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R EV I EW: 
A R EV I E W  OF THE SMOOTH N EWT ( TRITURUS VULGA RIS) SUBSPECI ES ,  

I NC L UD I N G  A N  I D E NTIFI CATI O N  KEY 

C. J. R..\.'\ WO RTllY 

/)ep11rt111c111 of liiolog1·. The Open l 111ireni1r .. \/i/1011 f.:1Tlll''" ,\/A" 7 li.-1.·f. 1:"11g!ru11/. 

(·ll"Cl'f'/er/ /8.8.89) 

A BSTR A CT 

A taxonomic rev1s1on of the Smooth Newt. Tri111rns l'lllgaris leads to the recognition or seven subspecies: 
T. 11• l'lllgaris. T. 1•. 111cridio11alis. T. r. grncc11s. T. 1·. /ant::i. T. 1•. a11111c/c11sis. T. 1'. kos.1·11·igi and T. 1·. sc/1111id1/cmm111 .  
T. 1•. horcalis and T .  1•. tataicnsi.1 arc considered t o  b e  synonvms o f  T. r .  rnlgaris. A n identification kev and upd;1tcd 
dist ri but ion map is prnvicled These subspecies a re rccogn is eel bv cha r;1cters which reprcsen t non-independent 
p;1ttcrns of r;1cial 1·;1riation. prolx1hh· produced as a dirL'Ct consequence of :1llnp;1tric divergence in isolated ghc ia l 
rcfugia. Based nn the biological -;peciL'S concept there can be no _just ification in raising these t;1.xonnmic units tn 
species r;1nk. 

I NTRODUCTION 

The recognition of subspecies has ahv;1ys been 
considered to be of importance to taxonomists 

working on European Salamanclricls. Many species 
show clear racial differences between geographical 
areas, particularly wi th in  the genus Trit11rns (see 
Thorn. 1 968) .  At present there arc over 30 described 
subspecies of European newts. a l though this will 
certai nly be reduced fo l lowing a fu l l  rev is ion of the 
group. The Smooth newt Tri111ms l'lllgaris 1 s 
except ional among the Trit11rns species in that the 
degree of secondary sexual character variat ion seen 
between subspecies is far greater than that found in  the 
other 1 1  species . This  has resu l t ed i n  the descr ipt ion of  
many T. vu/garis subspecies and. in the pas t .  some 
considerable taxonomic confus ion .  

The a ims of th i s  paper are to  review and revise the 
subspecific taxonomy of the Smooth newt ,  Tri111rns 
v11/gari 1, and discuss the values and applica t ions of the 
subspecies concept .  This  taxonomic study represents 
part uf a more detailed comparat ive invest igat ion of 
the subspecific evolut ion of cour tsh ip behaviour and 
seconda ry sexual characters in the Smooth Newt 
( Raxworthy , 1 989 and in prep . ) . 

A H ISTOR ICAL  SUMMARY 

The original descriptions of the T. vulgaris subspecies 
were based on museum mater ia l  which was considered 
to show s ign ificant va riat ion between different 
geograph ical populat ions .  Usually ma terial was 
availab le  to  museum taxonom ists in only very small 
samples ,  and th i s  has somet imes resulted i n  subspecies 
having been described based on ins ignifican t  varia t ion . 
Male secondary sexual characters have been used 
extens ive ly to  recognise racial varia t ion ,  i ndeed most 
racial varia t ion i s  rest ricted to these characters in 
T. vu!garis. These secondary sexual characters include 
the crest ,  t a i l  t ip ,  toe flaps,  body cross sect ion ,  clorso-

lateral folds and pigmentation ol" the male (f'ig. 1 ) . 
However all these features only fully develop during 
the breeding season when newts arc aq uat ic . Unless 
ful l y  developed thev are of little taxonomic value. This  
problem is discussed by Steinitz ( 1 965) in relation to 
T. vi1 1a1 11s t<1xonomy.  He found that only two of the 
five described subspecies were i n  fact valid and blamed 
earl ier  workers for using small samples and animals 
which were clearly out of full breeding condit ion .  

donohtua.lfold 
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Triturus rn/garis. 
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Secondary sexual characters such as the crest .  toe 
flaps and ta i l  fi lament may all regress over a mat ter of 
clays i f  an imals are kept under s tressful condi t ions or 
starved. Also, these cha racters are not fully developed 
at the very start and end of the  aquat ic  breeding period 
(Verrell , Halliday and Griffi ths ,  1 986; Griffi ths and 
Mylotte ,  1 989) .  

T. v11/garis was original ly described by L i nnaeus in 
1 758 wh ich he  p laced i n  the genus Laccrta with the 
European l i za rds . H is form became the fi rst nominal 
subspecies upon the discovery more than one hundred 
and t wenty years later of the next subspecies, 
T. v. meridiona/is which was described by Boulenger 
( 1 882) . At around the turn of the century many more 
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SUBSPECIES ORIGIN/\L NAME 1\1 D SYNONYMS 

Trir11rus l'lllgari.1· l'lllgaris l.accrra l'lllgaris (Linnaeus 1758) 
Triton 1•11/garis subsp. lrf1ica forma Ka111111crcri (Woltcrstorff 1907) 
Tri1011 l'lllgaris forma Schreihffi (Woltcrstorff 1914) 
Tri 111rus 1'11/garis horca/is Ka u ri 1959 
Trifllru.1· rn/garis tataimsis Dclv 1967 

Tritums rn/garis 111cridio11a/is Molgc 1•11/garis s uhsp. 111cridio11a/is (Boulen!!cr I 882) 
.\fo/gc \'11/garis subsp. kaf1clrma (Mchclv 1905) 
Mo/gc \'11/garis Bo11/c11gcri (Dunn 1918) 

Trirur11s \'11/garis graccus Tri1011 \'11/garis suhsp. gracca (Woltcrstorff 1905) 
Tri ton \'11/garis subsp. gracca form a 1·orcrre11si.1· ( \Voltc-r'1or!T 1908) 
Tritm1 1•11/gari.1 subsp. gracca forma Tonl!lsinii (vVtJltcrstorll 1908) 

1-fvhricl T r. rnlgaris x T I'. gmcrn.1 Tri1011 l'lllgaris subsp. dal111!111tirn (Kolomb;1tm ic 1907) 
Tri1011 l'lllgaris suhsp. i111cm1edia (Kolomh;1to1·ic: 1907) 

Tri111rus 1•u/gari.1· /a111::i Tri111rus ru/gari.1 subsp. npica forma f_11111::i (Woltcrstor!T 1914) 

Tri111rus rnlgaris !llllfl!'lcnsis Tri111rus rn/garis (/lllf'C/c11.1is ruhn 1951 
Tritums rnlgaris rnlgaris (;1111pclcnsis-form) Ful111 a n d  frc·1·tag 1952 

Tri111rus rn/garis kos.1·11·igi Trifllru.1· l'lllgari.1 ko.l.l'll'igi rrcytag 1955 

Tri111rus l'u/garis sclu11id1/craru111 Triturus 1·11/garis sc/1111id1/eri R a x ll'ort hv 1988 

TABLE I: Original subspecific na mes  a n d  post-1882 svnonvms of T 1·11/garis. 

subspecies were described. The most prol ific taxonomist 
of  this t i me was Wolterstorff who described i n  al l  a 
total  of five forms. al though only two are s t i l l  
recognised.  The post- 1 882 synonyms are  g iven on 
Table I for a l l  recognised subspecies. Al l  earl ier 
synonyms refer to the nominate form and a re g iven by 
Mertens and Wermuth ( 1960) .  A brief summary of 
recen t  t a xonomic changes s ince then is given below: 

Mertens and Wermuth ( 1 960) i ncl uded T. ita!iC11s as 
a subspecies of T. vulgaris, despite the deta i led and wel l 
i l l us t rated descript ion given by Peracca ( 1 898a,b) who 
righ t l y  considered this to be a good species. Mertens 
and Wermuth 's taxonomic view was fol lowed by 
Steward ( 1 969) in his review of the European Urodeles. 
However Mancino ( 1 96 1 )  provided strong evidence 
that T. ita!irns was a good species based upon h is 
hybridisat ion exper iments between T. ita!iC1 1s and 
T. vu!garis. This was supported by Thorn ( 1 968)  who 
gave T. italicus species rank i n  h i s  review of Tri/llrus 
and th i s  has been fo l lowed by a l l  mo re recent s tud ies. 

Thorn ( 1 968) recognised al l the present ly  subspecies 
wi th  the  except ion of T. v. schmidt/crorum (wh ich had 
not  been decribed t hen ) and a lso T. v.  tataiensis (which 
had only just been described by Dely i n  1 967) .  He also 
i nc luded three other subspecies :  T. v.  schreiberi. 
T. v. dalmaticus and T. v. borea!is. 

The s i tuat ion regardi ng the  Dalmat ian coast 
T. vu/garis subspecies remained confusing with five 
subspecies having been described from th i s  region of 
Yugos lav ia .  This is especia l ly  evident when referring to 
the descr ipt ions given by Steward ( 1 969) for 
T. 11• dalmaticus,T v. graeC11s and T. v. schreihcri. The 
d i fferences he g ives (based on the original descript ions) 
are str ik i ngly unconvinci ng. Schm idt ler and Schmidt ler 
( 1 983) fina l l y  resolved the  taxonomic status of these 

forms by mak ing a deta i led survey of the Adriat ic 
region .  They considered T. v.  schreiberi to be a 
synonym of T.v. vu!garis, which they found establ ished 
in the type loca l i ty  area. T. v. da/maticus and 
T. l'. inll'rmedia are considered to be forms col lected in 
the in tergradat ion zone between T. v.  vulgaris and 
T.v. graecus. wh i le T. v.  romasinii i s  a synonym of 
T.v. graecus (Schm idt ler and Schmidt ler 1 983) .  

The lat est subspecies to  be described is  
T. l'. schmidtll'rorum col lected from Turkey ( Rax­
worthy. 1 98 8) .  It had been suspected earl ier to deserve 
subspecifi c  status by both Eiselt ( 1 966) and Schmidt ler 
and Schm idt ler ( 1 967) ,  a l though t h is view was not 
supported by Ozet i  ( 1 964). The subspecific name of 
th i s  subspecies has been changed from Trirurus vulgaris 
schmid1 frri to Triturus vu!garis schmidtlerorum. because 
th is subspecies was named after two people :  J. J. 
Schmidt ler  and J. F. Schmidt ler and therefore the 
orig inal subspeci fic name was grammatical ly i ncorrect 
( Raxworthy .  1 989). 

A populat ion of T. vu/garis discovered in the Sava 
Va l ley. north Yugoslavia ,  resembles the nominate 
form but  may deserve subspecifi c  status (Schm idt ler 
and Schm idt ler 1 983) fol lowing further studies .  There 
is also a possib i l i ty  that specimens from the Danube 
basi n  may also represen t  another new subspecies 
(Schmidt ler ,  pers. corn . ) .  

P ROPOSED R EVIS ION 

Trirurus vulgaris borealis Kaur i  1 959 
T. \'. horea!is was recognised by i t s  l ow cres t ,  sma l ler 

body spots, general marked ' longi tudina l  r idges' on 
the  back and i n  some spec imens  a th read l ike 
appendage (G i lsen and K au ri 1 959) .  The descr ipt ion 
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was based on 1 1  males caught i n  Northern Sweden .  I 
have examined s i x  specimens of T. v. borea/is k indly 
loaned t o  me by J .  E lm berg which were col lected from 
Stokarret (Skel leftea) ,  A lnbn ( Medelpad) ,  Vindel­
gransele ( Lyksel le) and Str igstjarn (Sabra) .  There is no 
evidence of t rue dorso-lateral folds or a ta i l  fi lament 
(as defined by Raxworthy. 1 988)  and body pigmentation 
does not  d iffer s ignificant ly  from the nominate form.  
The crest however is s l ight ly lower (mean = l .4mm, 
n = 6) than that seen i n  good breed ing condit ion males 
from England (mean= 2 .5mm , n = 1 9 ) ,  a l though the 
smal l  sample s ize does not a l low a firm conclusion to  
be made on th i s .  Kaur i  found that  th is  northern race i s  
subject to  a poor d iet and has  a shorter period of  
act iv i ty t han  populat ions further Sou th .  Crest 
deve lopment i s  known to be dependent upon food 
ava i lab i l i ty  (Ha l l iday, 1 977 )  and therefore the sl ight ly  
l ower crest seen i n  T. v. borea/is might be d ue to loca l 
environmental factors .  Translocation experiments 
would readi ly support or reject this hypothesis. 
However based on the mater ia l  examined I concl ude 
that  these specimens belong to the nominate 
subspecies. 

Triturus vu!garis tataiensis Dely 1 967 
Dely ( 1 967) described a paedomorphic subspecies 

T. v. tataiensis from Tata. Hungary. The adul ts  had 
external gi l l s  and the males had poorly developed 
secondary sexual characters. This paedomorphic 
cond i t ion .  which is seen in T. v11/gari.� is most su i tab ly 
be described as facultat ive part ia l  neoteny ( Raxworthy, 
1 989,  i n  prep. ) .  From the descr ipt ion of T. v. tataiensis 
i t  is clear that i t  is separated from the nominate form by 
paedomorphic features only .  Paedomorphic specimens 
examined during th is  study from Smil ic .  Yugoslavia. 
show s imi lar fea tures. a l though they belong to  the 
nominate subspecies. 

The paedomorphic and metamorphic cond i t ion 
represen t  the two states of a polymorph ism.  The 
phenotypic expression of the paedomorphic condi t ion 
is known to be affected by envi ronmental condi t ions 
(e .g .  Gabr ion ,  Sente in and Gabrion. 1 977) .  s ince 
paedomorphs usually undergo metamorphosis when 
subject to laboratory condi t ions. The unstable nature 
of the  paedomorphic condi t ion and the fact that i t  on ly  
represents a di fferent morph wi th in a populat ion 
i nval idate the use of th i s  character being used i n  
taxonomic st udies regard ing the  descr ipt ion of 
subspecies. The paedomorphic T. v. v11/garis described 
by Dely ( 1 967 )  as T. v. tataiensis should t herefore be 
rejected unless other evidence can be produced which 
demonstra ted clear d ifferences between t h is form and 
the nominate s�1 bspecies. 

G is len and Kaur i ( 1 959 )  for s im i l a r  reasons 
quest ioned on what basic Radovanovic ( 1 95 l a) 
d is t ingu ished h i s  new paedomorphic subspecies of 
T. alpestris. They presumed i t  was because these 
an ima l s  were permanently paedomorphic ,  a l though i n  
fact Radovanovic ( 1 95 1  b )  h imself reports t ha t  some 
capt ive animals d id  undergo part ia l  metamorphosis 
before they died. Rocek ( 1974), Gabrion et al ( 1 977 )  
and Breu i l  and Thuot  ( 1 983 )  a l l  have considered 
paedomorphosis to  be an unrel i able ind icator of 
subspecific s tatus for Triturus newts, and B reu i l  and 

Gu i l laume ( 1 984) have found the electrophoretic 
studies were unable to  separate the metamorphic form 
from the paedomorphic form .. 

THE TRITURUS VULGARIS SUBSPECI ES 

A total of seven subspecies a re recogn ised in th is  
s tudy.  These a re :  
Tri111rus v11!garis v11/garis ( L innaeus 1 758 )  
Tri111rus v11/garis meridionalis ( Bou lenger 1 882 )  
Triturus v11/garies graecus (Wolte rstorff 1 905 ) 
Tri111rus v11/garis /antzi (Wolterstorff 1 9 1 4) 
Tri111rus v11/garis a111pe/c1 1is Fuhn 1 95 1  
Tri111rus v11/garis kos.1·11·igi Freytag 1 955  
Tri111rus v11/garis sch111idtleron1111 Raxwort hy 1 988  

A brief descr ipt ion of the seven recognised 
subspecies is  presented below. Because rul ly developed 
male secondary sexual chara cters are used to 
d is t inguish subspecies. only t hese features a rc 
considered here. Body s ize is not a d iagnostic feature of 
subspecies ( Raxworthy.  1 988 ) .  Because of the wel l  
known d i fferences in  body s ize between populat ions of  
newts ( Bel l .  1 966. Tucic and Kalezic. 1 984. C l i fford . 
1 986)  body size is cons idered to be la rgely i nnuenced 
by local environmental factors. 

Tri111rus \' 11/garis v11/garis ( Linnaeus 1758)  
Common Smooth newt 

The dorsal crest is h igh a long the body (> l .Omm at 
m id-body) and deeply notched by rounded dent i­
cu la t ions .  There is no  ta i l  fi lament , the ta i l  usual ly 
tapers t o  a blunt end .  There are no  dorsal-lateral folds .  
The body cross sect ion is rounded. The toe naps a re 
modera tely or poorly developed . Fig. 2 and Fig. 8 .  

Triturus v11/garis meridiona!is (Bou lenger 1 882 )  
Southern Smooth newt 

The dorsal crest is low and smooth edged (< l . 5mm 
at m id-body) .  The  ta i l  tapers to a fi ne po in t  but  there is 
no ta i l  fi lament .  Weak dorso-lateral folds a re presen t .  
The body cross sect i on i s  square-shaped dorsal ly .  The 
toe naps are strongly developed. Fig. 3 .  

Triturus vu!garis graecus (Wolterstorff) 
Balkan Smooth newt 

The dorsal crest i s  low (< l .Omm at m id-body) and 
smooth edged. The ta i l  ends i n  a long fi l ament .  The 
dorso- lateral folds are strongly developed and the 
body cross sect ion square-shaped dorsa l ly .  The toe 
naps are strongly developed. The lower margin of the 
ta i l  fin is usua l ly  unspotted. The bel ly has many smal l  
spots .  Fig. 4. 

Triturus vulgaris lantzi (Wolters torff 1 9 1 4) 
Lantz's Smooth newt 

The dorsal crest i s  of med i um height (> I .Omm at  
mid-body) and dent iculated by a lmost sp ine shaped 
serrat i ons .  The ta i l  gradual ly tapers to a long fine 
thread (but there i s  no tai l  fi lament  as defined by 
Raxworthy, 1 988 ) .  No  dorso-latera l  folds .  The body 
cross sect ion is  s l ight ly square-shaped dorsal ly .  The 
toe naps are moderately wel l-developed. Fig. 5. 
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Fig. 2 T. 1·. vu/garis. Oxford. England. (T. R. Hallidav). 

Fig. 3 T 1'. 111eridio11a/is. Torino. Italy. (C. .I. Raxworthy). 
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Fig. 4 T. I'. gra1·rns. Vil11si. Yugoslavia. (C. .I. Raxwnrthy). 

Fig. 5 T. I'. !ant::i. Tbilisi. U.S.S.R. (B. Ardabyevski). 

485 
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Fig. 6 T v. ampe/cnsis. Valea Dosului, Rumania. (D. Cogalniccanu). 

Fig. 7 T v. kos.migi. Adapazari. Turkey. (C. J .  Raxworthy). 

-.. 
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Fig. X T. 1·. 1·chl/lidrl<'rnrt1111. Karacahcv. Turkcv. (C. . 1 .  R:IX\\'<lrthv). 

Fig. 9 Top: T. 1·. rn/garis. Milton Kevnes. England. Bottom: T. 1•. sc/1111id1/eran1111. Karacabcy. Turkey. (C. .I. Raxworthy). 
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Triturus vu/garis ampelensis (Fuhn 1 95 1 )  
A puseni Smooth newt 

The dorsal crest is of med ium height (>l.Omm at 
mid-body) and weakly dent icu lated by rounded 
serrat ions .  The tail gradual ly tapers to a fine  thread 
(but t here is no ta i l  fi lament) .  There are no dorso­
lateral folds. The body cross sect ion is s l igh t l y  square 
dorsal ly .  The toe naps are large and wel l developed. 
Fig. 6 .  

Triturus vulgaris kossirigi ( Freytag 1 955)  
Kosswig's Smooth newt 

The dorsal crest is  smooth edged and very low on the 
body (< 1 .0mm at  mid-body) but h igh at the basal area 
of the ta i l .  The ta i l  ends in a long ta i l  fi lament .  There 
are s trongly developed dorso-lateral fo lds and the 
body cross section is square-shaped dorsa l ly .  The toe 
naps are broad and very wel l  developed. Fig. 7 .  

Triturus vu!garis schmidtlerorum ( Raxworthy 1 988) 
Schmidt ler's Smooth newt 

The dorsal crest is of med ium height (>2.0mm at 
mid-body) and dent iculated by a lmost spine shaped 
serrat ions .  The ta i l  gradual ly tapers to an e longated 
point (but no ta i l  fi l ament ) .  There are no dorsa l-latera l 
folds but  the body is s l ight ly square-shaped dorsal ly. 
The tow naps are only very weak ly  developed. Fig. 8 
and Fig. 9 .  

