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Natterjack toads are associated in B ritain with three habi
tat types: sand-dunes, lowland heaths and upper saltmarshes 
(Beebee, 1 983).  Populations on the latter habitat, mostly situ
ated along the northern shores of the Irish Sea, have been 
relatively l i t t le-studied though they i nc lude some of the larg
est in the country (Bridson, 1 976; Banks & Beebee, 1 988;  
Beebee, 1 989). We have i nvestigated n atterjack breeding 
sites on Priestside Merse, a strip of saltmarsh on the north 
Solway coast that is  about 7 km long and which varies from 
<50 m to about 500 m in width. The area is  dotted with innu
merable shallow saltpans, flood-pools and ditches, some of 
which are used by a natterjack toad population estimated to be 
in  the low hundreds. Common frogs (Rana temporaria) and 
toads (Bufo bufo) a lso occur. 

The ponds of Priestside Merse were systematically 
searched for natterjack adults, spawn and tadpoles during 
May, the peak of the breeding season, i n  1 990. Some observa
tions on pond use were also made in earlier years. Water 
samples were taken from those ponds with healthy spawn or 
tadpoles (classified as successful breeding sites), ponds wi th 
occasional cal l ing males and/or dead spawn (classified as at
tempted breeding sites) and from a range of ponds with no 
evidence of natterjack use.  Conductivity of these samples 
was measured using a WPA meter with glass e lectrode, a l l  at 
constant temperature, and sal init ies expressed as percentage 
seawater (assuming I 00% seawater = 2 .75% w/v NaCl). Dur
ing the winter of 1 990- 1 99 1 ,  further samples were taken from 
a selection of these ponds at monthly intervals, stored at -
20"C, and conductivities subsequently measured as described 
above. 

Natte1jack tadpoles and healthy spawn were found in a dis
crete subset of the saltmarsh ponds (Figure I A), notably those 
with rel atively low sali nit ies (averaging 7 .9% seawater, or 
about 0.22% w/v NaCl ).  The highest salt concentration i n  
which breeding looked l ikely t o  b e  successful was 1 4% 
seawater (0.39% NaCl) :  the lowest was about 0.2% seawater 
(Q.06'7c NaCL essentially freshwater), but I 0 out of the 1 1  
breeding sites showed evidence of some sal ination and most 
were in the range 5- 1 0% seawater (0. 1 4-0.28% NaC l )  during 
the May sampling period. S ixteen unused ponds. which were 

interspersed with the used ones but often at least s l ightly 
closer to the sea, averaged 20% seawater (Q.55% NaCl )  with a 
maximum of 34.6% seawater (0.95 % NaCl) .  Two other un
used ponds, not included i n  the analysis of Fig 1 A, were 
essential ly I 00% seawater. Salin ities of used and unused 
ponds were significantly different by I-test after arcsin trans
formation (1=5 . 29, df= 1 7 , P=0.000 I ) . There were, in 
addition, three ponds in  which breedi ng was attempted but in 
which there was no evidence of success; two of these had oc
casional cal l ing males ( 1 4.6% and 30.2% seawater) and the 
third had some cal l i ng and a single, fungus-infected spawn 
string (73% seawater). 

Sampling the three classes of ponds (successfu l ,  attempted 
and unused) through a winter period confirmed that the differ
ences between them were essentially ones of degree (Fig. I BJ .  
High tides flooded the merse at  various t imes throughout the 
year, but most acutely during the autumn.  Ponds used by 
natte1jacks evidently received these sal ine  flushes, but salt 
concentrations did not reach the levels seen in unused ponds 
or in those in which breeding was probably unsuccessful dur
i ng the spring of 1 990. Freshwater, presumably as rain and 
run-off from in land areas, reduced salinities progressively 
during the winter months though further, relatively minor in
undations were detectable at the height of winter 
(January-February) and more markedly in spring j ust before 
the onset of the natterjack breeding season. Many ponds were 
dry in May 1 99 1 ,  and no samp l i ng was done in June,  but a 
final July sampling indicated the occurrence of a midsummer 
inundation of at least some of the saltmarsh pools. We do not 
know how often midsummer inundation happens at this site, 
but metamorphosis  of toadlets usually occurs i n  June. Suc
cessful ponds averaged about half the salinit ies of attempted 
and unused ones (9 .5%, 1 6 .4% and I 5 .9% respectively) 
throughout the measurement period. 

