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Desiccation during water recession at oviposition sites can be a major cause of embryo death 
in clutches of aqual ic amphibians.  However, aquatic eggs of the north-western salamander, 
Ambystoma gracile, can survive out of water for at l east 30 days in the field. Females lay eggs 
surrounded by a firm jel ly matrix which presumably protects embryos from desiccat ion.  In  a 
field study, embryo�; from clutches located either in or out of the water showed no differences 
in  s ize or stage at hatch ing. In laboratory experiments, where genetic effects were contro l led, air 
exposure had no effect on embryo survival rate, s ize or stage at hatching. The abil ity of A. gracile 

to survive prolonged droughts or water recession during embryonic development may be shared 
by other amphibian�:. 

INTRODUCTION 

Desiccation of aquatic habitat� by drought, drainage, 
or abstraction for irrigation, could contribute to popula
tion declines of some amphibian species (Stebbins & 

Cohen, 1 995). Specifically, decreasing hydroperiod at 
oviposition sites can be a major c ause of death to devel
oping embryos. Given that temperature accelerates 
embryonic and larval development (Brown, I 976; 
O' Hara, 1 98 1 ), many species select warm oviposition 
s ites, such as shallow water (Sype, I 975).  However, 
clutches near the surface may have a higher risk of 
death during pond or stream desiccation. 

The gelatinous egg envelope�; of many amphibians 
can help protect the eggs against mechanical damage, 
predation, pathogens, and other damaging agents 
(Seml itsch, 1 988 ;  Waldman & Ryan, 1 983 ;  Ward & 

Sexton, 1 98 I ) : Moreover, eggs in globular masses are 
better insulated and less likely to freeze than individual 
eggs or clumps (Zweifel, 1 968). Arboreal egg masses 
of some tree frogs are encased in leaves which protect 
the eggs from desiccation. These clutches have egg-less 
capsules that provide water for the embryonated eggs 
(Pyburn, 1 980). Some terrestrial and arboreal foam 
nests have dry outer surfaces tha t protect eggs from de
hydration (Coe, 1 974). In many terrestrial salamanders, 
females provide protection against dehydration of eggs 
(review in Jaeger & Forester, 1 993). However, aquatic 
amphibian clutches are usually susceptible to dehydra
tion when they become expos ed to air. Forester & 

Lykens ( 1 988) showed that communal egg deposition 
in Rana sylvatica can partially protect embryos from 
desiccation in aquatic clutches that became completely 
exposed to air. Nyman ( 1 987) also found that 
aggregative egg deposition and the gelatinous matrix in 
Ambystoma maculatum can reduce desiccation in 
stranded egg masses. However, we have found no pre
vious reports of sign ificant survival of single 
amphibian clutches subjected to prolonged exposure to 
air. Our field observations suggest that egg masses of 
the Northwestern salamander (Ambystoma gracile) 
may be able to survive prolonged air exposure because 

its eggs are surrounded by a thick and firm extracellular 
jelly matrix. Eggs are deposited in globular masses 80 
to I 50 mm in diameter and ova are 1 .5 to 2 . 5  mm in di
ameter. Clutch size varies from 40 to 270 eggs 
(Nussbaum et al., 1 983) and volume of jelly per egg is 
approximately 1 2 .5 cm3• 

Ambystoma gracile i s  an aquatic-breeder, and fe
males attach clutches to branches in relatively shallow 
water, usually away from contact with other clutches 
(Nussbaum et al., 1 983 ;  Stebbins, 1 954). Breeding oc
curs from January to March in lowland areas, when the 
water temperature is relatively low. Embryos of A. 
gracile have a relatively long developmental t ime (30 
to 60 days) and can tolerate relatively low water tem
peratures (Brown, 1 976). Slow embryonic develop
ment may make A. gracile clutches susceptible to air 
exposure ifhydroperiod decreases. To test the effect of 
air exposure on embryo survival rate, we conducted 
two laboratory experiments. These experiments were 
used in combination with field observations of clutches 
that became naturally exposed to air. 