Fig .  10 shows the  geographical distribu t ion of each 
subspecies based on the distribut ion information given 
by Schm idt ler and Schmidt ler ( 1 967 ,  1 983) ,  Kalezic 
( 1 983), Sparreboom and A rntzen ( 1 987) and Tark-

� L:...:...:l 
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vulgaris 

meridionalis 

� ompclcnsi.r 

E3 graccus 

1�: j � j � (I schmidc/uorum 

ITIIill kosswigi 

�la1111i 

Fig. 10 The subspecies distribution of T. 1•11/garis. 

hnishvi l i  ( pers. comm. ) .  A very s imi lar distribution 
map is  given by Macgregor, Sessions and Arntzen (in 
prep. ) .  

A I DENTI FICATION KEY 

This key w i l l  on ly  ident ify aquatic males which are i n  
fu l l  reproductive condi t ion .  I t  is preferable that 
material exami ned should not have been kept in 
captivi ty for more than 48 hours prior to examinat ion 
since important diagnost ic characters such as toe naps 
and crest dent iculat ions may start to regress qu ickly 
under some condi t ions .  The feat ures used in  this key 
can al l be examined readi ly on l ive unrestrained 
aquat ic an imals ,  but  the  key works equal ly wel l with 
museum material provided that the  secondary sexual 
characters are fu l l y  developed. This can be determi ned 
by examinat ion of the crest and toe naps .  In a l l  
subspecies, one of t hese characters is a lways well 
developed for an imals  in fu l l  breed ing condi t ion .  
Occasiona l ly  animals may have suffered natural 
damage to the ta i l  t i p .  Under these circumstances it is 
best to avoid using the tai l  t ip  features in the key. 

The crest is obviously dent iculated a long the body. 
Fig. I l (a,b) . 2 
The crest is approx imately smooth edged along its 
ent ire length. Fig. I l (c ) .  4 

2 The ta i l t i p  gradua l ly  tapers to a fi ne point .  
frequent ly with a very fi ne thread l ike end.  
Fig. 1 1  (d) . The body cross sect ion is s l ight ly squares 

. -·� . · . . � . 
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shaped dorsally, Fig. I I (j) . The crest dent icu lat ions 
may be poin ted. Fig. 1 l (a), o r  rounded, 
Fig. I l (b) . 3 
The ta i l  t ip usual ly tapers gradual ly to a blunt  poin t ,  
F ig .  I l (e) .  The body cross section is rounded in the  
dorso-lateral region,  Fig.  I l ( i ) .  The  crest dent i­
cu la t ions are rounded, Fig. 1 l (b). T. v. vu!garis 

3 The toe flaps are not  obvious,  Fig. I I (g) .  The crest 
dent iculat ions arc a lmost poi n ted and extend onto 
the ta i l  past the cloaca. Fig .  I ! (a) .  

T. v .  schmidtlerorum 

The toe flaps can be seen easi ly, Fig. l l (h ) .  The 
dent iculat ions may be rounded or pointed and 
extend onto the ta i l  past the cloaca. T. v.  lan tzi 

The toe flaps a re large and very obvious ,  Fig. I l (h ) .  
The  crest dent icu lat ions are rounded F ig .  I l (b)  and 
usua l ly  do not extend on to  the  ta i l  past the  cloaca. 

T. v. ampelensis 

4 The ta i l  t ip ends i n  a long ta i l  fi lament which is 
devoid of ta i l  f in and shows a d is t inct  t ransit ion 
from the rest of the tai l ,  F ig .  1 1  (f). There a re 
obvious wel l  developed dorso-lateral folds on t he 
body, Fig. I l (k ) .  5 
The ta i l  t ip tapers gradua l ly  to a fine po in t ,  showing 
no d is t inct  transi t ion  from the rest of the  ta i l ,  
F ig .  I l (d ) .  Dorso-lateral folds may be present ,  
Fig. 1 1  ( k )  o r  absent, Fig. 1 1  (j). 6 

5 No  large dark spots typical ly touch the  lower ta i l  fin 
marg in  and the  pal e  pelv ic l ine  is usua l ly  very 
obvious,  Fig. I !( I) .  Only smal l  spots on the bel ly 
(<I.5mm d ia . )  T. v .  graecus 

Large dark spots typical ly touch the  l ower ta i l  fin 
margin and the pale pelv ic l i ne is absent  or very 

poor ly developed . Fig. 1 1 ( 111) .  Usual ly a few large 
spots on t h e  bellv (>I . 5 111111 d ia . ) .  T. 1•. ko.\'.\'ll'igi 

6 The c rest is always smooth  edged. There arc weak 
dorso-lateral folds on the body .  T. "· 111eridio11a/is 

The crest may be weakly den t icu lated.  There arc no 
dorso-latera l folds on t h e  body alt hough t h i s  is 
s l igh t ly square shaped dorsal l y .  T. v. a11 1pele11sis 

D I SCUSS I ON 

PHYLOGENETIC ASPECTS 

The t wo most closely re la tcd species to T. v11lgaris 
are T. hefrcric11s and T. 1110111m1do11i. The th ree species 
form t he i r  own monophyle t ic  group ( Rafinsk i  and 
Arntzen. 1 987 .  A rn tzen and Sparrcboom.  1987 ,  
Macgregor et al. i n  pre p . ) .  H ybridisat ion s tud ies 
( Macgregor er al. i n  p re p . ) .  cytological evidence 
( Raggh ian t i ,  B ucci- I nnocent and Mancino, 1 978) and 
elect rophoret ic  evidence ( Rafinsk i  and Arntzen,  1 987) 
a l l i n d icate t hat T. vulgaris is most  c losely related to 
T. 111onrando11i. Sympatr ic  popu la t ions arc k nown in 
Cen t ra l  Europe and nat u ral hybrids have been 
reported which may be common in some popu lat ions 
( Hofman n, 1 908,  Geye r , 1 95 3 ,  Fuh n ,  Sov;1 and 
Dumi t rescu. 1 975 ,  Pecio and Rafi nsk i ,  1 985 ) . 

Wit h i n  T. vulgaris two mai n gro u ps can be 
recognised (Raxwort hy. 1 989). The 'graecus' group  is 
comprised of T. v. graecus and T. v. ko.1·.1wigi. The 
'vu lgaris' group is com prised of T. v. vulgaris, T. v. lantzi 
and T. v. schmidrlerornm. T. v. rneridionalis and 
T. v.  ampelensis represe n t  i n t ermediate forms, w i th  
stronger affi n i t ies to t h e  'graecus ' gro u p  for 
T. v. meridionalis, and st ro nger 'vu lgaris ' a ffin i t ies for 
T. v. ampelensis. Ou tgroup com parison suggest s  t hat 
t he 'graecus' group represents t h e  ancest ral state, whi le 
the 'vu lgaris' group subspecies show more derived 
characters ( Raxworthy, 1 989,  in p rep . ) .  Subspeciat ion 
of T. vulgaris appears to have occurred in  the 
Pleistocene. when popu lat ions during g lacial per iods 
became fragmented and isolated into smal l  refuges 
areas. I t  is suggested that i n a l lopa t ry these forms 
evolved i ndependent ly, and that subspccific fusion was 
l im ited to  secondary contact zones on ly ( Raxworthy, 
1 989 , in prep. ) .  

THE SUBSPECIES CONCEPT 

Taxonomists have a lways considered it usefu l  and 
pract ica l  to  use subspecific names to draw attent ion to  
i nterest ing regiona l  variat ion (Amadon and Short ,  
1 976) ,  and in the  case of T. vulgaris, th is species 
exh ib i t s  clear racial d ifferences which can be 
conven ient ly label led us ing the  subspecies nomen­
c lature .  However the subspecies concept has been 
frequen t ly cr i t ic ised, with for example Wilson and 
Brown ( 1 953 )  argu ing that the  subspecies is so 
arbit ra ry a concept that i t  should be abandoned. 

Regarding the s i tuat ion seen i n  the  T. vulgaris 
subspecies ,  a l l  s ubspecies are defined, based on the 
development of morphological male secondary sexual 
characters, which are stable ou ts ide hybrid zones 
(Schm idt ler and Schmidtier , 1 983) .  These morpho-
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logical characters do not show independent patterns of 
dis tr ibut ion and therefore th is  leads to the recogn it ion 
of clearly defined (and non arbi trary) subspecific taxa .  
By use of such characters subspecies boundaries 
beco m e  rea l b i o l o g i c a l  c o n cepts  r epres e n t ed 
by intergradation zones which can be readi l y  
iden t ified ( Fig. 1 2 ) .  The T. alpcs1ris subspecies also 
appear to show non-i ndependent geograph ica l 
variat ion for both morphological and elect rophoret ic 
characters. Arano ( 1 988) has found that most of the 
T. a/peslris subspecies (described using morphologica l  
criter ia) are supported by elect rophoretic patterns of 
variab i l i ty  and the Yugoslavian T. vu/garis subspecies 
have also been supported by electrophoret ic evidence 
( Kalezic, 1 984) .  

a )  clinal variation 

chararacter state 

distance transect 

subspecies A 

b) subspecific variation 

chararacter st:1te 

subspecies B 

distance transect 

Fig.  1 2  The d i fference between cl i na l  v a r i a t i o n  a n d  
subspecific  variat i o n .  

The subspecific phylogen ies of T. vulgari.� and 
T. alpesrris show a su rpris ing level of  biogeographical  
congruence. based on complete ly d i fferent types of 
data :  morphological and courtship behaviour for 
T. vulgaris ( Raxworthy.  1 989) and electrophoretic 
evidence for T. a/pesrris (A rano and Arntzen.  1 987. 
A rano .  1 988) .  Both phylogenies h ave ancestra l  Ba lkan 
subspecies and a more derived l i neage giv ing r i se  to the 
I ta l ien and widespread Centra l  E uropean subspecies 
( Arntzen and Raxworthy. in prep. ) .  The T. vu!garis 
subspecies appear to have a risen as a d irect 
consequence of cl imat ic changes in the Ple istocene.  
The g lac ia l  refugia i dent i fied by t ree pol len  analysis by 

Hunt ley and Birks ( 1 983 ) shows close correlat ions with 
the cen t res of current subspecies distr ibut ions of 
T. vu!garis subspecies ( Raxworthv .  1 989 ) .  I t  is 
t herefore possible to propose the appropriate refugia 
where most subspecies were confined during at  least 
the last glacial period . 

The biogeographical congruence of subspecific 
phylogen ies, the congruence of different ta xonomic 
data sets and the correlat ion of subspecies distr ibut ions 
with glacia l  refugia provide strong evidence that these 
subspecies represent va l id biological entit ies. Therefore 
I concl ude that t hese subspecies are not arb i t rary 
concepts .  but ra ther represent rea l non-i ndependent 
patterns of geograph ica l  variat ion .  

S U BS PECI ES OR S PECI ES') 
Is it appropriate to consider ra i s ing the taxo nomic 

status of the T. l 'lllgaris subspecies to the species lcveJ'l 
B iological species a rc defined by Mayr ( 1 942) as 
'groups of act ual ly or poten t ia l ly in terbreeding natural 
popu lat ions which are reproduct i vely isola ted from 
ot her such groups' .  

Natura l  hybridisa t ion is usual ly rare between 
Tri11ir11s species ( the except ion being between 
T. 1110111andoni and T. l'lllgaris. and T. cris1a111s and 
T. 111armora111s ) .  When hybridisat ion 1s  induced 
a rt i ficia l ly  in the laboratory. post -zygot ic isolat ion 
mechanisms always resu l t  in unfit hybrids. e .g .  between 
T. 111ar11 1ora111s a nd T. cris1a111s ( Lantz.  1 947). T 1•11(�aris 
and T hcfre1irns ( Scal i  and Mancino.  1 968) and the 
T. cris1a111s superspec ies (Ca l lan and Spu rway.  1 95 1 .  
Wal l i s  and Arntzen. 1 989) .  I n  a l l  these cases post­
zygot ic i so lat ing mechanisms prevent genet ic fusion 
and a re therefore contribute to the reproduct ive 
isolat ion of each species . Gever ( 1 953 )  however has 
reported viable hybrid T. v11/garis-1110111andoni in the 
fi rst and second genera t ion .  Al though wi ld T. vulgaris 
x 1 1 1011 /andoni hybrids a re wel l k nown (see ea rl ier) .  
recent stud ies have found mutual ly exclusive parapat ric 
distr ibu t ion  patterns between these two species 
( Rafinsk i  pers . comm . .  in Arntzen and Sparreboom 
submitted ) .  Evidence for ecologica l and ethological 
pre-mat ing  isolat ion mechanisms have been found in 
some species ( Hal l iday.  1 977. Arntzen. 1 986) which 
would preven t  gene now between species. 

Only a very l im ited amount of  work has been 
undertaken concern ing hybrid isat ion experiments 
between the T. v11/garis subspecies . Lantz ( 1 947) noted 
that  i n t ra-specific crosses between various subspecies 
of T F11/garis were obtained without d i fficu l ty .  y ie lding 
offspring which are normal 1 11 every respect. 
Observat ions made dur ing th is  study found both 
reciproca l  m i xed pai rs of T. v. 1'11/garis and 
T. 1 • .  111cridiona!is showed successfu l courtship with 
sperm transfer .  

T. 1111/garis subspecific intergradat ion zones have 
now been recognised and described th roughout much 
of Eu rope. I n tergradat ion zones have been found i n :  
Yugoslavia : T. 11• vulgaris x T. v. meridionalis and 
T v.  F11/garis x T. F .  graecus (Schmidt ler and Schmidtler , 
1 983) .  R uman ia :  T. v. vu!garis x T. v. ampe!ensis 
Cogaln iceanu pers. comm . )  and i n  Turkey T. v. vulgaris 
and T. "· kossirigi (Tabr iz i ,  1 980) .  
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The s i ze of some of t hese in tcrgradat ion  zones ( u p  to 
1 60 k m  i n  length a long the  Da lmat ian  coas t )  and the 
reported norm a I fi t ness of  hybrids do not provide a n y  
ev idence of reproduct i ve i so la t ion b e t  wccn t hcsc 
subspecies. There is  obvious gene now occu rri n g  at 
t hese secondary contact zone� . a l t h ough subspe� i fic 
fus ion  mav  be very s low if m igra t ion  i s  low and t here is  
some degree of subspcc i fi c  assort a t ivc m a t i ng 
( Ra x wo rt h y .  1 989) .  Clear ly .  t here ca n be no quest ion 
of  ra i s ing  t hese ta xonomic u n i t s  to  species rank based 
on  the b iologica l species concept . 
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A BSTR ACT 

Snou t-vent lengths of  l a rge sam ples of  na t  t er jacks were measured at fou r  rc lat  ivcly isolated sand-du n e  brccdi ng  
s i t es i n  two success ive years .  I t  was  hoped t hat the  s ize  d i s t r ibu t ions would ind icate  whe t  her sat is factory recru i tment  
i n to  t he breed i n g  cohort was  t a k i n g  p lace .  S ign i fica n t  d i fferences were found between males a nd fema les.  between 
t he fou r  s i tes and between years.  It is i n ferr e d  tha t  one gro u p  consists ma i n ly of  young i nd iv iduals .  reflect i n g  h i gh 
toad let  product ion .  w h i l e  t he o ther  t h ree gro u ps have a l a rge proport ion  of older adu l t s  as a consequence of poorer 
breed i n g  success. The poss ib le  reasons for these d i fferences are d iscussed. 

I NTRODUCTION 

The na t ter. j ack  toad  Bu{o cala111i10 L a u r. is res tr ic ted 
to a bout  for ty .  m a i n ly coas ta l ,  loca l i t ies  i n  Br i t a in  
(Cooke .  B a n ks a n d  Langton .  1 984) a n d  is specia l ly 
pro t ected under the  W i l d l i fe and C o u n t ryside Act 
1 98 1 .  

The nort h M ersevside sand-dune syst em su pport s  
one  o f  t h e  l a rge popu la t ions  of  t h i s  s pecies i n  t he 
cou n t ry ( S m i t h  and Payne.  1 980) .  S i n ce t he 1 970's. 
efforts have been made to conserve t h is  popu l a t i o n  by 
s ta tu t ory protect ion and pos it ive m a n a gement  of i t s  
h a b i ta t s .  A t  t he same t i me.  a l most a n n u a l  mon i tor ing  
of  d i s t r i b u t i o n  and breed ing success has been 
attempted in  many  parts of  the dune sys tem .  

I n  1 978.  Smi th  and Pavnc  ( 1 980) reported t ha t  the  
t oads had enj oyed a sequence o f  successfu l  breed i n g  
seasons.  ass isted b y  a r ise in  t h e  water- tab le  s i nce 1 974. 
t h e  excava t i o n  of about  fi ftv new breed i n g  s i t es a n d  
l i censed rescue operat ions to  save t a d poles from 
desicca t ion .  The adu l t  female  popu la t ion was 
est i m ated to con t a i n  over 2000 ind iv idua ls .  wh i l e  m ;1ny  
i m m o t u re toads were observed in  t h e  dunes and 
adjacent u rban areas. 

Cont inued moni tor ing dur ing  the 1 980s suggests 
that breeding h as been su ccessfu l i n  some parts of  t he 
dune system but  re lat ivelv poor i n  ot her  areas.  
H owever. i t  has proved d i ffi cu l t  to  count the n u m bers 
of t o adlets l eav ing the water and. d esp i te  recent 
research i n t o  na t terjack popu la t ion  d y n a m ics (e .g .  
Dav i s .  1 985 ) .  i t  i s  not  known wha t  l evel o f  recru i t me n t  
i s  n ecessary t o  susta i n  a breed ing popu la t ion (Banks 
and Beebee. 1 988 ) .  

A n  indi rect way of determi n i n g  whether  satisfactory 
recru i tment is occurring i s  to  examine  t he  size range of 
i ndividuals in t h e breeding groups (Cooke. 1 98 1 ,  
1 982 ) .  Al though grow t h  rates are l i kely to  be variable 
and related to  environmental condi t ions ( H emmer and 
K adel .  1 972) .  a general rela t ionship between s ize and 
age may be ant icipated. T h us. Davis  ( 1 985 )  found  
s ign i ficant posit ive correlat ions between snout-ven t  

l engt h a n d  a g e  for bot h ma les and fema les i n  a 
Mcrsevsidc breed i n g  colony. 

O n  the M erseys ide coas t .  n. calamita breeds in 
d i scre t e  gro u ps of dune  s lacks  a n d  excavated sca pes 
wh ich a re up to 3 k rn  from t he next  nearest breed i n g  
s i t e .  A l t hough n a t t er. j acks  arc n ot ed for t he i r  a b i l i t y  to  
' m i grate' .  espec ia l ly  i f  the i r  breedi ng poo l s  dry  up  
( Beebee. 1 983 ) .  m ost o f  t h e  adu l t s  are p ro ba bly 
rela t ive ly  site fa i t h fu l .  Thus. S m i t h  and Bownes ( 1 978 )  
fou n d  t ha t  70 per  cent  of  M e rseys ide toads m arked in  
one  breed i n g  season a n d  recovered i n  the next  h ad 
moved a max i m u m  of only  200m. The la rgest d is tance 
covered was 2 . 2km by one i nd iv idua l .  M ovements 
wi t h i n  a breed i n g  season are l i k e l y  to be less t h an t h is 
and i t  was t herefore just i fied,  for the purposes of  th i s  
s tudy .  to  t reat  t h e  ma in  breed i n g  gro u ps as isola ted 
popu la t ions.  

The a i ms o f  the s t udy were t o  i nvest igate  na t t erjack 
body lengths a t  four  major  breeding s i t es in two 
su ccess ive years and to  es tab l i sh  whether  t h is 
t echn ique  can be used to m o n i t o r  t h e  success , or  
ot herwise. of  recru i t ment in to t h e  breeding  populat ions.  

M A TE R I A LS A N D  M ET H O D S  

The fou r  s tudy  areas were chosen on the  basis of two 
criteria :  t hey were a t  least I k m  from t he nearest k nown 
breed ing site of B. calamita and t hey supported 
suffic ient numbers of adults t o  provide a l arge sample 
size. 