I t  has been known for many years that natterjacks l iving in 
coastal regions, particularly in Scandin avia,  often breed in 
pools exposed to salt spray or to occasional inundation from 
the sea (e.g. Andren & Nilson, 1 979; 1 985;  Schlyter, Hoglund 
& Stromberg, 1 99 1 )  though the degree of salin i ty has rarely 
been i nvestigated. Exaggerated impressions of salt tolerance 
have arisen from accounts of natterjacks breeding in rock
pools along the Swedish coast because the low salinity of the 
B altic Sea (only about 0.4% NaCl, 1 5% normal seawater, i n  
bays used b y  natterjacks) is  not always recognised by workers 
outside Scandinavia. In l aboratory trials, early 
embryogenesis proved more sensitive to salt tox icity than 
subsequent developmental stages and there were no signifi
cant differences in this respect between B. ca/amiw and B. 

bufo. nor between in land and coastal populations of B. 

calamita in Britain ( Mathias, 1 97 1 ;  Beebee, 1 985) .  Lethal 
l imits for spawn were between 1 5-20% seawater (0.4 1 -0.55% 
NaCl) ,  though tadpoles could survive up to about 25% 
seawater (0.69%) NaCl ) and possibly higher for short periods. 
These corresponded closely to the highest salt concentrations 
at which natterjack reproduction has been recorded in the 
field, both in this and the earlier studies. 

The inundation regime prevalent at Priestside. and prob
ably at other saltmarshes i nhabited by natte1jacks. may wel l  
be crucial to the success of the animal i n  these habitats. Regu
lar episodes of sal ine flooding prevent the development of 
typical freshwater invertebrate communities (Nicol, 1 93 5 )  
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Fig. I .  Characteristics of saltmarsh pools. A :  Numbers of  ponds 

successful ly used by natte1jacks (open bars) or without any evidence 

of use by natterjacks (solid bars). B: Salinity changes between October 

1 990 and Ju ly  I 99 1 in ponds with natterjack tadpoles or healthy 

spawn in  May I 990 (open bars), ponds with occasional cal l ing 

natte1jacks and/or dead spawn in May 1 990 (hatched bars) and ponds 

with no evidence of use by natterjacks in May 1 990 (sol id bars). Data 

are averages from two ponds in each class where error-bars show the 

ranges of the two estimates: where no error bars are present. only a 

single pond was sampled on that visit .  

and thus maintain low numbers of tadpole predators. This is 
of vital importance to a species with small larvae highly vul
nerable to such predation, and in which metamorphic success 
rates are inversely proportional to invertebrate predator num
bers ( Banks & Beebee, 1 988) .  In the Scott ish saltmarsh 
studied by Nicol, invertebrate species diversity was at a mini
mum and macrophytes virtually absent in  the ponds of 
intermediate sal inity and irregular inundation, presumably 
because neither freshwater nor marine species could establish 
for long periods. At Priestside at least seven species of tad
pole predators have been observed (four species of Agabu.1, 

Colrmbetes fuscus. an unspeci fied Drtiscus and Nmenecw 

g/auco) but numbers were generally low ( 0 .  Green. unpub
l ished observations).  Aquatic macrophytes were absent from 
many pools. but water crowfoot (Ra111111c11/11s species) oc
curred in some of the most productive nattetjack ponds on the 
upper merse. Overal l .  fauna! and floral d i versity was much 
less than that regularly encountered in dune and heathland 

ponds. Furthermore, the spring inundation coincides with the 
earlier breeding season of the other Brit ish anurans (Rano 

1e111porari11 and Bufi1 lmfi1) and is l i kely to cause substantial 
mortality of the eggs and larvae of these competitively supe
rior species. which might otherwise domi nate this habitat as 
they do most others ( Banks & Beebee, 1 987 ). N icol ( 1 935)  
noted mortality of  adult frogs, apparently caught out by  high 
spring tides, in  the upper saltmarsh ponds of her study. The 
inundation pattern is  thus ideally suited to natterjack biology, 
reducing predators and competitors but with a period of low
ered sal in ity in  the late spring coinciding with the natterjack 
breedi ng season. A ny development which altered this pattern, 
such as a tidal barrage scheme or embankment and reclama
tion of the upper saltmarsh could well be disastrous for 
natterjacks in  this finely-balanced situation. Final ly, our ob
servations i ndicate that great care is necessary in the creation 
of new natterjack ponds on saltmarsh habitats to ensure that 
the appropriate sal i nity changes are achieved. 
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