MATERIAL AND METHODS 

FIELD OBSERVATIONS 

We made field observations and conducted experi
ments from 20 February to 26 April 1 996 at a pond near 
Fall Creek (Lincoln County, Coast Range, Oregon, el
evation 200 m). Water depth receded more than I m 
from 20 February to 30 March. Between 1 6  and I 9 
March, 20 A. gracile clutches became completely ex
posed to air when embryos were at Harrison 
developmental stages 30-3 5 (Harrison, 1 969). On 1 9  
March, I 0 of the 2 0  exposed clutches were selected at 
random and immersed in the pond water. We left the 
other 1 0  clutches out of water, either naturally stranded 
on land or suspended from branches. Water level in the 
pond never rose again to the level of the clutches lo
cated out of the water. 

On 8 April (after at least 20 days of air exposure), 
seven clutches ( 1 -7) located out of the water and seven 
clutches (8- I 4) located in the water were collected and 
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transported to the laboratory. We covered clutches with 
dechlorinated water in plastic containers (40 x 20 x 1 2  
cm) until hatching, which finished on 1 6  April. On 1 9  
April (after at least 3 1  days of exposure), the last three 
clutches that were out of the water and that remained in 
the field were transported to the laboratory. In the last 
three clutches that remained immersed in the pond, liv
ing embryos had already hatched when clutches were 
collected. Clutches that were out of the water for 3 1  
days were also covered with dechlorinated water in 
plastic containers ( 40 x 20 x 1 2  cm) until hatching, 
which finished on 25 April .  In the laboratory, clutches 
were maintained at a constant temperature of approxi
mately l 5°C.  We recorded the number of dead embryos 
and hatchl ings in each container. Because there were 
empty egg capsules in the outer portions of the jelly 
matrices when collected, we could not estimate embryo 
survival rates for whole clutches. Instead, we calculated 
the survival rate of embryos based on the number that 
occurred in the egg masses when they were collected 
and then compared among treatments. For all larvae, 
we recorded the day of hatching, total length (TL) and 
Harrison stage at hatching. To record total length and 
Harrison stage, we located hatchl ings in small Petri 
dishes and observed them using a dissecting micro
scope. Total length was recorded with a calliper to the 
nearest of 0. 1 mm. 

LABORATORY EXPERIMENTS 

We also conducted two experiments in the labora
tory, to determine whether differences in embryonic 
development and survival existed between clutches lo
cated either in or out of water. We simulated the two 
situations that we observed in the field on clutches that 
became naturally exposed to air after water recession. 
We used 1 2  clutches of A. gracile from a pond that was 
adjacent to the original pond. Embryos were at 
Harrison stages 32-36 at the start of the experiments. 
Immediately before we began the experiments, clutches 
were cut in half and embryos with damaged perivitell
ine membranes were removed. Each half-clutch was 
placed in a plastic container (28 x 1 8  x 12 cm), and as
signed to one of two treatments: air or water. In that 
way, we elim inated in the statistical analysis the vari
ability due to differences among clutches. Stranded 
clutch halves in experiment I (clutches L 1 -6) were 
placed on a solid plastic base 2 cm high. Suspended 
clutch halves in experiment 2 (clutches L 7- 1 2) were 
placed on a metallic grille. The bottom of the grille was 
5 cm above the bottom of the container and larvae 
could pass through the gri lle. In both experiments, con
tainers with clutches assigned to the "water" treatment 
were filled to a depth of I 0 cm with dechlorinated water 
and clutches were completely submerged. Containers 
with clutches assigned to the "air" treatment, were 
filled to a depth of I cm with dechlorinated water to 
permit hatchling survival after they dropped from the 
clutch to the bottom of the container. In the"air" treat
ment, clutches had no contact with water and were 

completely exposed to air. Water was replaced weekly 
and was not artificially aerated. Containers had no lids. 
Experiments were conducted at a constant laboratory 
temperature ( 1 5°C) and clutch temperature was re
corded in the gelatinous surface of every egg mass. 