Fig. I shows the posi t ions of  the study areas which 
are described brieny as fol l ows: 
I .  A insdale Hills Local Nature Reserve. This narrow 

str ip of mobi le  and embryo dunes, l . 6km long and 
0 . 3km wide, conta ins 1 3  semi-natural s l acks with a 
t otal  area of about 2 .0ha ,  in which natterjacks 
h ave bred dur ing the present decade. Parts of some 
s lack basins were deepened from 1 980 onwards. 

2. The National Trust Estate. Formby Point. About 
3km south of  A i nsdale H i l ls ,  t h i s  s i te  consists of  
fou r  smal l  pools ( tota l  area about  0.04ha) on  the  
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Fig. I Locations of s tudy areas in the north M e rseyside 
sand-dune syste m .  I = A in s d a l e  H il l s :  2 = N a t ion a l  Trust 
tobacco d u m p :  3 = L i feboat Road: 4 = Cabin H il l .  B u i l t - u p  
areas a r e  hatched. 

so-ca l led ' tobacco dump' .  a waste tip of  denatured 
tobacco l eaves wh ich closed down in  the mid­
I 970s. The h igh water-hold ing capacity of the 
waste mainta ins a perched water-table in an area 
of dunes lack ing nat ura l  s lacks .  The pools. which 
date back to the earlv 1 970s. have been deepened 
on several occasions. 

3 .  l. i(choa1 Road. ror111h 1 ·  ! 1n i11 1 . I n  a zone of  heavv 
recreational pressure .  th i s  s i te is an area of 
degraded mobi le  dunes rest ored s ince 1 978 under 
the auspices of the Sefton  Coast M anagement 
Scheme.  Four  smal l  scrapes ( tota l  a rea about 
0. 04ha) were excavated from 1 98 1  onwards: they 
l i e  about I km south of the  tobacco dump.  

4 .  Cabin Hill Na1ional Na111re Reserve. The breeding 
pools  are s i tuated in an area of fixed dunes 2 km  
sou t h  of L i feboat Road.  Most were formed as 
borrow pits during the  construct ion of a flood 
defence bank in  1 970. The largest of  t h ese sha l low 
pi ts ,  covering about I .6ha .  was the sample s i te .  

Vis i ts  were made to the s tudy areas after  dark during 
Apri l  and M ay when peak nat te r. jack act ivi ty was 
expected. Pools were systemat ical ly searched wi th a 
torch: each unpai red an imal found  was caught wi th a 
pond net and sexed by reference to t h e  nu ptual  
pigmentation on the fore digi ts of the male ( Beebee. 
l 983) .  Snout-vent l ength on the dorsal surface was 
measu red to the nearest I mm by cupping t h e  an imal  in 
t he  pa lm  of the hand and gent ly compress ing  it under a 
t ransparent  plast ic ru ler .  M a t ing pai rs were not 
distu rbed.  M easured individuals were i mmediate ly 
returned to  the  s i te  of captu re. 
f t  h as been suggested that larger ind ividuals 
predominate  early in the  season, whi le  smal ler 

natterjacks breed later ( Fl indt and Hemmer. 1 968) .  As 
t h is cou ld  bias the  samples. it was decided to take  an 
ear ly and late breeding season sample from each study 
a rea in 1 988 .  I n  the  event. on ly  one sample was 
obta ined at the  at iona l  Trust s i te .  bu t  two were taken 
from t he o ther three areas at in tervals of 1 8-48 days. 
The resu l t s  ( see below) did not just ifv a second sample 
in  l 989, so each area was sampled once in that season. 

The data were ana lysed on a Dec-20 computer using 
the s tat i s t ical package 'Min itab' .  

R ESU LTS 

D t rTT R F N CTs B ET W EE N M A L ES A N D  F F M .-\ L FS  

Snout-vent l engths of  males ranged from 42mm to 
79mm and of females .  5 l mm to  82mm. The largest 
female was 2mm longer than the  largest Bri t ish I s l es 
spec imen known t o  Sm i th  ( l 95 l )  o r  Beebee ( l 983)  and 
equal led the  longest ind ividual reported by Banks and 
Beebee ( l 986). 

Frequency distr ibut ions of body lengths for each 
sample ( F ig. 2. Fig. 3) are approx imately normal and 
just ify the use of parametric stat ist ics. 

A tota l  of 622 ma les and 90 females was sampled in 
1 988 .  while 268 ma les and 57 females were measured 
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Fig. 2 Distrib u t ions of snout-vent lengt hs in s a m ples of 
breeding natterjack toads measured in 1 988 a t :  

I .  A i n s d a l e  H i l ls :  2.  N a t iona l  Tru s t :  3 .  L ifeboat Roa d :  

4 .  Cabin H i l l .  O pen Col u mns = m ales:  h a tched = females. 
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Fig.  J D i st r ihu t i n 1 1 s  nf s n o u t -n: n t  l e n g t h s  i 1 1 s;1 1 1 1p lcs of 
breedi n g  n :l l t crjack toads measured i n  1 989 a t :  

I .  A i n,da le  H i l l s: 2 .  N ; 1 t  i o n  a I Trusl :  J .  L i  fchnat Road:  
4. C a b i n  H i l l .  Open col u m n s = m a l es :  hat ched = fc 1 1 1 ; 1ks .  

the fol lowing year .  A pparent  sex ra t i os of 6 .9 :  I a n d  
4 . 7 :  I i n  t he two seasons renect the  fact t ha t  ma le  
n a t t er. j acks  spend much more t i me a t  t h e  breed i n g  s i te  
than  fema les ( A rak .  1 98 3 )  and  t herefore have a h i gher 
probab i l i t y  of  cap ture .  Davis ( 1 98 5 )  report ed sex rat ios 
rang ing from 1 2. 1 :  I t o  5 . 5 : I in samples of  na t terjacks  
breed i n g  at  Cab in  H i l l  between 1 98 1  a n d  1 983 .  

1 988 

Ill/Ill'\' 

N o .  sa mpled 622 
M ea n  hodv length ( 111 111 ) 6 1 . 5 

S . D .  5 . 9  

Two s a m ple t 6 . J  
p <0.00 1 

Table  I compares the  body lengt hs of ma les and 
fema les i n  t he two seasons. Females were s ign i fican t ly 
larger t han  ma les ( p  <0.00 1 ) . be ing on average 3 . 7 m rn  
longer i n  1 988 a n d  4 . 9 m m  longer in  1 989.  A lso. t here 
was a ign i fica n t  (p <0.00 1 )  increase in  t he lengt hs of 
bot h  sexes between years .  m al es averaging 3 . 0m rn 
longer a n d  fem ales 4 .2 111111 longer in 1 989. 

D t F IT R F NCTS BETWITN E 1\ R l. Y AND L ATE S A M PL ES I N  

1 988 

Table 2 compares ear ly and late breed i n g  season 
sam ples of  males a t  t h ree s i t es .  Female sample s izes 
were too sma l l  for a sa t i s factory t es t .  At A i nsdale ,  t he 
second sample has a s ign i fican t ly  h igher mean 
(p = 0 .03 ) .  wh i l e .  a t  Cabin H i l l .  the mean of t h e  second 
sample  i s  s ign ifi ca n t ly  lower t han  the fi rst ( p  = 0.0 1 ) . 
The mean of t he second L i feboat Road sample  is 
h igher t h a n  t he fi rst but  not  s ign i fi ca n t l v  so ( p  = 0 . 1 ) .  I t  

seems reasonable  t o  conclude t hat t here is  no 
syste m a t i c t rend t owards larger an imals  i n  t he la ter 
sam ples .  Therefore.  a second s a m ple was not  t a ken in  
1 989.  For s u bseq uent comparisons .  t he t wo 1 988 
sam ples were pooled for each s i t e .  

0 J FITR ENCFS B ETW F F N  S ITES A N D  B FT W F F N  Y E A R S  
There arc  considera ble d i fferences i n  mean body 

lengt hs bet ween t he fou r  s i tes.  A i nsdale t oads being t he 
sma l l es t .  N a t i on a l  Trust t he largest and Cab in  H i l l  and 
L i feboat Road a n i mals in termediate i n  s ize .  These 
t rends arc shown i n  both  ma les and females and are 
cons is tent  between seasons (Table 3 ) .  One-way 
ana lys i s  of  var ia nce (Table 3 )  shows t h a t  t he 
d i fferences between s i t es are s ign i fican t  i n  both  years 
for bot h sexes ( p  <0.0 1 ) . 

/ 9fl9 

(c111alcs 111alcs .fcnrnles 

90 268 5 7  
65 .2  64 . 5  69.4 

) I 5 4 5 . 5  

6. 1 
<0.00 1 

T A B L E  I :  D i fference' hct wcen male  ; 1 11 d  fem a l e  hoclv lengths  i n  1 988 a n d  1 9 89. 

.1l i11.1d11/c 1.i(chnar Rnad Cahin Hill 

car/
.
1 ·  /arc carh /arc carh fare 

N o .  sampled I I J  1 04 89 54 1 2 1  84 

M e a n  boclv 54. 7 5 5 . 8  65 . 2 66. 3 64. 1 63  

l ength  ( 111111) 

S . D .  J . 2  3 . 6  4 . 3  4 0  3 I 3 . 2  

Two sample t 2 . 24 1 . 5 I 2 .53  

p 0.03 0 . 1 3  0. 0 1  

TA B L E  2 :  Differences between bodv lengths of males i n  early a n d  l a t e  season samples .  1 988 .  
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1 988 1 989 

Males Females k fales Females 

11 x SD 11 .\" SD II .\" SD II .\" SD 

A insda l e  2 1 7  55 .2  3 . 44 I I  56 .5  3 .86 83 58 .6  3 . 26 4 59 .8  2 .06 

Cabin H i l l  205 63.  7 3 . 1 7  29 64. 3 3 . 2 9  60 66 .2  J 02 9 6 5 . 6  3. 40 

Lifeboat R oad 1 43 65.6 4. 1 6  38 66.8 3 .94 72 66 .2  3 .86 2 1  69.8 4 . 74 

Nation a l  Trust 5 7  66.9 3 . 5 5  1 2  70.3 2.05 53 69 .6  3 .65 23  72 .2  4 .43  

ANOV A f ratio 362 . 3  3 3 . 8  1 30 6 1 2 .4 

p <0.0 1 <0.0 1 <0.0 1 <0.0 1 

TA B L E  3: A na lysis of body lengt h differences bet ween s i tes in t h e  two seasons.  

Sire 

A in s d a l e  H i l l s  

N a t io n a l  Trust  

Lifeboat Road 

Cabin H i l l  

1 980 

I 

2 

2 

1 98 1  

3 

2 

2 

2-3 

1 982 1 983 

2 

I 3 

I 2 

2 2 

Year 

1 984 1 985 1 986 1 98 7  Mean 
Score 

3 3 3 3 2.4 

0 I 1 .4 

2 2 3 3 2 . 1 

2 1 . 8 

TA B L E  4: N atterjack breeding s uccess fro m  1 980 to 1 987 at t h e  fo ur s tudy a rca based on estimates of t o a d l et p roduct  ion during 
routine monitoring. (0 = no toadlets .  I = sm a l l  n u m bers. 2 = moderate n u m bers. J = la rge n u m bers. - = no cou n t ) .  

D ISCUSSION 

I t  wou ld be  surpr is ing i f  nat terjack toads l i v ing  on ly 
a few k i lometres apart i n  the same dune system showed 
marked variat ions in growth rates. Therefore, i t  is 
l i kely t hat the d ifferences observed reflect d i fferent age 
struc tures in the four breed ing groups. 

Davis ( 1 985) measured natterjacks at Cabin H i l l .  
ageing i ndividuals of known sex by reference to growth 
r ings in the phalanges. Comparisons w i th  his data 
suggest that, in 1 988, most ma les at A insdale were 3-4 
years o ld ,  whi le  most females were aged 4-5 years. The 
o ldest group was at the  Nat iona l  Trus t  Site where, in 
1 988, most males were a t  least  6 years o ld  and most 
fema les about 7 .  At the  other two s it es, i t  seems that the 
major ity  of males were aged 5-6 years and most 
females 7 .  The d i fference in ages between the  sexes is  
expla ined by Davis's ( 1 985) find ing that  females 
mature one year later than males. 

The 3-4mm increase in mean body length between 
years corresponds closely to the  expected i ncrement 
from one year's growth in older an imals derived from 
Davis 's ( 1 985) regress ion equat ions .  This suggests that  
t here was l i t t l e  or no recru i tment to  the breeding 
cohorts i n  1 989. 

Merseys ide natterjacks can begin breed ing at 2 years 
(ma les) or 3 years ( females), a l though they may not be 
fu l ly  act ive un t i l  1 -2 years later ( Davis ,  1 985). 
Therefore, i n  the 1 988 breeding season,  t he first 
appea rance of t oads which metamorphosed in 1 986 
(males) or 1 985 ( females)  cou ld be an t i cipated. 
H owever, the A i nsdale adu l t s  seem to have been a year 
o lder t han this wh i le t hose at the Nat iona l  Trust s i te 
probably der ive from the 1 98 1  and 1 982 spawn i ngs, 

implyi ng a sequence of  four  years' poor recru itment at 
t he latter s i te .  

Low apparent recru i tment cou l d  be due to  a number 
of  factors. inc luding: 
I .  E m igrat ion o f  juven i les or young adults t o  other 

parts of the dune system; 
2 .  Young adu l ts  not appearing a t  the breeding s i tes ;  
3 .  Poor breed ing success in earl i er years; 
4. H igh mortal i ty of immature t oads. 

A l though natterjacks are known to abandon 
breeding  sites and m ove elsewhere (Beebee, 1 983), 
there i s  no  evidence tha t  t h is has happened recent ly in 
the Merseyside dunes. I ndeed, the colon isat ion of new 
scrapes dug in the last few years has been relat ively 
slow. 

A rak ( 1 983) showed that l a rge males can displace 
smal ler mal es by antagon is t ic behavioural i nteractions 
at cal l i ng  sites. This could lead to fewer smal l  males 
being sampled. especia l ly at the  smal ler pools, such as 
t hose at L i feboat Road and t h e  t obacco dump where 
h igh densit ies of  ma les can occur. However. th is  
shou ld not affect t he  size dis tr ibut ion of  females 
arr iving t o  spawn. As  has been shown in th i s  s tudy, the 
trend of  female body size fol l ows t hat of  the  males 
(F ig. 2, F ig. 3 ) .  

Breed ing success has been rou t inely moni tored by 
est ima t ing t he number of toadlets emerging from the 
pools .  The resu l ts  for the  1 980s are summarised i n  
Table 4. This shows t hat large numbers metamorphosed 
at A insdale ,  especial ly from 1 984 onwards, but fewer 
toadlets appeared at o ther s ites ,  t he Nat ional Trust 
area hav ing t he worst record overa l l .  H owever, i t  is 
i mportan t  to note t hat some metamorphosis occurred 
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at t h e  l ess su cces s fu l  s i t es i n  most vcars .  g i,· i n g  t h e  
i m press ion t h a t  s a t i s factorv breeding.was t ak i n g  pl a ce.  
a l t h o u g h  with d ec l i n i n g  performa nce a t  Cabin H i l l  :rnd 
the N a t i o n a l  Trust s i t e .  

The L i feboat R o a d  res u l t s  a ppear a n omalous  i n  
t h a t .  despi te  a t  l east · m oderate ·  m et a m o r p h i c  s u ccess 
s i nce 1 98 3 .  few voung a d u l t s  have appeared in t h e 
bree d i n g  pop u l a t i o n .  The most l i kelv e x p l a n a t i o n  is 
t h at  what are p erceived as · m oderate'  toad let  n u m be rs 
at t hese t i n v .  eas i l y  searched ponds a rc st i l l  t o o  few t o  
o u t weigh t h e  h i gh m o rt a l i t v  s u ffered bv i m m a t u r e  
a n i m a l s  i n  t h e  v�a rs bcfo rc

. 
t h cv e n t e r  t i 1 c  breed i n g  

coho rt . 
· . -

Fact ors con t r i b u t i n g  to low toadlct n u m bers at 
s o m e  s i t es were s p r i n g/s u m me r  droughts  i n  1 98 2 .  1 9 84 
a n d  1 98 5 .  p red a t ion of t a d p o l es bv a q u a t i c  i nverte­
brates and growt h  i n h i bi t i o n  o f n a t t e r j a c k  t a dpoles by 
t h ose o f  o t h er a nu rans.  especi a l l y  B. bu(o. 

C a t a s t ro p h i c  m o rt al i t y  o f  deve l o p m e n t a l  s t ages d u e  
t o  d r y i n g  o u t  o f  w a t e r  bodies i s  an e x pected problem 
for a n  a m ph i bi a n  wh ich habi t u a l l v  spawns in  
e p h e m eral  pools  ( Beebee. 1 979: Davis .  1 98 5 ) .  
H owever. cm ergcncv deepe n i ng. b y  h a n d .  o f  s o m e  
s i t es .  p a r t i c u l a r l y  at  A i nsdalc .  h a s  u n d o u btcdlv  a i ded 
m e t a m orphosis  i n  some years .  

. 

Tadpole p redat ion has been shown to be m aj o r  
m o r t a l i t y  fa c t o r  b v  B a n k s  a n d  Beebee ( 1 98 8 )  a n d  
Davis ( 1 9 8 5 ) .  There is  a l s o  some e v i dence t h a t  
i n v ert ebrate predators o f n a t t er jack t a d p o l es a r c  m o re 
a b u n d a n t  i n  deeper pools  t h a t  are less l i k elv to drv u p  
( Ba n k s  a n d  B eebee. 1 98 8 ) .  I n  M e rseys ide.  o l d e r  
s c r a p e s  appear t o  s u p po rt h igher dens i t ies  o f  predators 
t h a n  y o u n ger o nes . Those at Cabin  H i l l  a n d  L i feboat 
Road have p a r t i c u l a r l y  l a rge n u m bers o f  drago n n i es 
( O d o n a t a ) .  especi a l l y  S r111pc11·11111 .1 1 rio/a111111 . B a n k s  
a n d  Beebee ( I  9 8 8 )  l is t  n y m p h s  of t h i s  g e n u s  a s  b e i n g  
e ffect ive pred a t o rs o f  n a t t er j a c k  t a d po l e s .  The t w o  
m i l d  w i n t ers o f  1 987-88 a n d  I 988-89 m ay w e l l  have 
e n h an ced predat o r  n u m bers a t  the M erseys ide s i t es .  

I t  i s  k nown t h a t  h i gh d e n s i t i es o f  o t h er a n u ra n  
t ad po l es c a n  i n h i bi t  t h e growth o f n a t t cr j a c k  t ad po l e s .  
m a k i n g  t h e m  more suscep t i b l e  t o  desicca t i o n  a n d  
predat ion ( Ba n k s  a n d  Bee bee.  1 98 7 ) .  I n  M e rscvs ide.  
B. hu(o a nd t o  a l esser e x t e n t . Rana 1c111poraria. arc 
associated w i t h  older .  more perm a n e n t  water bodies in 
the fi xed d u n es .  w h i l e  R. rn/ami!a favours  ephem eral  
or recen t l y  created pools n e a rer the sea.  A s  yet , few 
c o m m o n  toads have bred i n  t h e A i n s d a l e  fro n t a l  d u n e  
s lacks. a l t h o u g h  t h ey began to i n vade t h i s  area i n  t h e  
m i d- I 980s.  At ot h e r  s i t e s .  p a rt i cu l a rl y  C a b i n  H i l l  and 
the  tobacco d u m p .  common toad n u m bers increased 
during t he 1 9 70s a n d .  bv t h e  1 9 80s. tadpole d en s i t i es 
were probably h i gh enough t o  p ro d u ce i n h i b i t i o n  
effects . 

L i t t l e  i s  k n ow n  a bo u t  m o rt a l i t y  factors affect i ng  
toadlets and i m m a t u re n a t t e rjacks  ( Davis. 1 98 5 ) .  I t  is 
poss i ble that  toadlets a r i s i n g  from growth-inh ib ited 
t adpoles show reduced survival because. for exa mp l e . 
th ey have less t i m e  to gain weight  before h ibernat ion .  

