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ABSTRACT
( I ) Eggs and larvae taken from coastal and i nland natterjack populations were found to be similar in their
sensitivities to salt water.
(2) Spawn was more susceptible than tadpoles to salt damage.
(3) T he effects of salinities comparable with those experienced during a tidal inundation were rapid, mortali ty
occurring within the first 1 -2 hours of exposure.

INTRO DUCT ION
S u rvival rates during e mbryoni c and larval
development are commonly thought to be crucial
factors governing overal l sizes and age structures of
amph ibian populations. I n the case of the natterjack
toad Bufo calamita, two aspects of breeding site
chemistry have so far been identified as having ·
signifi cant i mpacts on the reproductive success of wild
popu l at ions. These are: (i) pH, which can fal l low
enough at some h eathland sites to cause catastrophic
spawn mortality (Beebee and Griffin , 1 9 77); and (ii)
total salinity, which can rise to lethal levels following
tidal surges into e xposed coastal pools and marshes. I
have i nvestigated the tolerances of spawn and tadpoles
from two widely separated natterjack populations to
various degrees of seawater contamination; one site
was coastal in north-west England, with a small
natterjack population breeding i n a singl e , large pool
close to the h igh-water mark and regularly subjected to
salt spray as well as (wi nter) t idal inundation. The
second was on h eathland in southern E ngland and
separated from the sea by n early 30 km. Two m a i n
a i m s of the work were: ( i ) to ascert a i n whether
selection pressures had let to genetic differences
between the' two populations in the salt tolerances of
their developmental stages. S uch differences, or lack of
them , could be relevant to future n atterjack
translocations. ( i i ) To establish whether it is possible to
rescue spawn fol l owing t idal inundation, and how
quickly this needs to be done for a h igh proportion of
the embryos to survive.

MAT E R I A L S AND METHODS
Spawn was col lected from each of t h e two sites
wit h i n 24 hours of deposition, and experiments started
within a further 24 hours. Short ( 1 00 egg) sections were
clipped from the ends of at least 4 separate strings at
each s i te in each of t h e two study years, to ensure as
good a genetic m i x of material as reasonabl y possible.
Both colonies are thought to contain fewer than 50

females. Seawater was collected from Brighton beach,
fi ltered through a glass s inter and stored at 4° (for no
longer than 1 month) prior to use. Conductivity
measurements indicated that the sali nity of u ndiluted
seawater was equivalent to about 2.75 per cent (w/v)
NaC l .
Natterjack spawn was cut i nto sections of 1 0 eggs,
and batches from a l l strings sampled from a particular
population m i xed together. 10 eggs were then selected
random l y , p laced in plastic tanks containing 2 litres of
various dilutions of seawater, and left to develop at
ambient temperatures. Any part i cular tank therefore
contai n e d one secti o n of spawn ( 1 0 ova) from one
particular female. Controls were carried out allowing
development in tapwater. Numbers of eggs or tadpoles
surviving to particular stages of development, or for
predefined t imes, were then noted together with the
occurence of physical or behavioural abnormalities.
Tadpoles were fed on rabbit pel lets ad libitum (Beebee,
1 983). At the end of the experiments, tadpoles or
toadlets were rel eased at their s ites origi n . In some
cases, spawn was allowed to develop for fixed periods
in water of particular sal i nities and then transferred to
tanks with 2 litres of tapwater to monitor subsequent
development.
RESULTS
I n the first year of study, tolerance l i m its of spawn ,
small ( 1 2 m m ) and l arge (20 m m ) tadpoles from the
two populations to various degrees of salinity were
determined (!able 1 ). Differences between the two
populations show no particular trend and are probably
trivial. S pawn was k illed by 1 5-20 per cent seawater
(0.4-0 . 5 5 per cent NaC 1 ), though often not until
arou nd the hatching stage. 25 per cent seawater
(0.7 per cent NaC l ) prevented all development of the
embryos. Tadpoles were more resistant, some even
surviving for a week in 30 per cent seawater (>0 . 8 per
cent NaC I); there did not appear to be any major
difference between small and large tadpoles in this
regard, t hough the latter may have been marginally
more tolerant of the salt.
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Population Locality
Conditions

Inland

Coastal

Tapwater (control)
Seawater ( a s percentage o f
undiluted)
5%
10%
15%
20%
25%
30%
35%
40%

ova

1 2 mm
Larvae

20 mm
Larvae

ova

12 mm
Larvae

20 mm
Larvae

10

10

10

10

10

10

10

10
10
9
9

10
10
10
10
10
5
0
0

10
8
10
0
0
0
0
0

10
10
10
10
10
0

10
10
10
10
10
0
0
0

8

10
0
0
0
0
0

0
0
0

TAB L E I .

o·

0

Effects of increasing sal inity on egg and tadpole survival

10 ova or tadpoles were placed in each tank at the start of the experiments. Figures given are the n u mbers surviving 7 days later.

