46 ± 0.32

0.38 ± 0.27

Juveniles

5

2.07 ± 0.67

1.89 ± 0.92

0.25 ± 0.50

0.77 ± 0.54

1.38 ± 0.21

0.01 ± 0.39

All

12

1.14 ± 0.36

1.15 ± 0.42

0.53 ± 0.25

0.51 ± 0.22

0.87 ± 0.17

0.30 ± 0.19

Sphaerodactylus notatus
Males

3

3.01 ± 0.77

2.07 ± 2.35

0.79 ± 0.79

0.40 ± 0.40

0.49 ± 0.49

0.89 ± 0.45

Females

6

7.56 ± 1.17

2.41 ± 2.10

-0.87 ± 0.62

1.70 ± 0.94

0.79 ± 0.86

1.69 ± 1.37

Gravid

4

8.88 ± 1.25

4.99 ± 2.03

-1.30 ± 0.88

1.10 ± 0.65

0.22 ± 0.95

2.12 ± 2.09

All

9

6.05 ± 1.09

2.30 ± 1.51

-0.32 ± 0.54

1.27 ± 0.65

0.69 ± 0.58

1.42 ± 0.90

and 0% humidity (Snyder and Weathers, 1976).
Several explanations could account for the relatively
low desiccation rates we observed, but the most likely
reason is that these animals occur on a drier island than
those examined in most other studies (Blume, 1974).
Reptiles in more xeric environments are generally more
resistant to desiccation than even closely related forms
from more mesic habitats (e.g., Warburg, 1966; Perry,
Dmi’el and Lazell, 2000; Steinberg et al., 2007). These
adaptations can be anatomical, such as decreasing
epidermal permeability to fluids (Cohen, 1975) or
behavioural, such as seeking microhabitats that retain
moisture (Maclean, 1985; Steinberg et al., 2007) or
limiting activity during warmer times of day (Nava
et al., 2001) or year (Dawson, Shoemaker and Licht,
1966).
Nevertheless, as we predicted based on the higher
surface-to-volume ratios of smaller individuals (e.g.,
Heatwole and Veron, 1977; Turk et al., 2010), S. notatus
lost a greater percentage of body mass than H. mabouia
and juvenile H. mabouia lost more than adults. Similar
to results reported by Dunson and Bramham (1981),
the higher mass-specific water-loss rate in the first hour
of desiccation accounted for much of that difference.
Largely because of that substantive difference during the
first hour, these data generally supported our prediction
that H. mabouia would experience lower mass-specific

water loss rates than S. notatus. However, we were
unable to determine whether the insignificant differences
in subsequent hours could be attributed to physiological
plasticity in H. mabouia, rendering it more resistant
to water loss than expected in a nocturnally active
species, or to higher than expected resistance to water
loss in diurnally active S. notatus. Because the latter is
semifossorial and associated with moisture-retaining
microhabitats such as leaf litter (Henderson and Powell,
2009), we tend to favour the initial hypothesis, although
further research will be necessary before any definitive
determination is possible.
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