Adu l t  natterjacks are long- l i ved (Beebee. 1 98 3 )  and 
have prev ious ly survived several successive years w i t h  
adverse breeding condit ions i n  Merseys ide (Smith and 
Payne.  1 98 1  ) .  Cooke ( I  98 1 ). however. p o i n t s  out t h at 

o l d  fe m a l es ( ov e r  70mm long)  mav lav s p a w n  w i t h  
red uce I v i a b i l i t �1 .  H e  descr ibes ·sen i le' populat ions .  
res u l t i n g  fro m m i n i m a l  recru it ment  over  at l east t h ree 
years. in w h i c h  m a les e xceed a n  a verage o l' <iOmm long.  
with n o  i n d i v i d u a ls l ess than 55mm. B y  1 989. t h is  
descri p t i o n  a p p l ied t o  t h ree o f  t h e  fou r  breed i n g  grou ps 
s t u d ied here w i t h t h e  poss i b l e  e x cep t i o n  of L i feboat 
Road w h ere one m a l e  measure d  5 2 111 111  ( F ig.  3).  Banks  
and Beebee ( 1 98 6 )  a lso fou nd t h at o l d  fem a l e  
n a t t e r. j a c k s  c o u l d  produce spawn w i t h  red u ced 
v i a b i l i t y .  Two o u t  of about  20 aged females l a i d  some 
n o n - v i a bl e  eggs . t h ose i n d i v i d u a ls being 1 1  a nd 1 2  
VL'ars o l d .  

R o u t i n e  m o n i t or i n e.  d ur i n e. 1 98 8  a nd 1 989 s h owed 
t h a t  a l l  s i t es s u p po rt ed l a rge n u m bers o f  breed i n g  
a d u l t s  w h i c h  l a i d  many s p a w n  st ri ngs. There w a s  no 
evidence of red u ced spawn v iabi l i t y .  H owever. i t  seems 
c lear t h at recru i t m e n t  to t h ree o f  the breed i n g  gro u ps 
i n  recen t  years has  been i n s u ffi c ient  t o  p revent t h e  s ize 
d i s t r i b u t i o n  s h i ft i n g  t owards a p repondera n ce of 
l a rger a n d  o l d e r  i n d i v i d u a l s .  This  t rend is m ost 
a p p a r e n t  at  t h e  t o bacco cl u m p  a n d  L i feboat  R oad 
( Fig.  2 .  Fig. 3) w h e re the s m a l l  s i ze of the pools may 
m a k e  n a t t erj a c k  t a d poles p a rt icu lar ly  suscept i bl e  to 
preda t i on a n d  i n h i b i t ion problems.  

Conserv a t i o n  measures t o  i nc rease rec ru i t m e n t  at  
t h ree o f  t he s t u dv a reas seem just i fied .  T h ese cou l d  
i n c l u d e  removal  o f  complet i n g  a n u ra n s .  pred a t o r  a n d  
scru b cont rol a n d  t h e  e x ca v a t i o n  of m o re s h a l low 
scrapes .  w h i c h  s h o u l d  be s i t u a t ed i n  the fro n t a l  d u nes 
a n d  h ave as l a rge an area a s  poss i bl e .  C o n t i n u ed 
m o n i t o r i n g  o f  a d u l t  s ize d i s t r i b u t ion is a l s o  des irable .  

The res u l t s  o f  t h is  s t u d y  c o n fi r m  t h a t  recru i t m e n t  
c a n  be m o n i t ored by measu r i n g  s n o u t-ven t  l e n g t h s  o f  
a d u l t  n a t t erj a c k s  assembl i n g  t o  breed i n g  s i t es .  T h e  
t ech n i q u e  is s i m p l e  and s e e m s  t o  b e  more sensit ive t ha n  
t h e  i n e v i t a b l y  cru d e  and poss i b l y  mis lead i n g  est i m a t i o n  
o f  t oa d l ct p ro d u c t i o n .  O n e  d isadva n tage is t h a t  a 
l i cence is req u i red to h a n d l e  t h e a n i m a l s .  t h i s  being 
u n n ecess a ry fo r co u n t i n g  t oa d l et s .  A lso.  c o m parisons 
s h o u l d  be co n fi n e d  t o  the same general  a re a .  
N a t  t e rjacks from o t h e r  regions o f  t h e  cou n t ry m ay wel l 
have d i fferent  g ro wt h  rat es .  The a p p ro a c h  has 
potent ia l  b o t h  for a lert i ng s i te managers to  the need for 
act i o n  to p ro m o t e  recru i t m e n t  a n d  for m on i to r i n g  t h e  
e ffe c t s  o f  conserv a t i o n  management over a period of  
years .  
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A BSTRACT 

Recently-hatched L. fuscus tadpoles kept ou t  of water make  a heap of  foam which he lps them to survive. A t  fi rst .  
isolated t adpoles can make  foam (by  spi t t ing mucus bubbles). bu t  la ter. tadpoles can only make  foam when i n  a 

group o f  five or more. I f  tadpoles are separated from one another. out  of water.  t hey can aggregate bv active. 
apparently random wriggl i ng movements, but this abi l i ty too decl ines with time s ince hatch ing. 

I NTRODUCTION 

I have p reviously shown (Downie. 1 984. 1 989) that  
stage 27-28 tadpoles (Gosner, 1 960) of  the  foam­
nest ing frog L eptodact . Flus fuscus a re able t o  make a 
foam which rep laces the  origina l  nest foam made by 
the parents. The t adpoles are able to  live in  th is foam 
for up  to several weeks, normal ly in  t he  origina l  
nest ing burrow, and to  enter any nearby pool that  
forms ,  as feeding-stage t adpoles, once heavy ra in fal ls .  
Foam mak ing is a communa l  act ivity: the tadpoles 
s t imu la te  each other by contact ,  to wriggle and  spit out  
mucus-r ich bubbles, and the  wriggl ing m ovements 
t hemselves produce some bubbles. The 1 984 study 
p resented evidence t hat the abi l i ty to make foam 
d im in ished the  longer the  tadpo les rema ined in  t he  
nest .  I n  t h i s  no te ,  I report on aspects of  th i s  decline 

-the aggregative ab i l i ty  of  tadpoles out  of water and 
the abi l i ty of individuals to make foam. 

M ATE R I A L  AND M ETHODS 

C O Ll . FCTION A N O  M A I N TF NA NCF or T.!\ DPO l . F S  

Two foam nests o f  L. Ji1sc11s were col lected from 
burrows around the  margin ofa temporary pool s i te on 
the  Un iversity of West  I ndies campus at St. August ine.  
Trin idad. and from t he bank of  a ditch at Carmody 
Road,  also in St. A ugust ine. in June and .Ju ly 1 989. The 
first nest was col l ected on 23 June ,  and the tadpoles 
were a l ready s tage 27-28 and mak ing  foam. H owever. 
heavy ra in had occurred on 1 7  June, so th is must have 
been a recent ly-la id  nest ( i t  t akes 4-5 days to reach 
stage 27-28: Downie ,  1 984). The second nest was found 
o n  I 5 Ju ly  and the  tadpoles were recent ly h atched,  not  
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yet m a k ing foa m  ( s t age 24-25) .  A fter col lect ion .  foa m­
m a k ing  tadpoles were ma in ta ined on t h e  surface of  
mo i s t  t issue paper i n  2 l i t re rect angular  po ly t hene t u bs 
w i t h  t h e  l ids o n .  I have found mois t  t issue preferable t o  
m u d  as  a substrate  for laboratory m a i n t e nance o f  
foam-ma k i ng t a dpoles:  i t  is  eas ier  t o  keep  t o  t h e  r ight  
degree of moist ure and docs not su ffer from t he 
occas iona l  bacter ia l  problems fou n d  w i t h  mud as a 
StJbs t rate .  

B E l ' '' v 1 0 1 1 R ,\ 1. O ns F R  v,\ TJ O N S  

To moni tor  progress ive changes 1 11 t adpole 
behaviour. tadpo les were removed fro m foam at  
wee k ly in t erva ls .  and p laced s i ngly on  the su rface of 
damp t issue in  2 l i t re rec tangular  pol y t h ene t ubs. s i x  
t adpoles t o  a t u b. e i t her 2 c m  o r  6 c m  a p a rt a t  t h e  s t a rt .  
Tadpole movements  were m o n i tored a t  24h i n tervals  
for up to two days.  In add i t ion .  t adpoles were removed 
from foam.  placed 2cm a part  on moist t issue in pe tr i  
d i shes wi th  t he l i d  on a n d  watched con t i n uous ly  for  an  
hour  or  so. 

R ES U L TS 

A G G R EGATION 

A ggregat ion  resu l t s  are shown in  Table I .  I t  is  c lear 
t ha t  t adpoles i n i t i a l ly  set  2cm apart aggregated m ore 
s uccessfu l ly t h a n  t hose set 6cm apart . a n d  t h a t  t he 
a b i l i t y  to aggrega te  decl i ned w i t h  t i me s i nce ha tch ing. 
I t  is  also clear t hat  aggregat ion  most ly  occu rred w i t h i n  
t he fi rs t  day.  T h i s  does n o t  mean.  how ever. t ha t  t h e  
t ad po les t hen became i m mob i l e :  some aggrega t ion  d i d  
occur d u r i n g  t h e  second clay and .  o n ce an  aggrega t e  
formed.  t h e  t adpo les remained in  con t a ct w i t h  one  
a not her .  so the  scope for fu rther aggregat ion was 
lessened.  Fig .  I shows the act ua l  m ovements  of  
t adpoles i n  fou r  representa t ive cases. 

G F N F R A J .  O n s r R V ATJONs ON T1\ l wo 1 . r  B n 1 A·V J01 1 R 

Once  an aggregate formed i t  could s t a y  i n  t h e  same  
p lace  for t h e  d u ra t ion  of t h e  experi m e n t :  but  t h i s  was 

24'1 
lirnup si:e 

Tadpnle age II ] 4 

a)  ]c/11 Of'O/'/ 

I week 2 0 . 5  0. 5 0 .5  

2 weeks 5 1 . 2  1 . 2 0. 2 0 .2  
:i weeks 5 5 . 6  0 . 2  

4 weeks 2 4 .0 1 . 0 

b) 0011  a1>ar1 

I week 2 1 . 5 0 . 5  0 . 5  0 . 5  

2 weeks 5 6 .0 

:i weeks 5 5 . 6  0 . 2  

4 weeks 6.0 

not a lways the case - a complete aggrega t e  could 
mow as a u n i t  ( s hown in  Fig.  I ) . Th is  was a l so n o t i ced 
i n  t he s t oc k  t ad po les .  where t he foam heap. cont a i n i ng 
up t o  1 00 tadpoles.  could move from t he cen t re ofa  t u b  
to t h e  m argi n .  

A n  u nex pected o bservat ion  was  t hat  t adpoles 
i so la ted w i t h i n  t h e  first week after  ha tch ing  were able  
t o  make foam e i t h er as ind iv idua l s  or  i n  smal l  groups 
( 2 .  3 or 4 tadpoles) .  O f 24 week one  tadpoles.  a ft e r48h .  
one s i ngle t adpole  had made  no  foam.  but  t h ree s i ngles 
had made foa m .  as h a d  two p a i rs . t h ree gro u ps of fou r  
a n d  one  gro u p  of  five .  T h i s  o bservat ion  i s  shown i n  
Fig. I a n d  discussed l a ter in  t he l ight of  previous 
resu l t s .  A l t hough L .fi1srns tadpole  surv iva l  out  of 
water i s  genera l l y  very good .  for up  to severa l  days 
( Downie .  1 984 a n d  u n pu bl ished observat ions ) .  I d id  
ex per ience a few casu a l t i es amongs t  older t adpoles .  
A mongst t adpoles t h ree weeks  post ha tch ing.  n i ne out  
of  48 d ied after  48h .  A mongst t a d poles four weeks  post 
ha tch ing.  one out of  1 8  d ied a fter 24h. Casual t ies 
a lways involved tadpoles t h a t  had rem a i n ed as 
ind iv idua l s .  

Tadpoles watched con t i n u ous ly  a fter  i so la t ion  on 
moist  t issue showed the fol lowing feat ures .  M ovements  
were gen era l l y  v io lent  wriggles. o ften wi th no  progress 
in a n y  d i rect ion .  but occas ional ly  w i t h  a few 
m i l l i met res movement  from t h e  or ig ina l  spot .  
E p isodes of  movement  by i so la ted tadpoles were not  
r igorous ly  q u a n t i fied .  but  i t  was c lear  tha t  rece n t ly 
h a tched tadpo les were more act ive than  older tadpoles ,  
that  t a d poles were more act i ve soon after  iso la t ion 
t h a n  l a ter. and t ha t  t adpo les were more act ive on  very 
damp t issue t h a n  on  ra t her dry t issue.  Wriggles olten 
led to the re-or ien t at ion of  t he head of  a t adpole.  but  
t here was no s ign t ha t  t adpoles were able t o  or ienta te  
a n d  m ove t owards one anot her :  when aggregat ion 
occurred.  i t  appeared to be t h e  res u l t  of  essen t ia l l y  
random movements ;  a n d  two t a d po les c lose toge t her 
o ften  t h en moved away from one another.  H owever, 
o n ce t wo t adpoles had t ouched,  no case was observed 
where t h ey t hen moved apart  aga in .  

Ti111e aft er .1 c1 1i11g llf' 

4/1,h 
Grnul' si:e 

5 () ] 3 4 5 () 

0.5 0 .5  0 . 5  0 . 5  0 . 5  
0. 2 0 .8  1 .0 0 .2  0.4 0 .2  

4 .8  0 .6 
4 .0  1 .0 

! .  5 0 .5  0 . 5  0 .5  
5 . 2  0.4 
5.6 0 .2  
6 .0 

T A B L E ! :  Aggregat ion of isolated L fusrns foa m-mak i ng s tage tadpoles. a )  tadpoles set 2cm apart at t he s tart .  b) t adpoles set 
6cm apart at the start .  n = n u m ber of  tr ia ls  a t  each t adpole age. A ggregat ion  resul ts  are given as t he mean n u m ber of groups of 
each s ize (2-6) or  mean n u m ber rem ain ing  as i n dividuals ( I )  per t rial  afte r  24h and 48h .  Tadpoles were t ested I .  2 .  3 and 4 weeks 
after  hatching. 
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Fig. 1 E x a m ples of movements  of isolated L. .fi1srns foam­
m a k i n g  t adpoles .  C o l u m n  A - t a dpoles 2cm a part a t  t h e  
s t a r t .  C o l u m n  B - tadpoles 6 c m  apart at  t h e  s t a r t .  
A p p ro x i m a t e  i n i t i a l  posi t i o n s  are  shown at O h .  A l l  tadpo les 
a re from t h e  c lutch t a k e n  o n  1 5  J u l y .  and records a re shown 
for t ad poles observed d u r i ng the first and t h i rd weeks a ft e r  
h a t ch i n g. E a c h  tadpole  is  d e n o t e d  by a b l a c k  d o t .  i ndica t i n g  
t h e  pos i t i o n  of t he t a d p o l e  b o d y .  Tadpoles d e n o t e d  a s  verv 
close t o gether  are in con t a c t .  A dot ted l i ne s u rrou nd i n g  an 

i n d i v i d u a l  or gro u p  denotes foam made by the t adpoles.  

D ISCUSS I O N  

The experiments reported here show that  isolated 
stage 27-28 L. fusrns t adpoles are able to aggregate in to 
groups .  but tha t  th i s  ab i l i ty  dec l ines w i th  t ime  s ince 
hatching. Presumably t hese tadpo les. which a re not 
feeding .  are con t inuous ly us ing up  t he i r  yo l k  reserves . 
and t h is is reflected eventua l l y  in a dec l ine in energy 
ava i l ab le  for mobi l i ty .  Tadpoles p laced i n i t i a l l y  2cm 
apart aggregated more effect ive ly than t hose i n i t ia l l y  
6cm apar t .  This is not surpr i s ing  given tha t  each 
t adpo le, ful ly  extended. i s  around  ! cm long.  and that  
once in contact wi th one another .  they t end to rema in  
so .  R andom movements can  easi l y  expla in aggregat ion :  
t here i s  no evidence. from the  observed behaviour of 
t he tadpo les . for di rected aggregat ive movement .  

Tadpole survival out  of water for the  two days 
i nvolved in  t h ese experiments was good. but some 
casua l t ies occurred amongst o lder tadpoles that d id 

not  aggregate .  S ince o lder tadpoles that  survived well 
did not aggregate as  wel l  as younger t adpoles. the 
d ifferences in  aggregat ion ab i l i ty  were not s imply due 
to tadpole death . 

I n  addi t ion .  the  most recent ly-hatched tadpoles 
were not on ly very act ive. showing highly aggregat ive 
behavio u r: they were also able to make foam as 
indiv idua ls .  Downie ( 1 989) found that individuals 
could not make foa m  and that foam-making abi l i ty 
increased as group  s ize increased from J t o  5 .  to 10 . 
Caldwel l  and Lopez ( 1 989) have reported a s imi lar  
fi nding for L m1·s1ace11s. H owever. in bot h of  these 
previous reports. t he  tadpoles tested were at least s ix 
days post-hatching. H ere then is another s ign of 
developmental  dec l ine :  the  longer the t ime since 
hatch i ng. the  lesser t he abi l i ty  to make foam .  Foam­
mak ing requ i res a certa in  frequency of bubble 
format ion :  recent ly ha tched tadpoles can make 
enough bubbles on  the ir  own: la ter  ones requ i re the 
s t imu lus  of contact wi th the ir  neighbours. 

Ca ldwel l  and Lopez ( 1 989) support the  idea that 
foam m ade by tadpoles hel ps survival  in the nest. but 
q ues t ion my s uggest ion ( Downie .  1 984) tha t  
regenerat ion of such foam cou ld  hel p tadpoles that had 
left the nest i f  t he i r  pool happened to dry. Their 
a rgu ment is that such tadpoles wou ld be scattered 
ind iv idua ls  unab le  to make  foa m .  H owever. I have 
shown here t hat tadpo les are ab le to  aggregate. and my 
field observat ions show that ifa pool dries up . 1. . /i11rn1 
t adpoles a re found in  congregat ions. in  low points of 
t he pool .  under leaves or rocks .  

Foam-mak ing by tadpoles has now been reported 
from two members of  the f_ep1odac1 r/11s ' fuscus' 
species group ( H eyer. 1 978) .  I t  would be interest ing to 
test other members. 
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A BSTRACT 

In a l abora t o ry e x peri men t . L. f11srns t a d poles.  a k nown pred a t o r  o f  P.  p11.\'//tlos11s foa m  n es t s .  took a much h igher 
proport ion o f  noat i n g  eggs presented a s  i nd i v i d u a l s  t h a n  as gro u ps e m bedded i n  foa m :  t he bigger t he gro u p .  t he 
grea ter  t h e  pro t ect ion . L. (i1srns tadpoles d i d  not t a k e  post- h a t c h i n g  st ages o f  P. p11.\'//i/o.rns b u t  t hese were p reda t cd 
by d ragonny n y m phs.  

I NTRODUCTION 

In  a prev ious paper ( Down ie . 1 988) . 1 d iscussed t he 
possible funct ions of t h e  noat ing foa m  n es t s  p ro d u ced 
by some a n u ra n s .  Evi dence based on e x p e r i m e n t s  with 
foa m  nests  of t h e  w idely- d is t r ibu t ed n eot ropical  
Leptodactyl id Phrsalae11111s p11s111/os11s suggested t h a t .  
co n t ra ry t o  prev ious publ ications ( Do b k i n  a n d  
Get t inger. 1 985 :  Gorzu l a .  1 97 7 )  t he foam has no 
sign ifi ca n t  t h ermal  p ro pert ies:  t h e  foa m  also has very 
l im i ted ab i l i ty  t o protect eggs and hatch l ings from 
desiccat ion.  A t h ird poss ible funct ion is protec t i o n  of 
eggs from predat ion :  evidence presented showed t ha t  
foa m  nests  are at tacked by predators. part icu lar ly t h e  
t a d po l es of another Lep tod acty l id .  Lep 1odac1 . l'l11s 
.fi1srns. and that P. p11s/ii/os11s eggs are consumed by 
t hese t adpoles, and by odonate larvae. However. it 
seemed l i kely tha t  embedding  eggs in a m ass of foam 
shou ld help a proport ion of them to survive. The 
experimen ts described in th i s  note were d esigned to test 
th i s  suggest ion .  

MATER IALS AND METHODS 

C O ! . l . ECTION O F  N ESTS A N D  P R E D ATORS 

The P. p11s!11/osus foam n es ts used i n  t h is study were 
fo u n d  i n  drainage di tches near t he University of West 
I nd ies campus at  St. August ine. Trin idad, dur ing June 
and Ju ly 1 989 .  Freshly-made nests were col lected early 
i n  the morning after wet days or n ights .  A l though June  
a n d  Ju ly  a re  normal ly very wet months  in Trin idad. 
1 989 had unusua l ly low ra infa l l .  and the number of  
foam nests collected was therefore less than ant icipated. 