In the second year of the study, two salt
concentrations known to be u ltimately lethal to spawn
(25 per cent and 75 per cent seawater) were used to
probe further any possible differences between the two
populations. Spawn was exposed for various periods
before being removed and placed in tapwater to assess
recovery during the remainder of developmen t . 25 per
cent salinity might result in a pond from a period of
heavy storm spray; 7 5 per cent levels, or higher, can be
reached following h igh tide inundation. Results of
these experiments are shown in Fig. l . Again,
differences between populations appeared to be s m a l l
a n d insignificant. Low-level salinity c o u l d be tolerated
for at least 8 hours with no loss of spawn viability,
though this had begun to drop by 24 hours . The effects
of 7 5 per cent seawater were much more rapid. O n ly
for the first 1 5 m inutes or so was the s pawn completely
10rt<,>-A--llr----a.�

recoverable; within an hour it had been damaged to the
extent that later hatch rates were reduced s lightly (to
70- 1 00 per cent normal) and subsequent development
showed fu rther reduced viability to 40-90 per cent. By
2 . h ours the hatch rate was down to 0-50 per cent and
ultimate survival 0-30 per cent.
A tadpole abnormality associated with exposure of
spawn to i m m ediately sub-lethal salt conditions was
also observed. It occurred in 10 individuals, only 1 of
which later recovered and seemed to develop normally
(Table 2). The condition involved a prolonged post
hatch phase in which the tadpoles grew broader than
usual but remained essentially immobile, followed by
more normal morphogenesis but with a severe (>90°)
horizontal kink at the base of the tail. Affl icted
tadpoles could not swim properly but nevertheless
grew normally in terms of total bulk and body
proportions. t hough in the wild they would no doubt
have difficulty obtai ning food and be highly vul nerable
to predat ion.
DISCUSSION
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EXPOSURE TIME
Fig. I .

(HpURS)

Effects of salt exposure time on spawn hatch rates.

Spawn sections were placed i n either 25 per cent o r 75 per cent
(v/v) seawater. allowed to stand for various t imes, and
transferred to tapwater tanks for subsequent development • .
Coastal site spawn in 25 per cent seawater; • . coastal site
spawn i n 75 per cent seawater; I>. inland site spawn i n 25 per
cent seawater; O inland site spawn i n 75 per cent seawater.
•

,

The sensitivities of natterjack tadpoles to saline
condit ions observed in the two populations examined
here was broadly similar to those found by others.
Mathias ( 1 97 1 ) used tadpol es from another coastal
colony in north-west England and found malformation
at 20 per cent seawater and complete kill at 25 per cen t.
Andren and Nilson ( 1 979) investigated a Swedish
island populat ion and determi ned that larvae were
k i lled by between 7- 1 1 per cent salinity (25-39 per cent
seawater). N either of these studies compared the
sensitivities of spawn and tadpoles, and evidently t h e
former is the more vulnerable constituting the limit ing
factor for reproductive success in a brackish
en vironment. I t looks, however. as if selection has not
operated to increase the salt tolerance of coastal
populations relative to those inland. There are at l east
two possible explanations for this: (i) coastal
natterjack populations usually have a variety of
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Population Locality

Time o f Spawn
Exposure (hours)
Coastal
Hatch

Abnormal

I nland
Large

H atch

Abnormal

Large

Tadpole

25% Seawater:

Tadpole

0 Exposure

10

0

10

10

0

10

8 H ours

10

0

8

10

0

10

24 H ours

8

5

5

5

75% Seawater:
10

10

0

10

10

0

1 Hour

7

3

4

10

0

9

2 Hours

0

5

2

3

0.25 H ours

TABLE 2.

Survival of larvae after various spawn exposure times in saline media.

Experiments used batches of 10 ova, and figures refer to numbers of these surviving to hatch and to large (25 mm) tadpole stages.
Numbers of tadpoles showing obvious signs of abnormal development are also given.

breeding pools at their disposal, many or most of
which (in the case of dune slacks) are never inundated
by the sea and remain completely fresh at all times. The
colony selected for this study does not now have such a
choice, but its restriction to one exposed breeding
pond may be relatively recent following urban
development in the surrounding area. Some other
coastal colonies, notably in Cumbria, frequently
experience inundation and total loss of spawn in
particular ponds but these are only one or a few sites
out of several or many used by the population as a
whole, so selection is unlikely to be intense. (ii)
Inundations are often followed by a rapid refreshening
of the pools, within a day or two of the high t ide, due to
the continuous run-off of freshwater from h igher land.
This effect must be even more marked when only salt
spray is involved, probably explaining the observations
of Hardy ( 1 974) of both Bufo calamita and B. bufo
tadpoles apparently thriving at l per cent salinity in the
coastal pond of the present study. Such salt
concentrations would be lethal if maintained for many
days or weeks, but tolerable for shorter periods .
Mathias ( 1 97 1 ) found common toad tadpoles to be
only s l ightly less tolerant of salt than those of the
natterjack, and Hagstrom ( 1 98 1 ) noted B. bufo
tadpoles thriving at 0 . 3 5 per cent NaC l in Norway.
Not only can temporary salination be accompanied
by natterjacks, but such events may even be
advantageous in some circumstances . The scouring of
a pond by saltwater not only puts natterjack spawn at
dsk, but is also likely to kill off invertebrates (potential
tadpole predators) and the tadpoles of other early
spawning anurans (potential competitors). The
protracted breeding season of B. ca/amita means that if
some s pawn of this species is lost at the same time,
there is every opportunity for more to be laid in a
refreshed pond empty of predators and competitors.
This kind of sequence of events certainly happens at
some coastal natterjack sites in Cumbria.
It is doubtful whether other natterjack populations.
at least in Britain. have been separated for longer
(probably > ! OOO generations) o r subjected to greater
selective pressures than those compared here. On the
basis of this particular parameter there would seem to

be no reason why natterjacks could not be translocated
from coastal to i nland sites or vice-versa, though of
course there could be other as yet unrecognised
differences between populations on dunes and heaths.
For more immediate conservation purposes, the rapid
destruction of embryos caused by concentrated salt
solutions comparable with seawater means that any
rescue of spawn from inundated s ites would need to be
carried out more or less at the time of the event for it to
be worthwhile. In some cases this may be possible,
but there would clearly be little point in, for example,
moving spawn i n the morning following a tidal surge
sometime the previous night.
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