We counted the number of living embryos in every 
egg mass at the beginning of the experiment. At the end 
of the experiment, we recorded the numbers of dead 
embryos and hatchlings in each container. Survival rate 
was calculated for each container as the ratio of the 
number of hatchl ings to the initial number of l iving 
embryos. For all larvae, we recorded day of hatching, 
total length (TL), and Harrison stage at hatching. To 
record total length and Harrison stage, we located 
hatchlings in small Petri dishes and measured them un
der a dissecting microscope. Total length was recorded 
with a calliper to the nearest of'O. I mm. After comple
tion of the study, we released all larvae in the ponds 
from which they were collected. 

DATA ANALYSIS 

To compare day at hatching, hatchl ing stage, and 
size among treatments, we used average values for 
every clutch in field observations and half-clutch in the 
laboratory experiments. To analyse the overall effect of 
air exposure on embryos in the field (three treatments: 
20 days in the water, 20 days out of water and 3 1  days 
out of water) we used One-way Multivariate Analysis 
of Variance (MANOVA). Dependent variables were: 
ratio of number of hatchlings to total number of em
bryos after collection, mean day at hatching, m ean total 
length and mean Harrison stage at hatching. We also 
used One-way Univariate Analysis of Variance 
(ANOV A) to analyse the differences among treatments 
in the four variables. In laboratory experiments we used 
One-way MA NOV A for the overall comparison (sur
vival rate, mean day at hatching, mean total length and 
mean Harrison stage) and paired !-tests for univariate 
comparisons. To comply with normality assumptions, 
we arcsine-transformed values of the ratios of number 
of hatchlings to total number of embryos from the field 
observations and the survival rates from experiments 1 
and 2 .  

RESULTS 

CLUTCHES I N  THE FIELD 

There was no overall effect of air exposure on em
bryonic development (Table I ). On average (± 1 SE), 
83 . 1±0.6% of the hatchl ings whose clutches were in 
water for 20 days hatched during the first day after col
lection, compared to 90.9±0 .5% of hatchlings that 
were out of water for 20 days and 96.6±0.3% of 
hatchlings that were out of water for 3 1  days. There 
were no s ignificant differences in the average day at 
hatching between these three groups of clutches 
(ANOVA, F= l .04, P=0 .376), and consequently, labo
ratory conditions did not influence embryonic 
development of clutches exposed to the different treat
ments. 
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TABLE I .  Results of 3 MANOV As that analyse the overall 
effect of exposure to air during embryonic development on A. 
graci/e hatchlings (survival and day, size and Harrison stage 
at hatching). In the laboratory, clutches were stranded in  
experiment I and suspended in experiment 2 .  

e 

Effect df 

Field obs. Residual 4, 1 1  
Treatment 8,22 

Expt. I Residual 4,7 
Treatment 4,7 

Expt. 2 Residual 4, 7 
Treatment 4,7 

1 8  

.§. 1 7 ,5 
Gl .!::! 17  (/) 
Cl 
·= 16,5 :c 0 n; 1 6  
.c 
c: :3 15,5 
E 

F 

37966.4 1 
1 .00 

25702 . 1 3  
2.670 

65072.28 
2 .5 1 

p 

<0.00 1 
0.46 1 

<0.00 1 
0. 1 22 

<0.00 1 
0. 1 3 6  

water 20 days air 20 da�fS air 31 days 
FIG. I .  Mean ± I SE total length of newly hatched A. gracile 
larvae from clutches in (water) and 1)ut (air) of water for at 
least 20 or 3 1  days in the field. ANOV A: F=0. 1 8 1 ,  P=0.836, 
df-=2, 14 .  