The potent ia l  predators used in t h is s t u d y  were 
dragonny nymphs. tadpoles of L (i1srns and t adpoles 
of P. pus1u/osus. Dragonny nymphs were coll ected by 
handnet from the mud surface of the same d itches used 
for the col lec t ion of foam nests and k ept i n  2 l i t re 
po ly thene t u bs ,  in water wi th  a m u ddy bottom .  
L. fuscus tadpoles were reared i n  the laboratory i n  glass 
tanks  from foam nests found i n  burrows adjacent t o  
dra inage d i t ches and  temporary pool s i tes i n  the  S t .  
A ugust ine  area. L. fuscus t adpoles were fed ad lib with 
a proprietary fish food. P. pus11t!osus tadpoles were 

reared from foa m  nests in t he same wav a s  L . fi1sc11s 
t ad p o l es .  

P R E D1\ T I ON E X l' E R I M l : NTS 

! '. p11.rnilosus eggs . h a t c h l i ngs o r  stage 27 tadpo les 
( G os n e r. 1 960) were ex posed to pot e n t i a l  p red a t o rs 
u n d e r  s t a n d ard l a boratory c o n d i t i o n s .  in 2 l i t re 
rect a n g u l a r  poly t h ene t ubs .  con ta in ing 1 . 5 l i t res w a t er 
( 6cm deep)  for a period of I 8 h  when t he nu 111 ber of 
s u rvivors was reco rded.  ln most  cases.  the t u bs h a d  a 
clear bot t o m .  b u t  i n  a few. a t h i n  coveri n g  of mud was 
present to s imu late ditch condi t ions .  Eggs floated on 
t h e  s u r face of t h e  w a t er. buoyed by surroun d i ng foa m .  
as i nd ividuals ,  o r  groups of 5 ,  I 0 or 20  eggs, each tub 
c o n t a i n i n g 20 eggs i n  a l l .  I n  i s o l a t i n g  i n d i v i d u a l  eggs 
a n d  gro u p s  fro m foam. it was difficu l t  to s t a n dardise 
the number of  foam bubbles s tuck to each egg or group, 
so th i s  was qu ite variable .  I n  exper iments us ing 
P.  p11s1ii/os11s hatch l i ngs o r  s t age 2 7  t a dpoles . 20 
i n d i v i du a l s  were aga i n  used.  b u t  they were free t o  swim 
in the tub .  Predat o rs had no access t o  a l t e rn a t i v e  food 
during the I 8 h of t he ex peri m e n t .  

T h e  predator classes u s e d  were : L . . fi1scus - fou r  
l a rge m a t u re t a d p o l es ( a ro u n d  s t age 3 5 )  o r  e i g h t  
smal ler  t ad poles ( aro u n d  s t age 30) ;  dragon ny n ymph s  
(sp ecies not k n o w n )  - two mediu m-sized nymphs. 
around l . Sc m  l o n g; P. pus1u/osus - e i g h t  t ad poles 
around stage 30. 

R ESULTS 

P R E D.i\TION O F  FLOATING EGGS 

The resu l t s  of the  predat ion exper iments involving 
float ing P. pus/U/osus eggs ( ind iv iduals and groups)  are 
shown in Table I .  The number of trials possible was 
not l arge, because of  shortage of t ime and scarcity of 
m ater ia l ,  but the overa l l  trend in the resu l t s  i s  clear. 
E xposed to  large L. fuscus t adpoles, i nd iv idua l  eggs 
were nearly a l l  consumed, whereas eggs in grou ps 
survived better. Smal ler L. fuscus t adpol es also 
predated ind iv idua l  eggs, t hough l ess heavi ly .  Groups 
aga i n  survived better. I n  genera l ,  w i th  both size c lasses 
of  predator, the larger the group, the better t he survival 
chance, with one resu l t  - groups of  five exposed to 



502 J. R .  DOWN I E  

large L . fuscus being anomalous :  unfortunately .  on ly 
two tr ia ls  were made in th is c lass .  Wi th l arge L. .fuscus 
as predators. foam bubbles were usual ly consumed as 
well as eggs : wi th  sma l l er  L. .fi1sc11s more foam was 
usual ly left .  Occasional ly, fragments of  partly 
consumed eggs were left at the bottom of the tub. As 
previous ly described (Downie .  1 988) L. .fuscus tadpoles 
swam to t he surface and bit at foam and eggs. 

Dragonny nymphs took a few indiv idual  noat ing 
eggs, but  none from groups. and P. pustulosus tadpoles 
took n o  eggs at a l l .  Dragonny nymphs spent most of 
their t i me at the bottom. as d id P. pustu!osus tadpo les . 

P R E DATION OF H 1\TCI I I . I NG 1\ N D  0 1 . DF R  TA D PO I . FS 

The resu l ts of a smal l  number of predat ion 
experiments i nvolv ing P. p11s1ulos11s hatch l ings and 
stage 27 tadpoles are shown i n  Table 2 .  I n  no  case did 
L . .fusrns tadpoles consume any post-hatching 
P. pustu!osus, whereas dragonny nymphs took signi­
fi cant numbers of  them. There was no evidence from 
the experiments t hat the  nature of the bottom - clear 
or muddy - mattered to the effectiveness of dragonny 
nymph predat ion .  but t he  n umber of tr ia l s  was very 
smal l .  

B H I A V I O l J R O F  P. pu.rnilosus H ,\ TC l l I J NG S .·\ :\ D  0 1 . D E R  

T1\ DPO I . ES 

On hatch i ng. P. p11s111/os11s tadpo les were observed 
to  hang mot ion less from the base of the foam nest .  or 
t he s ide o f  tub the nest was noat ing in: a few lay on the 
bot tom: swimming occurred very occas ional ly .  As 
development proceeded over the next two days to 
about st age 27. tadpoles became more act ive. but spent 
much of  their t ime at rest on the bot tom. On a mud 
bottom. t hese tadpoles were very crypt ic .  mostly 
mot ion less. but capable of rapid movement when 
disturbed. 

A R t J N D '\ NC r  OF P R r D ATORS IN N ATt ' R .-\ 1 .  Co� D I TIONS 

I t  would requ ire a large scale su rvey to establ ish t he  
overa l l  relat ive abundance of  the  predators used in t h i s  
s t udy. I n  the drai nage di tches and temporary pools I 
have sampled. L .fi1srns and P. p11s111/ns11s nearly always 
occur toget her. and dragonny nymphs are very 
abundant .  The di tch used to col l ect the foam nests for 
th is  study was choked. with l i t t l e  through now of 
water. I t  genera l ly  conta ined water about 2-3cm deep 
on a mud bot tom.  wi th sparse overhanging vegetat ion .  
and was 50cm wide. Two hand-net samples of  50cm 

A rra11gcn1c11r n_f T:ggs 

4 J 
Potential JO Cro1111s of" (;roups of" Croup of" 

Predator !11dil'id11als 5 / (J ]() 
Class 11 110 r;; 11 110 (7, 11 110 r·· 

I II 110 r;; 

4 stage 35 4 0 .25  1 . 25 2 1 1 . 5  57 .5  5 1 . 6 8 .0 6 7 .2  35 .8  
l .(ilSCllS ( 0- 1 )  ( 5- 1 8 ) (0-3 )  ( 0- 1 7) 

8 st age 30 4 2 1 0 . 0  2 9 45.0 4 1 2 . 8  6:us ·' 1 4  70.0 
l. fllSCllS ( 0-6) ( 3- 1 5) ( 0-20) ( I J- 1 6) 

2 dragonny 2 1 8  90. 0 2 20 1 00.0 
nymphs ( 1 7- 1 9) (20)  

8 st age 30 2 20 1 00.0 
P. p11st11lorns (20)  

TA B L E  l :  Survival of P. pustulosus eggs as individuals or groups after l Sh  exposu re t o  various classes o f  potent ia l  predator. 
(n = n um ber of t ria ls ;  No = mean n umber of s u rvivors per t r ia l  ( ra nge in brackets) : % = percentage of s urvivors) .  

Potrntial Pre\' Class 

]() ]() I() ; n  
Potential lwtchlings lwrchli11gs stage J 7  stage J 7  
PrNlator clear hot to111 11111d h0/10111 clear ho/10111 11111d ho/10111 

Class II 110 f7, 11 110 'I 11 110 ( . . I II 110 r1, 

4 stage 35 2 20 J OO 2 J O  J OO 

L. f11sc11s (20)  ( 1 0) 

8 s tage 30 2 20 J OO 
L . f11sc11s ( 20)  

2 dragonny 2 1 7  85  2 1 7  85  2 5 50 4 5 50 
nymphs ( 1 4-20) ( 1 7 ) (4-6) (3-8)  

TA B L E  2 :  Survival  o f  P .  p11st11los11s hat chl ings a n d  s tage 27  t a d poles after J 8h exposu re to  various classes of poten t i a l  p redator.  
(n = n u m ber of t ri a ls: No = mean n u m ber of survivors per t ri a l  ( range i n  brackets ) :  9i- = percentage of  survivors) 



FUNCTI O 1 O F  FOA M - N E STS 50) 

lengt hs from t h e  muddv bot tom of  the d i t ch  �1 ie lded 22 
and 2 7  dragonny nymphs. of  a range o f  t ages. 
respect ive ly .  These nvmphs lav mot ion less on  t he 
bot t o m .  often part ly covered i n  mud p a rt i c les : l i k e  t he 
P. p11s111/os11s t adpoles. t hey were very crypt ic .  The 
predators used i n  this study clearly occur and have 
access t o  P. p11s111/os11s nests a n d  t adpoles .  

D I SCUSS I ON 

The main resu l t  of th i s  s tudy is the  demonst rat ion  
t hat  P.  p11s111/o.rns eggs do ge t  some p ro tect ion from 
preda t ion  by being surrounded i n  foam .  I nd iv idua l  
noat ing eggs were ver�1 l i ke ly  t o  be ea ten  by L .fi1scus 
t adpo les .  The same nu m ber of eggs. ex posed for t he 
same t i me to t he same nu mber of predators had a much 
bet ter  chance o f  surv ival  when presented i n  gro u ps 
he ld together by foam bubbles.  

I n  a dd i t i o n .  the st udy showed t ha t  noat ing  eggs. 
s ingly or in groups .  are not much at risk from 
dragonny nym p hs.  whereas on ha tch ing. t h e  r isks are 
reversed. w i t h  L. .fuscus tadpoles not  :1t t ack i ng 
P. p11s1 11/osus l a rvae  at a l l .  but  dragonny l a rvae t a k ing  
t h e m .  part i cu l a rly  when t hey become more  ac t ive .  Not  
surpr is ingly. perhaps .  P.  p11s1 11/os11s tadpoles d i d  not  
preda te  eggs of  the i r  own species .  Preda t ion  tests i n  t he 
l a boratory need to be in terpreted wi th  caut ion.  bu t .  as 
po in ted  ou t  ear l ier  ( Downie .  1 988)  L .fi1sC11s t adpoles 
are ser ious poten t ia l  predators o f  P. pu.rnilosis. They 
i n h a b i t  the same tem porary pools and dra inage 
d i t c hes.  but L. .f11sC11 1 eggs arc la id  in advance of  ra i n .  
so t ha t  t h e i r  t a d po les enter t h e  water a t  t h e  s a m e  t i m e  
as eggs of  o t h er tem pora ry pool  nest i n g  species l i k e  
P .  pustu!o.rns. L. .fuscus t adpoles have been seen t o  
a t tack  P .  pustu/osus nests i n  t h e  w i l d ,  a n d  the  resu l t s  
reported here show how effect ively t hey can consu me 
eggs i n  t he l aboratory .  I t  is a l i t t l e  puz� l i ng  t h a t  
L .fuscus t adpoles s t o p  predat ing P. 1w rni/o.rns a fter  
t hey h ave h atched .  The resu l ts  for dragonny nym phs 
are less surpri s i ng: t hey spend most o f  t he i r  t i me at  the 
bot tom as 's i t -and-wai t '  predators and wou l d  
t herefore b e  e xpected to  a t tack m a in ly  mob i l e  
swi m m ing prey .  Their  very h igh n u m bers m ust make  
t hem t h e  most  ser ious  t h reat to t h e  surv i va l  of  
P.  pustu/osus t adpoles s ince fis h  are  usua l ly  absent 
from t hese pools and dra inage d i t ches. The absence of  
a d i fference between t h e  preda t ion  success of  
drago n n y  nymphs  on  m u ddy and c lear  bot toms i s  
perhaps su rpris ing. H owever. on m uddy bottoms.  
bot h predator  and prey a re h igh ly crypt ic.  anJ 
changing t h e  backgro u n d  may t h erefo re not  a l ter  
s ign i ficant ly  the outcome of  the i n teract i o n .  A l arger 
scale experi ment  on tadpole-drago n fly nvmph i n ter­
act ions would be of in terest .  

The  pro tect ion  offered to  eggs by  be ing i n  a Ooat i n g  
foa m  nes t  m ay b e  of  t wo k i n ds. n o t  d i s t i nguished i n  

t h is s tu clv .  As suggested b v  M art i n  ( 1 967 ) .  Hever 
( 1 989)  and R . an ( 1 985 ) .  most of  t he eggs in  a floa t ing  
foam n est  are above t h e  wa ter  su rface and t herefore 
removed from t h e  hab i ta t  oft he most l i k ely preda tors .  
t adpoles.  fish a n d  predat ory aquat ic  i nsects .  T h is effect 
must be much grea ter in i n tact nest s .  wh ich  con t a i n  
several h u n dred eggs. t han  i n  even the  biggest gro u ps 1 
tested o f  20 eggs. 

I n  add i t ion .  t he s t i c k iness and adhesiveness of foam 
may m a k e  removal  or t he eggs d i fficul t  for poten t ia l  
predators .  Disen tang l ing eggs from foam is not an  easv 
bus iness  for h u mans .  and L .fi1sC11s tadpoles do sce111 to 
have to  expand some effort i n  feed i ng on foa 111 bubbles 
and eggs . \.Vhe ther  foam gives better m ech: 1 11 i cal  
pro tect ion t han  o t her dev i ces used by frogs. such as egg 
s tr i ngs or je l ly  masses. cou ld perhaps be tes ted by 
experi ment  at ion .  The d i scovery by Robert s ( 1 989)  or a 
popula t ion of t h e  A ustra l ian  mvobatrachid 
Li11111odrnas1cs 1as111a11ie11sis w hich makes floa t i ng 
foam nests i n  one  part of i t s  range. but  non- foamy eggs 
masses in anot her part offers t he oppo rt u n i t y  of a 
n a t u ra l  t est of t h e  d i fferences bet ween foam and je l ly  
nests .  
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A B STR ACT 

D ur i ng e x cavat ion work a ro u n d  t he C h u rc h  o f  S t .  W vs t a n s a t  R e p t o n . D e r lw s h i re .  a l ; 1 rgc q ua n t i t v o f  C o m m o n  
frog ( Rana 1em11nrariri) a n d  C o m m o n  t o a d  ( Rufo hufo )  bo nes were d i s con:red a t  sever a l  s i t es .  T h e  ro b b i n g  holes.  
s u s p e c t ed saw-p i t .  crv p t .  drain and b u r i a l  m o u n d al l  a p pea red t o  h;wc ; 1c tcd ; 1 s  h i s to r i c a l  p i t fa l l  t ra ps ( between t h e  
e i gh t h  a n d  s i x teen t h  cen t u rv ) .  w h i ch i n  s o m e  rn ses c a u g h t  frogs ; 1 1 1d  t o a ds i n  l a rge n u m bers . I n  t h e  e igh t h  a n d  n i n t h  
cen t u ry t h e  Co m m o n  frog w a s  a b u n d a n t  c o m pared t o  t h e  Co m m o n  t o a d  11· h i c h \\· ; i s  rare o r  even a bs e n t  fro m  
R ept o n . H o wever. by t h e  fo u rt ee n t h cent u ry .  t o a d s  h a d  b e c o m e  \\' e l l  est a b l i s h e d .  ;1 n d  i n  m od e rn  t i mes.  e x t re m e l y  
a b u n d a n t  in  the  area .  Th i s  change 111 ay be assoc i a t ed w i t h  t he fo r m a t i o n  o f  a n  o x - bo ,1· J akc  bet w een t h e n i n t h  a n d  
s i x teen t h  cen t u rv .  

A very h igh p ro port ion o f  frog bones w e r e  recorded a m o n g  t h e  d i s a rt i c u l a t e  lrn rn ; i n  h o n e s  o f  t h e  n in th  century 
Vi k i n g  bur ia l  m ou n d .  This  111 o u n d  is known t o  h ave been d i s t u rbed i n  t h e scvcn t e e n t  h cent  u rv . H owever t h e  a l  m ost 
complete a bs e n ce o f  toad bones s uggests tha t  t h ere h a s  been l i t t l e  co n t a m i n a t i o n  t o  t h es e  d ep os i t s d ur i ng a n d  a fter  
the fou rt een t h cen t u ry .  s i n ce t he Common t o a d  a p pears t o  h a ve been co111 m o n  i n  R e p t o n  from th is t ime o n wards. 

I NT R O D UCTI ON 

Repton has been t h e  su bj ect o f  det a i l ed arch aeo­
logical invest igat ions from 1 974 to 1 988. w i t h  
excavat ion cen tred a ro u n d  t h e  c h u rch o f  S t .  Wystans 
which was used in 873-4 as the W in t er c a m p  o f  the 
Great V ik ing army.  At severa l  excava t i o n  t renches 
unusua l l y  h igh dens i t i es of a 111 ph ib ia n bone were 
discovered. Because o f  t he care o f  excavat ion it has 
been poss i b l e  t o  give p rec is e  dat ings fo r all  t h ese 
samples .  The bone prese rvat i o n  h as been so good t h a t  
diagnos t i c  ident i fi ca t ion down t o  spec i es l evel can b e  
made o n even j uven i le  bones.  

A B R I E F  H I STO R I CA L  O UT L I N E  

Before t h e  end of  t h e  seventh  cen tury a m o n as t e ry 

was founded at R ept on . wh ich became c lose l y  
associ ated wi th t h e  roy a l  house o f M ercia .  The A nglo­
Saxon crypt of S t .  Wystans ch u rc h probabl y  served as 
a mausoleum. con t a in i ng th e bod y o f Wysta n who was 
buried a t  Repton around 839 ( B i d d l e  a n d  Kj0l bye­
B iddle .  1 985) .  I n  873 t h e  Great Vik ing army came up 
the  R iver Trent and made the i r  w i n t er ca m p  at Repton .  
They departed the  fo l lowing autumn of874. but dur ing 
th is s hort per i od of occupa t ion  at least 249 Vik ings 
died a n d  were buried i n  a bur ia l  mound formed from 
the  r u in ed foundat ions of an ear l ier bu i l d i n g  ( B iddle 
and Kj0lbye-B iddle. 1 986) . I n  t h e twelft h  cent ury a n  
Augus t in i an  pr iory was establ ished by the C a n n o n  o f  
Cake ( B iddle a n d  Kj 0 l bye-B idd le , 1 985) .  After the  
d issol u t i o n  o f  t h e  pr iory i n  1 538 ,  t he  bu i ld ing 
eventua l ly  formed part of  t he  School at Repto n . 

M ET H O D S  

Bone m a t e r i a l  was s e p a r a t e d  o u t  b y  s e a rc h i n g  a n d  
s i ev i ng ( w i t h  a I m m  m es h )  s o i l  l ayers fo u n d  t o  con t a i n  
s m a l l  a n i m a l  bone.  For e x t ensive l ayers on l v  s a m p l es 
w e re take n . Bone m a t e r i a l  from the crypt depos i t s were 
a l s o  sorted out by water noata t i o n .  A m p h i bian  bones 
were recogn ised u s i n g  fea t ur es s h o w n  by E n ge l m a n n .  
F r i t zc h e .  G u n t h e r  a n d  Obst ( I  985 ) .  Species ide n t i­
fi ca t i o n  was co n fi n ed t o  t h e i l i u m .  and based on 
fea t ur es given by H o l m a n  ( 1 985 )  and F ngel 111a n n  cl al. 
( 1 985) .  T h e  i l i u m  o f  t h e  C o m m o n  frog Rana 
1e1111wraria h as an o bv i o u s  a l t hough a n t er i orl y  
depressed i l i a !  b l a d e .  T h e  Com m o n  t o a d  Rufo lmfo 
la cks any t race of a n  i l i a I blade b u t  has  a low ro u n d e d  
i l i a ! prom i nence . 

R F S U L  TS 

Amph ib ia n  bones were found at five s i t es . These are 
referred to h ere as t h e  fo l lowing:  

I .  The R o b b i n g  h o l e s  

2 .  Th e D ra i n  

3 .  The  M o u n d  

4.  The  Crypt 
5 .  The S a w-p i t 

Table I sh ows t h e  n u m ber of ident i fied i l i a  
recovered from each s i t e .  The a rch aeo logica l contex t  
and spec i fic deta i l s  of  each s i t e  are br ieny out l ined 
be l ow . Th e t ren ch . layer and feature reference 
numbers used in t h is excavat ion are given in the 
A ppend i x .  Table  2 .  The  bone m at er ia l  has now been 
deposited a t  t he Derby Museum .  
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SITT: CENTUR Y 

R o b b i n g  holes e igh th  

D ra i n  e igh t h  - n i n t h  

M o u n d  n i n t h *  

Crypt fou rt ee nt h  - fift een t h  

Saw-pit  s i x t ee n t h  

TA B L E  I :  The n u m bers o f  ident i fi ed i l i a  fou n d  at  each s i t e. 

I .  The Robbing Holes 
Before the crypt of  St. Wystans was const ructed an 

earl ier bu i ld ing stood j ust to  the north of  the crypt .  
This bui ld ing ( referred to as Bu i ld ing 'B '  i n  
unpubl ished reports )  was demol ished before the  
const ruct ion of the  crypt in the mid-eighth centu ry .  
Dur ing its demol i t ion holes were left i n  the ground 
where t imbers and possi bly  s tone  had been removed . 
Two of these ho les contai ned frog bones. These 
deposits are probably dated to the first half of  the 
e ighth cent ury. 

2 .  The Drain 
The crypt was pro bably bu i l t  as a free standing 

mausoleum in  the middle of the e ighth cen tury .  
possibly to  take the body of King of IEthelbald who 
died i n  757 .  Associated with the crypt there was a 
substant ia l  dra in l ined with green K euper sandstone 
and covered wi th  large sandstone cover s labs ( Fig.  I ) . 
The noor of the  drain was so i l .  Th is  dra i n  was fed 
water from the  crypt noor which had t o  flow under the 
lowest  s tone of  the crypt wa l l  w i th  a mere 5cm 
clearance. E xact ly where the  water noweq to is  not  
known s i nce excavat ion had to  be res tr icted to the fi rst 
three met res of the  dra ins course. The precise funct ion 
of  the drain i s  also not yet understood; i t  may have 
taken water from a baptismal bas in that wou ld have 
been large enough for total submers ion, or have s imply 
dra ined the crypt floor. Certa in ly  by 849 when Wystan 
was buried in the crypt. the crypt would no longer have 
funct ioned as a bapt istry. 

A very large col l ect ion of  frog bones were col l ected 
from a soi l  sample taken from wi th in the dra in .  The 
sample of bones contai ned a l l  skeletal components and 
incl uded 96 femova and 63 i l i a .  This g ives a m in imum 
est imate  of  48  frogs: however. s ince it was  no t  poss ib le  
to  sample  the ent i re dra in .  the actua l  number of 
ind iv iduals would cert a in ly have been considerably 
greater. The femur length varied from a m in imum of  
9mm to a max imum of 26mm. mean 1 4.4mm .  
S . D .  3 .63 .  

3 .  The Mound 
A two-room s tone bu i ld ing, sunk to  about  80cm . 

was found dur ing excavat ion ,  l ess than 1 00 metres west 
of  the crypt. This  sunken bu i ld ing pre-dates the crypt 
and a l ready had been long abandoned when the G reat 
V ik i ng Army came i n  874. Fol lowing the death of at  
l east 249 ind iv iduals .  the  bu i ld ing was cut down to 
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* = disturbed i n  t h e  seventeent h  cen t ur y  a n d  l a t er ( sec t e x t ) .  

ground  level and the d isart iculated bones stacked 
neatly around the walls of the eastern compartment .  
Timbers were la id s ide by side over the bur ia l  chamber 
which was then covered by a low cairn of irregu lar 
stones and poss ibly a thin ( less than 30cm)  layer o f  top 
soi l .  

The bur ia l  mound was d iscovered and opened up 
around  1 686 by Thomas Walker ,  opened u p  aga in  in 
1 787 ,  and br ieny excavated in 1 9 1 4  ( B iddle and 
Kj0lbye-B iddle .  1 986) .  

Amph ibian bones were found (during s iev ing of a l l  
so i l  excavated from the mound)  in the dist urbed 
human bone deposits, in the  und istu rbed and 
distur bed squatter deposits left whi le  the bu i ld ing had 
been neglected, and last ly in the robber trenches made 
by Thomas Walker .  A lmost al l  of  this amph ibian bone 
was frog. A total of  64 Common frog i l ia were found  
compared to  just two Common toad i l i a .  The vast 
majori ty ( 79 per cent) of amphibian bone were found 
amongst the distu rbed human bone. Because of the 
later d is tu rbances to the mound the dat ing of most of  
these bones is u ncerta in  (however see d iscuss ion) .  

4. The Crypt 
I n  t h e  late m iddle ages a s ta i r  had been inserted i n  

t h e  eastern recess o f t  h e  crypt to  give direct access from 
the  outer court of the  adjacent priory .  The removal of 
the bottom step ( the only surviving part of the s ta ir )  
dur ing archaeo logical excavat ions revea led a wedge of 
un touched deposi ts ly ing on and agai nst the original 
e ighth century s tru ctu re of  the crypt .  Wi th in  t hese 
deposi ts were found  a ch ip of reel t i l e  (dated not ear l ier 
t h an the th i rt eenth century) and a ch ip of glazed 
ceram ic  ( not ear l ier than fourteenth centu ry) .  These 
two i t ems ,  taken in conjunct ion with the insert ion of 
the s ta i r  wh ich sea led these layers. suggest that  the 
depos i t s  should be dated at  the earl iest to the  
fourteenth cent ury :  they are  un l i kely to  be much later . 

W i t h i n  these  deposits many frog and toad bones 
were found.  A total of 16 Common frog i l i a  and eight 
Common toad i l i a  were counted. The surviving wedge 
of so i l  would have only represented a t iny  fract ion  of  
the  to ta l  area of the  crypt floor. wh ich suggests tha t  
many more frog and toad bones wou l d  have been 
deposited in the crypt during t his period. 

5 .  The Saw-pi t  
N orth of  the  crypt .  i n  the  open besides the  nort h-east 

corner of  the north a is le ,  a l arge rectangu lar  p i t  
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Fig . 1 The excavated drain from Trench 3 .  Repton .  View look ing west wa rds t owards t h e  crypt o f  S t .  Wyst ans C h u rch . The 
cover s labs are s t i l l  i n  posi t ion  for most of the dra ins  length. The ranging rods a re 50cm in to ta l  lengt h .  

(4m x 2m at the  top,  I m wide at the  bot tom) was 
d iscovered cutt ing through the  remains of  a priory­
period trackway and cemetery. The pit was probably 
associated with some industr ial process, and may be 
in terpreted as a saw-pi t .  I t  probably belonged to the 
per iod after the d isso lu t ion of  the  priory i n  1 538. but 
t he pottery and other finds suggest a date later not later 
than the m id-s ixteenth century. 

From the bottom of the saw-pi t  a small number of 
amphib ian bones was found among a very l arge 
col lect ion of larger (ma in ly  domest ic) an ima l  bones. 
The iden t i fied amph ibian bones consisted of  two frog 
i l i a  and a single toad ! i l i um .  

D I SCUSSION 

The most obvious quest ion is .  how did these frog 
and toad bones get i n to  these archaeological features? 
The s imples t  and most l i kely exp lanat ion is t hat t hese 
amphib ians became t rapped. The robbing-holes, the 
saw-pi t  and the  crypt wi th i ts drain could a l l  have acted 
as large p i tfa l l  t raps from which escape was not 
possi ble for t hese amph ibians .  The mound is d iscussed 
later in t h is sect ion.  

The crypt floor had been sunken by about two 
metres from the origina l  ground level ( Biddle and 
Kj0lbye-B iddle.  1 985 )  and frogs and toads may 
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frequ e n t l y  h ave fa l len down t he en t rance st eps a n d  
become t rapped i n  t he bu i ld i ng.  T h e  d e n s i t y  of  bones 
( represen t i ng  a t  least 1 2  i nd iv idua ls )  i n  t he smal l  wedge 
of s o i l  under t he s tep demonst rates t h a t  many frogs 
a n d  toads may have been t ra pped in t h e  crypt a ro u nd 
t h e  fou rteenth  centurv .  I n  t h e  dra i n .  t h e  very h igh  
dens i ty of  frog bones { a t  l eas t  48 frogs in  t he sample  
e x a m ined)  suggests  t hat  t hese depos i t s  p robably bu i l t  
u p  over a n u m ber  of years .  A bo u t  SO per cent  o f t  hese 
were j uveni les .  The body lengt h can be a ppro x i mate lv  
calcu l ated from t h e  fem ur l engt h i n  Rana 1c111poraria 
( see Esteban a n d  Sanch iz .  I 98S ) .  Smi th  ( 1 973 ) .  Par is  
( 1 98 5 )  and E ngel mann cl al. ( 1 986) agree t h at t h is 
s pec ies of frog matu res a t  a m i n i m u m  body lengt h of  
40-45mm.  and we have  concl uded t h a t  fem ur s  below 
1 4m m  in lengt h are j uveni l es. 

We do not k now if the frogs i n  t h e  d ra i n  were 
ac tua l l v  t rapped or i f  t hev used t h e  d ra i n  as a refuge 
from w h ich t hev ven t u red out a t  n i ght  via t h e  dra in  
o u t  now ( i f  t her� ever  had been one)� I t  i s  most  l i ke l�1 
frogs which  become t rapped in t h e  crypt  ent ered t h e  
dra i n  from t h e  crypt noor .  I ns ide t h e  d ra i n . escape 
would have been i m poss i ble if the  o u t now beca me 
b locked once the drain fel l  i n t o  disuse.  

The com p l e t e  l ack of toad bones from the dra i n  and 
robbi ng holes oft he e ight h and n i n t h  cen t u ry cont ras ts  
t he s i t ua t ion seen in  t he four teen t h  and s i x t een t h  
cen t u ry w h e n  Common toads were obv ious lv  presen t .  
represent i ng 3 3  p e r  cent o f  t he t o t a l  s a m p l e .  The  
m odern day  s i t u at ion is even more i n t erest i n g. w i t h  the  
toad  now ex t remely common in  Rep ton .  espec ia l ly  
around t he e x cavat ion t renches .  I n deed t h e  Common 
t o a d  Bufo lmfo is so  abundant  t h a t  Thorn ( 1 989)  
records t i1 a t  e<;ch su mmer baby frogs ( i n  fact toadle ts )  
a re a l l owed t o  m igra t e  t h ro u g h  t he H al l  a t  Repton 
school .  These toadle ts  are  a l l  m igra t i n g  from t he 
breed i n g  pond .  t h e  Old Tren t  Water .  D ur ing  t h e  peak 
per iod of toadle t  m igra t ion  an archaeo logical  t rench 
I 0 x I 0 met res.  a bo u t  85 met res sou t h  o f t  he  Old Tren t .  
caught  appro x i mately 0 .5  l i t res of toadle ts  each dav .  
which had t o  be carefu l ly ga thered u p  and released 
before excava t ion  work cou ld  proceed . The Smoot h 
newt Tri111ms F11/gari.1· i n  a lso common i n  t h e  area w i t h  
severa l an im als  h a v i n g  been fou n d  i n  t h e  te rres t r i a l  
p h a s e  dur ing  excavat ion  w o r k  in  t he C lois ter  G art h 
a n d  around S t .  Wys t ans C h u rch .  We have never seen 
Common frogs Rana 1c111poraria at Repton  dur ing  t h e  
S u m mer though  i t  i s  report ed b y  t h e  loca l  people t o  be 
present .  

I t  can be argued that  toads were not  represented i n  
t h e  robb i n g  holes .  dra in  a n d  m o u n d  because o f  a n  
associated -t rap bias for frogs a t  t hese s i tes .  The 
importance o f  archaeological  t rap  b ia s  for frogs or 
toads  i s  not k nown but we note  that t he  bone mater ia l  
at these s i t es conta i ned a broad spectrum of s m a l l  
mammal species w h ich suggets that t hese p i tfu l  t raps 
were surpri s ingly unselect ive. We suspect t h at the frogs 
and t oads s imply fel l  i n to  t hese archaeological features 
by accident and therefore the bone material does 
provide an unbiased p icture of  local anuran 
abundance. 

Why has the anuran popu lat ion i n  Repton changed 
so drast i cal ly from frogs to toads s ince the e ighth and 

n i n t h  cent u r�' when on ly  frogs appear to have been 
present '? The Common toad had a lready become wel l  
est ab l i shed bv t h e  fou rt eenth  ccn t ur v .  A poss i ble 
e.\p lana t ion  m ay be the format ion of an o.\-bow l a k e  
produced w h e n  t h e  Trent R iver changed i t s  cou rse. 

The V i k ing  armv sa i led up  t h e  Trent R iver which in 
874 flowed past t l;e seven met re h igh b l u ff on which 
Repton s tands .  H owever bv 1 576 t he R iver had 
chant(es course to i ts modern chan nel some 850111 to 
the n� rt h (Sa.\ ton .  1 576 i n  Cameron. 1 973 ) .  leaving an 
o.\- bow lake  ( t he  Old Trent Water )  wh ich  has 
grad ua l ly  s i l t ed up s ince t h is  t i me .  This  change in  the 
r iver  m av have been produced as  a res u l t  of  ser ious 
flood i n !!  k nown t o  have occurred at  t he end or t he 
t h i rteen� h or ear lv rou rteent h ccn t 1 1 rv ( Cameron. 
1 97 3) .  Bv 1 699 G i i  bert Thacker of  R e  pt on H ouse  was 
al  ready �oncerned t hat  the old channel wou ld turn i n t o  
a s t a n d i ng p o n d .  a l t hough i t  wou ld  appear tha t  water 
s t i l l  n owed freelv i n  t he O l d  Trent at t h i s  t i me 
( K i t ch ing. 1 988 ) .  

The Common toad  i n  modern t i mes breeds 
successfu l l v  in t h e  Old Trent desp i t e  it be ing well  
s tocked w i

.
t h  fi s h .  The la rge pond appears to prov ide 

ideal  breed ing condi t ions for toads which a re k nown to 
prefer deep water and permanent  ponds. cont rast ing  
t h e  Common frog which  breeds in  t e m porary or 
sha l low ponds ( S m i t h .  1 973 ) .  Common toads w i l l  even 
breed a t  t he edge of  l a rge reservo irs ( R a xwort hy .  pers. 
obs. ) .  Beebee ( 1 979)  report s t h a t  the Common toad is 
able to domina te  t he Common frog i n  l a rger o l der 
ponds wh ich have f"i sh popula t ions .  This probably 
renects t he u n pa l a t a b l e  na t u re o f  toad t adpoles lo fis h .  
Perhaps the  i n creased abundance o f t  he C o m m o n  toad 
in the fou rt een t h  cen t u ry can be a t t r i b u table t o  t h e  
for m a t i o n  of  t h e  ox-bow lake  dur ing  t h e  floods of  t he 
l a t e  t h i rteen t h  or early fou rt e e n t h  cen t u ry .  Provided 
t he water was slow nowi ng. t h e  old meander of the  
ri ver cou ld  have  p rovided a s u i t able breed ing  hab i ta t  
which previous ly would not  have  been avai lab le. 

We cannot  o ffer a fi rm exp lana t ion for t h e  appare n t  
decl i n e  in  t h e  Common frog at Repton i n  modern 
t i mes .  There is  no  evidence of  d i rect com pet i t ion  
bet ween t h e  Common frog and Common t oad 
t herefore the most  l i k el y  e x p l a n a t i o n  i s  a cha nge i n  t h e  
local hab i t a t .  Poss ible frog breed ing  s i tes  s u c h  a s  
sma l l e r  ponds i n  m arshy areas close t o  t h e  Trent  r iver  
may h ave been d ra ined i n  recen t  t imes. Cer ta in ly  we 
were unab le  t o  fi n d  sha l low ponds a round  the 
excavat ion s i t e s  a t  R ept o n , and breed i n g  s i t es for the  
Common frog may now be scarce i n  the area. 

The M ou n d  

There are several q uest ions  associated wi th t h e  
a m p h i bian  bones fou n d  i n  t he m o u n d .  F i rs t lv how 
s ign i ficant was t h e  dis turbance made by t h e  prev ious 
excavat ions and secondly how were these bones 
deposi ted'l 

Considering the  first q ues t io n i t  is clear that some 
frog bones had never been d is turbed after the  mound 
was fi rst formed in  the  n inth century. E ight frog i l ia 
were fou nd i n  the undisturbed squatter occupat ion 
layers and in  the  clean Keuper mar l  of  the bur ia l  
chamber. The rema in i ng 5 8  i l i a  were fou nd i n  Thomas 
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Walk er's distu rbed deposits of t h e  seventeen th  
cent u ry .  56 i l ia were Common frog and jus t  two i l i a  
were Common toad. 

The evidence from the deposits of the fourteen th  
century crypt and t h e  s ixteenth century saw-pit both 
demonst rate t ha t  the Common toad was well 
es tabl i shed in Repton at t h is t ime . This contrasts t he 
eighth and n in th century when only frogs were found 
in the robbing ho l es and d ra in .  The rar i ty  of the 
Com mon toad bones from the mound suggest that 
t hese bones from the  mound do belong to  the n in th 
century and have received l i t t l e  contaminat ion dur ing 
l ater excavat ion work .  I f  t he mound bones had been 
subject to contam inat ion in the  s ix teenth cent ury or 
more recent ly we fee l  certa in  t hat many m ore toad 
bones would have been discovered. However we can 
not say that no contaminat ion has occurred, only that 
i t  appears t hat most of  the amph ibian bones are 
contemporary wi th other eight h and n in th  century 
depos i t s .  

A l ternat ive evidence a l so suggests that the sma l l  
bone m ateria l  of  the  mound is  n in th  cent u ry .  Many 
smal l  m a mmal bones have been recovered from the 
cha me I ,  i nc luding voles, shrews, woodmice ,  housemice 
and m oles. However no brown rats or rabbits have 
been found  ( Pfeiffer, 1 987) .  Both  these species on ly  
i nvaded England in  post-Anglo Saxon t imes .  

Assum i ng that  t he frogs are  from the n i n th  century. 
how did t hey get into the mound and among the 
charnel7 The mound was covered by a low cairn of 
i rregu la r  stones . This has never been covered by more 
t han a t h i n  layer o f  top soi l  and i n i t i al ly t he cairn may 
have been complete ly exposed . U nder these condi t ions 
i t  is not to  d i fficu l t  to  i magine frogs find ing t here way 
between the large stones in to t h e  sunk en bu i ld ing 
conta in ing  the hu man bones. and some i ndiv iduals 
may eas i ly have become trapped.  As top so i l  
accum ulated on the mound.  e i ther na tura l ly or 
perhaps scraped up at a later date. then the voids 
between the stones would h ave become  sealed. 
p revent ing subsequent i m migrat ion .  

CONCLUSIONS 

The u n usual  q uant i ty  of  frog and toad bones 
col lected at Repton appears to have been the 
accidenta l  resu l t  of the  robbing ho les. saw-p i t .  crypt . 
dra in and bur ia l  mound a l l  act ing as h istor ical  p i tfal l  

t raps .  These amph ibian bones suggest t hat in t he 
e ighth and n in th  cen tu ry the  Common frog Rana 
1emporaria was abundant at Repton. whi le  the 
Common toad 811(0 hufo was rare or even absent .  
However by t he  f�urte�nth cen t u ry toads were well 
establ ished and in modern t imes have become 
extremely abundant .  This change may be associa ted 
wi th  the  format ion of the  Old Trent Water ox-bow lake 
which was formed between the  n inth and s i x teenth 
century .  