The average number of hatch I ings, average number 
of dead embryos and mean rat io of the number of 
hatchlings to the total number of embryos after collec
tion did not differ among the thr·ee groups of clutches 
(Table 2). There was no difference in average body size 
(Fig. 1 ) or in average stage at hatching (Fig. 2) among 
clutches located in and out of the water for 20 and 3 1  
days. 

LABORATORY EXPERIMENT I :  STRA NDED CLUTCHES 

The experiment began on 23 March and hatching 
occurred from 25 March until 13 April .  In clutches ex
posed to air, larvae hatched on average after 7 days 
(range = 2-2 1 days) of exposure. There was no differ
ence in clutch temperature between treatments (Student 
t-test: t=0.703 , P=0.498). MANOV A showed no over-

Cl 44,5 
c: :c 
� 44 .s:. 
70 
§i 43,5 
J! "' 
g 43 "' 
'E 
� 42,5 
c: ., G> E 42 +-���..._�r-�����t--_....���--1 

water 20 days air 20 days air 31 days 

FIG. 2. Mean ± I SE Harrison stage at hatching of A. graci/e 
larvae from clutches located in water or in air, i n  the field. 
ANOV A: F=2.564, P=0. 1 1 2, df-=2, 1 4 .  

1 D Air 
Cl) -
l'G 0,9 ... 
iii IJ Water 
> 0,8 ·� 
::J 0,7 Ill 
0 
� 0,6 

.c 
E 0,5 Cl> Experiment 1: Experiment 2: 

Stranded Suspended 
clutches clutches 

FIG. 3 .  Mean ± I SE survival rate of A. gracile clutch halves 
located in (water) and out (air) of water from Harrison stages 
32-36 in the laboratory. Left: stranded clutches (paired t-test: 
t=O. 1 45, P=0.89 1 ,  df=5). Right: suspended clutches (paired 
t-test: t=2.52, P=0.053, df-=5). NS=P>0.05. 

all significant difference among treatments (Table I ) .  
Embryo survivorship (Fig.3), and mean day (paired t
test: t=2 .477, P=0.056) and mean Harrison stage at 
hatching (paired t-test: t=2. I 56, P=0.084) were not af
fected by air exposure. Mean batchling size was 
slightly smaller for exposed egg masses than for sub
merged egg masses (paired t-test: t=2.647, P=0.046). 

LABORATORY EXPERIMENT 2: SUSPENDED CLUTCHES 

This experiment began on 26 March and hatching 
occurred from 2 April until 1 7  April .  Larvae hatched on 
average after 1 1 .3 days (range = 5-22 days) of exposure 
to air. There was no difference in clutch temperature 
between treatments (Student t-test: t= l .5 1 9, P=0. 1 66) . 
MANOVA showed no overall significant difference 
among treatments (Table I ). Embryo survivorship (Fig. 

TABLE 2. Average (± I SE) number of hatchlings and dead embryos, and average (± I SE) ratio of number of hatchl ings to total 
number of embryos that remained i n  clutches of A. graci/e located in or out of water in the field for at least 20 and 3 1  days. 
NS=P>0.05. 20d-IN = clutches located in water for 20 days; 20d-OUT = clutches located out of water for 20 days; 3 I d-OUT = 
clutches located out of water for 3 1  days. 

20d-IN 20d-OUT 3 1 d-OUT F2.14 
No. clutches 7 7 3 

No.hatchlings 45 .6±6.62 46.7±6.75 28.3± 1 0. 1 1  l .67 NS 
No.dead 1 7 . 1 ±4.69 8.6±4.39 2.7± 7. 1 6  l .29 NS 
Ratio 0 .77±0.05 0.85±0.06 0.88± 0.07 0.38 NS 
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3), and mean day (paired t-test: t=0 .375 ,  P=0.723), 
mean size (paired /-test: t=0.6 1 9, P=0.563) and mean 
Harrison stage at hatching (paired t-test: t=0 .034, 
P=0.974) were not affected by air exposure. 