The  very h igh proport ion of frog bones recovered 
from the charnel in t he  Vik ing bur ia l  mound suggest 
that  t h ese sma l l  an imals bones ela te  from around the  
n i n th cen tu ry and conta in  l i t t l e  subsequent 
contam inat ion .  
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A BSTRACT 

The annua l  cycle of a populat ion of Smooth newts ( Tri111rus 1•11/garis 111eridio11alis) was s tudied at a tem porary 
pond in Centra l  I t a ly .  T iming of migrat ion d iffers from th; 1 t  descri bed in northern count ries. I mmigrat ion and 
reproduct ion take place as soon as weather cond i t ions  a re favou rable (December) . ma les arr iving ear l ier than 
females .  Emigrat ion lasts a short period (Apri l-May) and ends before pond des iccat ion (.J u ne) .  Summer drought is 
therefore not a l im it i ng fact or for adult act iv i ty as i t  is for l arval s urv iva l .  The aquat ic  period is short compared to 
that  of  northern populat ions and during the summer terrestr ia l  phase probably l i t t l e  act iv i tv occurs .  Ma les exceed 
females in  the breed ing popula t ion .  In part i cu l a rly d ry condi t ions not all the female popu l at ion reaches t he  pond .  
The average growth rate dur ing the aquat i c  phase is appro .x imate lv  I mm.  An hypot hesis on the  i nn uence of  
enviro nmental  condit ions on adu l t  body s i ze  i s  suggest ed. 

I NTRODUCTION 

Many stud ies have been carried out  i n  the  pas t  few 
years on the ecology of Tri111ru.1 \'11/garis L. main ly  i n  
N orth a n d  Centra l  Europe .  This research was o n  
populat ion dynam ics ( Be l l .  1 977 .  B l a b  and  Rlab.  1 98 1 .  
Gr i ffiths .  1 984. Verrel l  and H a l l iday. 1 985 ) .  on several 
aspects of  reproduct ion ( Be l l  and L awton.  1 975.  
H al l i day. 1 977. Verrel l Cl al . .  1 986) .  on the n iche 
(Do lmen.  1 983 .  Dolmen and Koksv ik .  1 983 .  Gr iffith s .  
1 987 ) ,  on the age determ ina t ion  and growth rates 
( Hagstrom, 1 977.  1 980. Verrel l  and Fra nci l l on .  1 986.  
Verrel l .  1 987 ) .  The ecology of  the I ta l i an  subspecies 
Triturus vulgaris meridiona!is (Bou lenger) has not  yet 
been s tudied .  The present distr ibut ion of  newts in I ta ly  
m ight have been i nnuenced by historical factors 
however c l imat ic  cond i t ions. such as temperature and 
ra in fa l l ,  probably also have a strong effect (Giacoma.  
1 98 8) .  

The  pond  wh i ch  we i n vest igated l ies on the  
Pres ident 's  Estate of Caste lporziano,  a few k i lometers 
sou t h  of Rome .  The Estate is one of the  l ast areas on 
the Tyrrhen ian Coast s t i l l  covered by noodp la in  forest .  
I t  i s  a l so close t o  the  southern l imi t  of the dis tr ibut ion 
area ofTriturus 1'11/garis meridiona!is. At Castelporziano 
the c l imate is part i cu lar ly dry, the long summer 
drought causes ponds to dry up completely. th i s  i s  the 
most  dramat ic  even t  in  the  newts '  annua l  cyc le  but i t  is 
a lso affected by other variable facto rs such as 
temperatu re, ra infa l l  and the succession of  the aquat ic  
i nvertebrate communi ty .  Average pond water level 
varies from year to  year s ince water comes exclus ively 
from rainfal l .  

A t  Castelporz iano Triturus vulgaris meridionalis 
spends l ess t ime  i n  water than  northern popu lat ions 
and i t  has l i t t le  terrestr ia l  act iv i ty  in  the s ummer, thus 
research on growth was undertaken dur ing its aquat ic  
phase in  a temporary pond.  
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M ET H O D S  

The Pre:; ident 's Estate of C aste l porz iano . str ict ly 
closed to t he pu bl ic . extends from the  sea coast 
towards Rome for about l 8km .  The cl ima te in th i s  area 
is very dry espec ia l ly dur ing t h e  long summer period 
when also the  temperature is h igh  ( Fig. I and Fig . 2) .  

The pond which we chose for our  s tudy s ite ,  has a 
su rface a rea of about 400m2 a n d  a max imum depth of  
80cm. I t  i s  a temporary pond wh ich l i es a t  sea level i n  
typical M edi t erranean  maquis .  The aquatic vegeta t ion 
cons i s t s  of fi l a mentous  a l gae (Sp rrngira and 
C/adnphora) an d h erbaceous p lan ts  such as Ra111111rn/11s 
and Me111/Ja. The pond is a breeding s i t e  for Tri111ms 
1•11/gari.1· 111eridin11a/is. Tri111r11s rnrnifex. Rana da/111a1i11a. 
Rana esc11/e111a 'complex' a n d  /-fr/a arhnrea. 
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Fig.  I M e a n  of the  m i n i m u m  a i r  t e m pe rat u r e  recorded each 
mon t h .  d u r i n g  the t w o  vears of observa t ions .  
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O N D J F M A M J  
Fig .  2 M e a n  rai n fa l l  recorded each m o n t h .  d u r i ng t h e  t w o  
years o f  observa t ions .  

Data reported in t h is paper refer to the per iod from 
November 1 988 to June  1 989 (data recorded t h e  
previous year have been used for compar ison) . We  
at tempted t o  i nsta l l a drift fence w i t h  p i t fa l l  traps but 
these were cont i nuously damaged by the nu merous 
wild boars which l ive on t h e  Estate. N ewt s  were caught  
week ly  by dipnet t i ng. Due to the  tu rbid wa t er the pond 
cou ld only be i nvest igated randomly .  D i pnett ing was 
performed for a total of one hour  and a half by at least 
two people s imu l taneously al l over the pond.  

An 0 .3 :  1 000 solut ion of phenoxyethanol was used to 
anesthet ize the newt s .  The sex of each an imal  caught 
and its secondarv s e x u a l  charact ers were recorded. 
t ogether vv i t h  its snout-vent lengt h ( to the nearest 
I mm). I ndividuals were t hen marked by c l ipp ing  toes 
to show date  of capture :  each com bi na t ion  of toes 
c l ipped was un ique  for a week l y  s amp l i ng . Furt h er­
more t h e  bel ly-pa t t e rn  of everv newt was recorded 
(photographica l ly )  for ind ividual recogn i t ion .  Anv 
charac ter i s t i cs such as t a i l  i ndenta t ion a n d  l imb 
deform it ies were a l so  recorded to a i d  in  iden t i ficat ion .  
Toe-cl i pped recapt u red newts  were measured aga i n  in  
order t o  ver i fv whe ther  t h e  an ima l s  had  gro ll' n .  The  
e x peri men ter who took t h e  m easurements was 
u naware of t he prev ious  s ize measured. 

The weekly s ize oft he  popu la t ion  (N i )  was est i mated 
us ing Cha pman 's mod i ficat ion o f  t he Petersen I ndex .  
The a bso l u t e  s ize of t he popu lat ion was obtai ned 
ca l cu l a t i n g N = :L N i/s- 1 ( w h ere s = sa m p l i ngs) .  and 
var iance (V)  was  ca lcu la ted as V( N )  = :L Vi/ (s- 1 ) 2 •  
( where Vi  = var i a n ce obta i ned each wee k ) .  ( Seber. 
1 973 ) .  T h e  mean t ime  spent  i n  water  by each i nd iv idua l  
was ca lcu la t ed cons ider ing the  mean recapture 
i n tervals between fi rst and last capt ures (Griffi ths. 
1 984 ). A n i mals  reca p t u red after  one  week on ly were 
excl uded from t h e  mean . 

R ES U LTS 

T 1 1 1  T1 � 1 1 :" c ;  O F  M 1 c ; R .\ T I O �  

Week l v  sa m p l e  data  show the seasonal m igra t ion 
pa t t erns ( F ig.  3 ) . The fi rst capt ure i n  1 988 was on 1 3t h  
Decem ber. T h e  n u m ber of  a n i m a l s  caught i ncreased 
u n t i l  M a rch 1 989. The est imated s i ze  of  t h e  popu lat ion 
(± standard devia t i o n )  which had visited the pond at 
t hat point  was 229 ±33 .  In 1 987-88 n ewts had fi rst been 
caught on 3rd N o vem ber a n d  t h e  in crease was 
o bserved u n t i l  M arch.  

Em igra t ion  s tart ed  in  th e same period in  bot h years 
( begi n n i ng of Apr i l )  b u t  it pro ceeded fas ter  in t he first 
year. I n  1 988 t h e  l a s t  newts were caugh t i n  wa ter on 
2nd M ay whereas i n  1 989 an imals  were s t i l l  present on 
l st June .  

S F \  R xrr n .·\ � l l  P n N n  R rs rn F NCY 

In 1 988-89 the overal l  male : female rat io was 1 . 72: I 
( 93 m a les and 54 fema les ) .  Males m igrated to the pond 
a few davs earl i er  than fema les .  and t h e i r  n u mber 
a lways e x ceeded t ha t  of females ( F i g . 4a) . The sex rat io 
in  Febru ary was 1 . 70: 1 and i n  M ay it was 1 . 25 : 1 .  I n  
M arch the  s ize o f  t h e  popula t ion was est imated as 
1 4 1  ±2 1 and 78± 1 7  for males and females respect ive ly .  
In  1 987-88 males i n it i a l l v  exceeded fema les. dur ing  the 
breed ing  per iod (December-March) the  rat io 
approached I :  I or was s l igh t l y  female-biased. and 
males em igrated fas ter ( Fig. 4b ) .  

The average t ime  s pent in  the water i n  1 988-89 is  
shown i n  Ta blc I .  In 1 987-88 t h e  recapt ure i n terval was 
never longer t han 84 days in e i ther ma les or females .  

Borw S r 7F ,\ N D  G Rn w11 1 R i\TF 

The m ean snout-vent lengths ( S V L  ± s .d . )  were 
34 .7  ± 2 .4mm (n = 93 )  and 35 .3  ± 2 . 7mm (n = 54) i n  
males and females respect ively .  Table 2 shows the 



ECO L O G Y o r  TR ! Tl R l 'S 1 ·u1. r ;  .. 1 R!S 5 1 1 

40 
(a) 

J OO  
(a) • Males 

D Females 
30 80 

,;:: 
OJ) 
::::> 
ro 

60 
u 20 "' 

� 
a.> 40 

z 
1 0  

20 

0 
Dec Jan Feb Mar Apr May Jun 

1988/89 

1 00 
(b) • Males 

D Females 
80 

to: 60 
a.> 
u ..... 
a.> 40 0... 

20 

0 
Nov Dec Jan Feb Mar Apr May 

1987/88 
rig.  4 Sn r a t i o  n p rcssed i n  perce n t a ge or rn a ks ; 1 n d  
k 1 n ; i l cs c;1 ug l i t  e a c h  \\'eek i n  1 9X8/89 ( a l  : 1 n d  1 98 7/RR ( h ) .  

m e a n  s n o u t -\ -en t  l c n !! t h s  measu red e a c h  m o n t h .  
( M o n t h l y  s a m p l i ngs <: l O  i n d i v i d u a l s  l ;ave been 
0 111 i t t ed. ) 

O f  t h e  27 reca p t u red newts ( 2 0  111 ; 1 lcs a n d  7 fem a l es )  
8 m a l es ( 40 per ce n t ) a n d  3 fc 111 a l es ( 4 3  per cent ) had 
i n cre a s ed by I 111 111 in  s i ze.  o n l v  o n e  i n d i v i d u a l  3 I mrn 
long was reca p t u red 3 wee k s  l a t er me: ts u r i ng 34m rn .  
N e w t s  were never fo u n d  d ecreased i n  s i ze. o 
corre l a t ion was noted between reca p t u re t i m e  i n t er v a l  
o r  l e n g t h  at  fi rst ca p t u re a n d  i n crease i n  s i z e .  T h ree 
ma Jes were reca pt ured t w i c e  a ft er q u i t e  a l o n g  t i m e .  A t  
t h e i r  fi rst  reca p t u re ( a ft e r  2 1 .  2 8  a n d  42 da�1s 
respect ive l y )  t h e i r  lengths had i n creased by I 111 111 . t h e  

seco n d  t i me t h ey were reca p t ur ed ( a ft e r  1 4. 2 8 .  3 5  d a y s )  
t h ev h a d  n o t  g ro w n  a n y  more.  

111111. 11111 \'. /11( '1//I ± 1 . d  

M a ks 1 2  I 0(1 3 7 ± 2(> 
( n  = 1 4 )  

re111 a ks 1 4  42 2 '.' i± 9 

( n  � (, ) 

TA R L f' I :  R eca p t u re i n t c· n ; 1 1 ' .  i n  d a i s .  nf n e \\· t s  c a u g h t  i n  
1 98 8/R9. ( 11 = s;1 m p k  s i/c' .  , . d . = s t and; 1 rd  de1· i a t i n n ) 

/-'chru111T . \ forch 

3 3 . R  ± 2 . 9 34.4 ± 2 . 0  
M ales 2 8  .;- 40 3 1  .;- JR 

(n  = JO)  ( n  = J5)  

.\4. 7 ± 4.4 J5.0 ± 2.0 

F c·ma les 28 .;- 42 J I  .;- 40 

( n  = 1 0 )  ( 11 = 24)  

April 

3 5 . 4  ± 1 . 9 

J I  .;- :19 

( n  = 29)  

35 .8  ± 2 . 2  

J.\  .;- 4 1  
( n  = 1 4 ) 

. \ fa r  

.\.'i . 4  ± 2 . 0  
J2 .;- J 9  

( n  = 1 5 ) 

J 6 . 0  ± 2. 1 

J .\ -7  J9 

( n  = 1 0) 

TA B L E  2: M e a n  of t h e  b<ith· s i 1es. i n  m m .  ( ± s . d . ) .  range a n d  s a m ple  s i ze n f t h c  newts c a u g h t  1 1 1011 t h l v  in 1 988/89.  



5 1 2  F IORENZA ACCORD! .  A R I E L A  MASSAREK A N D  G IOVA NI  NOB I LI 

D ISCUSS ION 

T1 1 r  T I M l '.\IG o r  M I G R ATIO N  

Our newt populat ion was present i n  the water  from 
Novem ber to May.  much earl ier in the year compared 
to populat ions of northern coun t ries. For instance in 
England immigrat ion starts in February-March and 
emigrat ion lasts from Ju ly to  December (Harrison cl al.. 
1 983 ,  Verre l l  and Ha l l iday. 1 985) . D ifferent water 
seasons  have also been observed i n  I ta ly accord ing to 
lat i tude and a l t i tude  of the breed ing s i tes ( Lanza.  
1 983) .  Temperatu re certa in ly  has an i n fluence on the 
annual  reproduct ive cycle (Ga lgano. 1 944. Mazzi . 
1 982) .  I n  our  s tudy area ra infa l l  is also i m portant :  i n  
autu m n  1 988 rain was very scant l im i t i ng  pond  refi l l  
( F ig. 2 ) .  t hus immigrat ion st arted later than the 
p rev ious year. Early pond drought due to lack of 
spr ing rai nfa l l  is widely known to be a l im i t ing factor 
for l a rval surviva l .  and may prevent metamorphosis 
occu rr ing at a l l .  In very dry areas one must a lso 
consider t hat scarce au tumn ra i n fa l l  may dangero usly 
delay reproduct ion .  

Be l l  ( 1 977) and B l ab and B lab ( 1 98 1 )  refer to autumn 
m igrat ions of newts which spend winter in the water 
and breed in  advance .  Lanza ( 1 983)  s tates that a 
breed ing period has occas iona l ly  been observed in late 
au tumn in I ta ly .  In sea level ponds in  centra l  l ta lv  
Smooth newts s tart breed ing usua l ly  in  late . lanuary­
beginn i ng of Febru ary. I n  our study area reproduct ion 
may also occur earl ier  ( I n  I 987 Smooth newt eggs were 
first observed on 1 6th  December. in  1 989 egg lay ing 
started at the end of February) . 

The i ncrease in the number of newts caught 
con t i n ued un t i l  March.  Imm igra t ion lasted at  l east one 
month longer than that observed by Verrell and 
Ha l l iday ( 1 985) .  When weat her condit ions were 
u nfavourable. i.e. scarce ra i n fa l l  affect ing pond refi l l  
(water level < I 5cm) .  few newts reached the  pond and 
the i r  number did not i ncrease cont inuously. As soon as 
water level stead i l y  exceeded 25cm mass migrat ion 
occurred (our case in  1 988-89). 

E m igrat ion l asted for a short period ( Apri l -May) .  
probably because environmenta l  condi t ions became 
unfavourable for newts .  We be l i eve water temperature 
t o  be a very important factor i n  the determ inat ion of 
emigrat ion t ime: an imals started to leave the pond 
when max imum water temperat ure approached I 5°C. 
I t  is re levant to note t hat adul ts l eave water long before 
desiccat ion ,  when the  water level is h igher ( 50cm) than 
that observed when immigrat ion starts .  Des i ccat ion i s  
therefore a l im i t ing factor for l a rval survival but  not 
for adu l t  act iv i ty .  

POND R rs 1 DrNCY 1\ N D  Srx R .l\TIO 

At  Castelporz iano est ivat ion  lasts fro m  June to 
September. On  both years newts were caught in  the 
water over a period o f  s ix  months ,  but each indiv idual  
was n ever recaptured for a period of over three 
months .  I n  England each ind iv idua l  spends a ;1 average 
of five months in the  water ( Verre l l  and Ha l l iday. 
1 985) ,  and h ibernat ion is  only two months long.  The 
average t ime spent i n  water. ca lcu lated using the  mean 
recap ture i ntervals (Gr i ffiths .  1 984), i s  not  as rel iable a 
method as the use o f  a fence. Our  data (underes t imated 

due to  the method used) show that newts spend a 
shorter period in the  water at the southern border of 
the ir  distr ibut ion area. 

Ma les and females migrate at d i fferent t imes. Ma les 
were caught ear l ier and in greater numbers than 
females. th i s  is i n  agreement wi th Harrison c l  al. 
( 1 983 ) .  Gr iffi ths ( 1 984). Giacoma ( 1 985) .  The sex rat io 
varies during pond residency. i n  1 987/88 i n i t ia l ly  
males exceeded females. later the t rend was inverted. 
whereas in  1 988/89, even though the number of both 
males and females grew. ma les always exceeded 
females. 

In I i t  era tu re data on  the sex rat io of Tri lill"llS 1•11lgaris 
are con t radictory. G landt ( 1 978) and  Hagstrom ( 1 979) 
fi nd a I :  I ratio in water. Harrison cl al. ( 1 983)  and 
Verrel l and Ha l l iday ( 1 985) fi nd an excess of females 
that is less marked as the  aquat ic  period progresses. 
Griffi ths ( 1 984) catches an excess of males in the water 
but the opposi te happens on land .  Two hypotheses are 
suggested (Gr iffi ths .  1 984. G i l l .  1 978. 1 979 for 
No1hopl1 1almus viridescens) to exp la in  the excess of 
males i n  the aquat ic populat ion :  I )  morta l i ty  is h igher 
among females than among males. 2) females do not 
breed every year. A shorter period of pond res idency 
by females might also expla in why t he sex rat io  appears 
to be ma le  biased. Our  observat ions suggest that the 
sex rat io of t  he popu la t ion is not a ffected by morta l i ty .  
The females' rate of i ncrease was lower than that of  
males in  1 988-89. whereas dur ing the  previous year  the 
number of  females exceeded that  of  males dur ing most 
of the aquat ic period. A s imi lar  pattern was observed 
over the  two years in a sympatr ic populat ion of 
Trin11·11s camifcx. A poss ible exp lanat ion of th is  
phenomenon ( not breeding of females) might be the 
except iona l ly  dry weather of the year 1 988/89. 
B iennia l  sexual cycles have been observed in  female 
populat io ns of Plethodont idae by Maiorana ( 1 976). 
They were related to energet ic reasons due to l im ited 
act ivi ty in unfavourable dry weat her condit ions .  

GROWTH R i\ Tr AND BooY S 1 zr 
Triwrus vulgaris is k nown to have indeterm i nate 

growth (see Verrel l .  1 987) .  Adu l t s  spend part of the 
aquat ic  season to  feed and grow. Throughout th i s  
season not  every s i ng le  i ndiv idual  grows. nevertheless 
at the l evel of the populat ion average body s ize 
i ncreases. An  increase i n  mean snout-vent length of 
+ 1 . 6  i n  ma les and + 1 . 3 i n  fema les was observed in  the 
newts caught .  At  i nd iv idua l  l evel t he  growth rate was 
appro x i m ate ly I mm .  These data are in agreement w i th  
t hose reported by Verre l l  ( I 987) .  a l though 40 per cent 
oft he newts recaptured had i ncreased in size. whi le this 
author found  an i n crease in 77  per cent of  them. 
D i fferences between t h ese resu l ts  may be due to  the 
shorter recapture int erval i n  our  case. or to  d ifferent 
approx imat ion in  the measurements (0 .5mm vs I mm).  
The short recaptu re i nterval probably also expla ins the 
l ack of  relat ionsh ip between size at  first captu re and . . mcrease 111 size. 