DISCUSSION 

Several sources of amphibian embryo mortality have 
been reported, including freezing, low pH, UV-radia
tion, pollutants, pathogens and predation (Berri II et al. , 
1 994; Blaustein et al., 1 994, 1 995 ;  Harte & Hoffman, 
1989 ;  Kiesecker & B laustein , 1 995). Moreover, it 
seems obvious that desiccation at oviposition sites can 
be a major cause of embryo death in aquatic breeding 
amphibians. Air exposure in the field could expose 
clutches to increased risk of dehydration (air, sun, 
wind), freezing, mechanical damage and higher expo
sure to UV-B radiation. Forester & Lykens ( 1 988) 
pointed out that communal egg-laying behaviour could 
protect some wood frog, Rana sylvatica, embryos from 
desiccation as ponds dry up. In laboratory experiments, 
they observed an exponential egg mortality rate for ter
restrial exposure, but 1 1  % of eggs were alive after 1 0  
days and 4 %  survived for as long as 1 4  days. This rela
tively long survivorship was attributed to the protection 
of the viscous coating over the surface of the egg mass 
(Forester & Lykens, 1 98 8) .  Nyman ( 1 987) also ob
served that aggregative egg deposition in A. maculatum 
provided protection from desiccation to aquatic 
clutches exposed to the air. A. maculatum egg masses 
that were individually deposited masses or were in 
smaller aggregates did not survive an air exposure pe
riod of 35 days. However, A. maculatum eggs in the 
inner protected masses of the largest aggregates ( 40-80 
masses) survived during that period (Nyman, 1 987). 

Our field observations of A. gracile indicated that 
embryos of individually deposited masses can survive 
inside the jelly matrix out of the water for at least 30 
days. We observed no sign ificant effects on size or 
stage at  hatching due to terrestrial exposure of clutches 
in the field. In the laboratory, air exposure had no sig
nificant effect on embryo survivorship, day of hatching 
or developmental stage of single clutch halves. We only 
found a slight effect on stranded clutches that were ex
posed to air. In these clutches, hatchlings were smaller 
than those from clutches located in the water. A signifi
cant decrease of jel ly-mass volume could have led to 
sl ight differences between treatments. The decrease of 
mass volume could have occurred as a result of the 
halving of clutches in the laboratory experiments. 
However, our fie ld observations indicate that clutch 
volume reduction was not substantial in clutches ex
posed to air. Perhaps the outer jelly envelope provides 
most of the protection from desiccation. More than one 
A. gracile female may deposit a clutch on the same 
branch, but in general, clutches are not deposited com
munally. However, the relatively thick jelly matrix may 
allow A. gracile embryos to avoid water loss and sur
vive drought or temporal water recession. 

Clutches are usually attached to rigid branches or 
sticks and suspended in the water column (Nussbaum et 
al., 1 983 ). When the water level decreases, clutches can 
remain suspended above the water or can become 
stranded on the soil .  If larvae from suspended clutches 
hatch in the air, they could easily fall  into the water and 
survive. Hatchlings from stranded clutches may not 
have access to water unless rainfall  raises the water 
level before the embryos die. 

It wil l  be of interest to discover which other species 
have eggs resistant to desiccation. This capacity of 
clutches to survive desiccation is probably related, 
among other factors, to the structure and composition 
of the clutch jelly matrix. Many amphibains protect 
their eggs with gelatinous m atrices, but the hardness 
and consistency of these matrices is very variable 
(Duellman & Trueb, 1 994 ) .  Thus, many amphibian 
species having eggs surrounded by a jelly matrix may 
not survive prolonged exposure to air. For example, 
Rana aurora eggs laid in the same study pond at the 
same time, had 1 00% mortality during the first three 
days of exposure to air. 
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