Adu l t  growth rate varies among populat ions and 
years ( Hagstrom, 1 977) .  N o  data on t h is rate  wi th in  a 
year are avai lab le except Verre l l ' s  ( 1 987) .  A I m m  
i ncrease i n  Trillirus vulgari.� mcridionalis 35mm long is 
greater in percen tage than the same i ncrease i n  Triturus 
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rnlgaris rnlgaris 4 5 m m  l o ng. ( 2 . 8 5  per ccn t \·s 2 . 2 2  per 
cen t ) . H owever growt h ra t e  s lows a ft er a t t a i 11 11 1c 1 1 t  of 
sexual  m a t ur i t v  ( H a gst rii111 . 1 977.  1 980) .  sca rce!\' 
a ffect i n g  a d u l i  hod\� s i ze.  T i l lev ( 1 9 7:1)  1-c p o rt

.
s 

a l t i t u d i n a l  s i z e  cl i nes 1 11 a d u l t  /)cs111ng11a1/z11s 
nchrnphaeus as a conseq u e n ce o f: · 1 )  c o n s t a n t  age at 
m a t u r i t v  and variable  j u v e n i l e  growt h rates.  2 ) const a n t  
j u v e n i l e  gro w t h rates a n d  v a r i a b l e  age a t  m a t u r i t v .  or 
3) bot h . '  In  Trinirus rnlgaris sexual  m a t u r i t y  is  
d et e r m i ned bv age. n o t  s ize ( Ve rrel l and F r a n c i l l o n .  
1 986) .  t h u s  bodv s i z e  renccts m a i n l v  j u v e n i l e  growt h  
r a t e .  

The m e a n  bodv s ize  regist ered i n  Cast e l porzi a n o  is  
the s m a l lest among other popu l a t i o n s  of cent ral  and 
n o rt h e rn  l t a l v .  U n favourable  weat h e r  a n cl h a b i t a t  
con d i t i o n s .  i . e . coas t a l  a n d  x e r i c  h a b i t a t s .  111 a k c  food 
con s u m p t i o n  i rreg u l a r  d u r i n g  t h e  t erres t r i a l  _ juven i l e  
p h ase.  I n  coo l e r  a n d  h i gher breed i n g  s i t e s .  su r ro u n ded 
by m o i s t  l i t t er .  faster  gro w t h probablv occurs.  T h i s  
a ss u m p t i o n  i s  based o n l v  o n  ecological  s u rveys. we a rc 
n o t  aware of t h e  degree to w h i c h  t h is  p h e n o m e n o n  h a s  
a genet ic basis .  

Fecu n d i t y  in  Tri111ms \'11/garis is  s i ze-s pecific :  l a rger 
fe m al es lay m o re and l a rger eggs w h i c h  h a t c h  earl ier  
( see Bel l .  1 977  and V e rr e l l  et al . . 1 986) .  A s m a l le r  hodv 
s i ze m ay a lso a ffect several  fea t u res o f  the populat i o n :  
s i z e .  a ge d is t r i b u t i o n .  egg a n d  l a rval  s u r v i v a l .  F u r t h e r  
research o n  t h is  t o p i c  w o u l d  be o f  i n t eres t .  
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A BSTRACT 

The behaviou r of 5 1  i ndiv idual ly known spectacled caimans ( Caiman crocndi/11s) was studied in the  Llanos 
savan nahs dur ing t l1e fi rst half of the ra i ny  season .  At the onset of the ra ins caimans left their d ry season refuge. a 
perma nent pond. to colonise the  appear ing temporary lagoons. Ca imans less than one year old did not leave the 
pond .  Despite reports of terr i tor ia l i ty in t h is species. no i ndicat ion of  territorial behaviour was found during the 
colon i sa t ion of l agoons .  N i ne ty  per cent of the ca imans were nomadic. Their movements between water bodies 
inc luded the permanent pond.  Res idence in a study lagoon was up to one week long and was fo l lowed by prolonged 
periods of absence. Dur ing the i r  res idence t ime in  the lagoon.  some ca imans showed site fide l i tv .  ot hers did not .  
There was considerable over lap of caiman ranges in  the lagoon .  but ca imans showed spaci ng behaviour when 
s imu l taneously in the water .  Priority of access to resources in  ca imans and other crocod i l i ans is apparent ly 
determined by the  body s ize of compet i tors and not by t he s i te  of agon is t ic  encounters .  I t  is a rgued tha t  the social 
behav iour  of crocodi l ians  is characterised by an abso lute  dom inance h ierarchy based on body size. ra ther than 
terri tor ia l i ty .  

R ESUMEN 

E l  comportam iento d e  5 1  ca imanes ( Caiman crocodi/11s) marcados indiv idualmente fue estud iado e n  !as sabanas 
de los L lanos durante la primera m i tad de la estacion l l uviosa .  A l  comenzar !as l l uv ias. los ca imanes abandonaron  el 
charco  de aguas permanentes ( moricha l )  donde se refugiaron duran te la estac ion seca y colon izaro n  !as lagunas 
tempora les (esteros) que se comenzaban a formar. Caimanes menores de un  afio de edad no abandonaron el 
mor icha l . No obstante  previos i n formes de terri tor ia l i smo en esta especie. no hubo n i nguna ind icacion de 
comportamiento terri torial durante la colon izacion de esteros. E l  noventa por ciento de los ca imanes fueron 
nomadas e i nc luyeron e l  charco permanente en sus movimien tos en t re lagunas .  El t i empo regu lar  de res idencia en cl 
estero es tud iado fue de hasta una semana ,  segu ido por periodos de ausencia prolongada a n tes de un  regrcso 
eventua l .  Durante la res idencia en el estero solo a lgunos ca imanes se mostraron fieles a un determ inado sector. 
Cuando estaban s imultaneamente en el agua los ca imanes mostraro n espec iamiento entre s i .  pero cl t ras lapo cn t re 
!as areas usadas por cada i nd iv iduo fue considerable. En  caimanes y otros  crocodi l idos el acceso prior i tar io a 
recursos es aparentemente determi nado por el tamafio de los compet idores y no  por la loca l idad de! encuentro 
agonist ico. Se argumenta que en vez de terr i tor ia l i smo. el compartam iento social de los crocodi l idos se caracteriza 
por una  jerarquia abso luta de domin io  basada en tama1io corpora l .  

I NTRODUCTION 

Reports of terr i tor ia l i ty among  spectac led caimans 
( Caiman crocodi/us) may be mis l eading due to  a lack of 
consistency in the  defi n i t ion  o f  terri tor ia l  behaviour. 
Terr i tor ia l i ty has been i n ferred from observat ions of 
s i te fide l i ty  (Medem, 1 962; Gorzu la ,  1 978 ) .  d isplace­
ment behaviour (Medem. 1 962 ;  Staton and  Dixon .  
1 97 5 )  and breed ing  s i te defence by capt ive females 
( A lva rez de! Toro . 1 974). A lt hough these are typical 
e lements of terri tor ia l  behaviour ,  none a re sufficient to 
demonstrate terri toria l i ty  accord ing to  more recen t  
defi n i t ions of  the  term. K au fmann  ( 1 983 )  reviewed the  
concepts of territ or ia l i ty and dominance. defi n ing the 
fi rst as a space-re lated dominance, whereby the 
terri t o ry is ' . . .  a fi xed port i on  of an  i nd iv idual 's or 
group's  range i n  wh ich i t  has pr iori ty of  a ccess to one 

or more cr i t ica l  resources over others which have 
prior i ty e lsewhere or  at another t i me. This priority of 
access must be achieved through socia l  in teract ion . .  . ' .  
Terri tor ia l i ty  is a form of rela t ive dominance ( re lat ive 
to locat ion of the  contestants)  whereas an  absolute 
dominance h ierarchy  (e .g .  based on body s ize) is 
i ndependent of loca t ion  and t ime .  

In  the  savan nahs of  northern South  America. large 
aggregat ions of spectacled ca imans are found in the 
scarce permanent ponds dur ing the  dry season (Staton 
and D i xon ,  1 975 ;  M arcel l i n i .  1 979) .  Dur ing the ra iny 
season .  extens ive a reas of grass land are flooded . 
formi ng temporary lagoons. Ca imans move from the ir  
dry season refuge to the  new lagoons and retu rn  to  the 
permanent  ponds when the lagoons dry out (Staton 
and D i xon ,  1 975 ;  Gorzula ,  1 978 ) .  The presen t  s tudy 
describes the behaviour of 5 1  i ndiv idual ly known 
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Fig .  I The s tudy s i te .  showing the perm a n e n t  pond P and the growth of t h e  t e m porary l a goons T over t h e  course of the ra i n v  
sea s o n .  T I .  T2 a n d  T:l are cons idered toge t h e r  i n  t h e  t e x t  a s  t h e  t e m porary l agoon of t h e  st udy .  T h e v  became a cont i n uous  water  
bodv i n  J u ne .  T4 was vis i ted sporad ica l ly  and not  inc l uded in  t h e  n ight l y  census .  The n e x t  t e m pora ry l a goon (T5.  n o t  on t h e  m a p )  
was  located I km to t h e  northeast of P. 

caimans dur ing the ir  colonisat ion of temporary 
lagoons.  The study period corresponds to the mat ing 
season of caim ans in th i s  environment (Staton and 
Dixon,  1 976) . The i nadequate use of the  concept of  
terr i tor ia l  behaviour is  di scussed in respect to former 
reports of terri toria l i ty  i n  this species and other 
crocod i l ians .  

M ETHODS 

The study took place at the Hacienda Los Naranjos 
(4° 1 3 ' N. 73° 1 6' W.  400m above sea leve l )  in the 
Colombian L lanos. The L lanos is  the seasonal  
grassland savannah located northeast of the Andean 
range.  both west and east of the Ori noco river. For 
descri pt ions of  this region see publ icat ions by H ueck 
( 1 966) .  Staton and Dixon ( 1 975 )  and Cabrera and 
Wi l l inck ( 1 980) .  There is a s ingle ra i ny  season usua l ly  
from Apr i l  to  N ovember. and a dry season from 
December un t i l  March. Average annual  ra infa l l  i n  t h e  
s tudy area is  3438m and  t h e  average temperature i s  
25 . 7°C (writ ten comm .  H IMAT,  Bogota) .  The  data 
were col lected da i ly  between 12 Apr i l  1 986 and 20 Ju ly  
1 986. Th i s  period corresponds to  the fi rst ha l f  of  the  
ra iny season .  Ra infa l l  at the s tudy s i te was  recorded 
dai ly .  

The spectacled caiman ( Caiman crocodi!us L . )  i s  
com m on i n  t he  study region, where i t  i s  sympatr ic wi th  
two other  A //igatoridae species: Pa/eosuchus pa/pebrosus 
and  Pa/eosuchus trigona111s (Medem, 1 98 1  ). The study 

populat ion was never hunted for commercial pu rposes. 
Dur ing th i s  study 1 9  female ,  22  male and 1 0  unsexed 
Uuven i le) ca imans were captured, measured, marked 
and released . Thei r s ize range was I 6 .6cm to 75 . 1  cm 
snout-vent-length (SVL,  measured to the an terior end 
of  the cloaca ) .  Three age categories were defi ned us ing 
growth data for free-ranging spectacled caimans 
publ ished by Gorzula ( 1 978) :  

- Juveni les ( 1 3 ): SVL <36 .0cm. An imals  less than 
th ree years old. 

- I mmatures ( 26) : SVL 36 .0cm-50 .0cm.  
- Adul t s  ( 1 2) :  SVL >50 .0cm. An ima l s  7 years i n  

age  or more. Females sexual ly mature 
( R ivero-B lanco, 1 974). 

I nd ividua ls  smal ler than I OOcm total length were 
captured by hand. seizing the neck and the base of the 
ta i l  s imu l taneously .  Larger ca imans were hooked 
around the neck against the ground, then secured wi th 
a noose to pu l l  them out  o f  the water. Captured 
ca imans were weighed, res t ra ined on a board and then 
sex was determ ined by cloaca I probing (after B razai t i s ,  
1 968) and/ or visual  examinat ion of the c loaca wi th an 
otoscope. After tak ing morphometrical data, the  
ca imans were ind iv idual ly marked us ing a code of  
ho les  punched in to the prox ima l  vert ical  scales of  the  
t a i l  and  a number painted on  the i r  backs w i th  fast 
drying meta l l ic pa in t  for model a i rp lanes. This number 
remai ned recognisable for about s ix weeks .  An  attempt 
to  mark the  ca imans us ing reflect ive tape was 
u nsuccessfu l .  The d ifferent coloured dots at tached to 
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the craneal  p late with cyanoacrylatc bonder fel l  off 
w i th in  one week due to shedding of the  Srrarum 
corneum. A detai led descrip t ion of scars, injuries and 
o.the r  conspicuous marks was recorded on each 
individual 's fi le .  Wi th in  one hour of  capture the 
caiman was released at the capture l ocat ion .  Data on 
morphometry, injuries, popu la t ion structure ,  and 
habitat cho ice w i l l  be publ ished elsewhere. 

The p resent s tudy was carried out at  n ight for two 
reasons:  I .  The assumpt ion that during the ra iny 
season cai mans are most  act ive at n ight .  2 .  Close 
approach for ident ificat ion and eventua l  capture of 
submerged ca imans during the day is a lmost 
i m poss ib le due to  the shyness of the an ima l s .  Data on 
the a ct ivity of ca imans in the d ry season i ndicate that 
over 80 per cent of  the ind ividuals are found in  the 
water between 2000h and 200h at n ight (Marcel l i n i ,  
1 979) .  N ight ly water temperat ure varia t ion between 
24 .3°C and 29 .6°C at the t ime  of census ing did not 
corre late with ca iman act iv i ty  (Staton a nd Dixon ,  
1 975 ) .  Comparable data  for the  ra iny season is not  yet 
avai lable .  

Ca imans can be easi ly l ocated a t  n ight us ing 
spot l ights s ince the ir Taper11111 /11cid11111 renects the l ight 
in tens ively reddish to orange and,  at  c lose range .  
whi te .  N ight censuses have been est imated to  record 
over 90 per cent of the ca imans in a pool (Staton and 
D ixon .  1 975 ) .  The study lagoon ( Fig. I ,  T I + T2 + T3 ) 
was censused w i th in  1 5  m inutes between 1 900h and 
300h each n ight .  The t ime depended on weather 
condi t ions. The pos i t ion of each ca iman was recorded 
us ing compass t ri angulat ion and landmarks around  
the l agoon. Approach and ident ifica t ion  of marked 
i ndiv iduals  and the  capture o f  unmarked ones were 
performed after fin i sh ing the census.  Duri ng ra in s  the 
water  surface became rough and submerged ca imans 
cou ld  not be seen .  making ident ificat ion d ifficu l t .  
Successful  iden t i ficat ion was achieved i n  5 2  per cent of 
a l l  s ight i ngs (N= 1 89 ) .  Data on the relat ive pos i t ions of 
caimans  and censuses at  the permanent  pond are 
excluded from the  ana lyses, because observat ions here 
became inaccurate as cyperaceous vegeta t ion i ncreased. 
Stat i s t ica l  analyses, un less oth erwise ind i cated were 
performed us ing the softwa re stat i st ics package 
M i n i tab (C)  at  the  Computer Ma in  Frame of 
Cambridge Un iversity (UK) .  

RESULTS 

1 .  Colonisation of temporary water bodies 

At  the  onset of the  ra i n y  season i n  m id-A pr i l  
temporary lagoons s tarted to  a ppear i n  the v ic in i ty  of 
the  s ingl e  permanent  pond of  the  study a rea ( Fig. I ) .  
A t  t h e  beginn ing o f  observat ions  ( 1 2  A pr i l  1 986)  30 
ca i mans  were counted i n  the 0. 1 4  ha perm a nent  pond .  
Thereafter, a successive dec l i ne  of caiman numbers 
was recorded. Five weeks after the i n i t ia l  census less 
t han  t h ree ca imans could be regular ly found in the 
permanent pond .  The first lagoon a ppeared on 
22 A pr i l  1 986 w i th an  area of l ess  than  0 . 2  ha .  Five 
n ights later t h ree caimans were sighted in  i t .  

Ten ca imans .  less t han  one year old, were marked in  
the  permanent  pond dur ing the  first three weeks  of the  

study.  They were often res ighted i n  the same pond. but 
never in the temporary lagoon .  The two year old 
female  F-7 (SVL = 26.9cm ) was the youngest ca iman 
recorded cover ing the  1 80m which separa ted the 
permanent pond from the adjacent lagoon ( Fig. I ) . A 
s im i lar  resu l t  is reported by Gorzula ( 1 978) .  who found 
caiman hatch l i ngs on ly in permanent ponds of a 
seasona l  savannah i n  Venezu e la ( but see Ouboter and 
Nanhoe. 1 988 ,  for swamp forest habitat ) .  

Out  of  27 ca imans (yearl i ngs i ncl uded ) marked in 
the permanent pond between 1 5  Apri l  1 986 and 4 June 
1 986 ,  22  per cent were res ighted dur ing that per iod i n  
the same pond, 4 4  per cen t  were resighted in  the 
adjacent lagoon .  and 34 per cent were not seen aga i n .  
No ca iman ident i fied i n  t h e  temporary lagoon between 
26 Apr i l  1 986 and 28 May 1 986  was resighted in  the 
permanent pond (N = 1 3 ) .  Thus, duri ng the fi rst month 
of the ra iny season caimans moved from the 
permanent  pond to temporary lagoons, but apparently 
not i n  the opposite d i rect ion .  Later in  the season .  
however. movements from the  lagoon to the 
permanent pond were observed (see below). 

A l though vegeta t ion  in  the permanent pond made 
the n ight ly censuses from June onwards inaccurate. 
s ight ings in  June inc luded two adu l t  females .  two adult 
ma les, one immatu re male  and several juven i les .  This 
shows that dur ing the  ra iny season the permanent 
pond was st i l l  used by caimans of  al l  age categories and 
both sexes. 

2 .  Movements between lagoons 

Twelve i nstances of movements from the permanent 
pond t o  the lagoon by known indiv iduals were 
recorded.  Movements between l agoons or from these 
to the permanent pond were recorded five t imes. One 
example of such movements was the immature male 
M-9 (SVL = 47 .5cm) ,  marked i n  the permanent pond 
on 28 A pril 1986. resighted there on  29 Apri l  1 986 and 
5 May 1 986,  then seen in the lagoon T3 on 1 2  May 1 986 
and. one month  later. i n  l agoon T4 ( F ig. I ) . Short 
distance movements between the lagoons T I ,  T2 and 
T3 ( Fig. I )  when th ese were s t i l l  d iscrete water bodies 
are cons idered as movements 1rirhin the study lagoon .  
Th i rty  ca imans recorded for an  average to ta l  t ime of  
2 .4  days  i n  the  s tudy  l agoon .  ou t  of 76 days of  
observat ions ( sec below), are assumed to  have moved 
between d is tant  water bod ies i nc lud ing a brief stop at 
the s tudy lagoon.  Caimans were seen t rave l l i ng 
through the savannah  on two occasions dur ing 
dayl ight (900 hou rs. 1 000 hours )  and once i n  the  
even ing  ( 1 900 hour s ) .  No ind iv idua l  from the marked 
popu la t ion sample was resighted in the temporary 
lagoon T5,  l ocated I k m  away from the permanent 
pond.  but  spectacled caimans have been reported to 
t ravel overland d is tances of 2 .4km and 5 .0km 
(Gorzu la ,  1 978;  Marcel l i n i ,  1 979) . 

The behav iour of  the caimans d uring the  fi rst half of 
the ra i n y  season can be characterised as nomadic . 
After the appearance of  temporary l agoons and their 
co lon i sa t ion by ca imans ,  res ight ings of k nown 
i ndiv iduals  in  neighbouring water bodies i ndicated 
that t hey did not become sedenta ry i n  the new lagoons .  
but ra ther moved between them . Such movements 
were made by ca imans of  al l  age and sex classes, except 
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was s i g n i fi ca n t l v  h i g h e r  t h a n  t h ; 1 t  of :rn o t h e r  c : 1 i 1 11 : 1 1 1 s ,  
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P = s i gh t i ng at t he permanent pond • = s i ght i ng at the t emporary l agoon 

Fig. 3 Occurrence of some ca imans  at  the temporary lagoon. Each square represents  one dav.  Th is  sample was used for a 
sequence a nalysis (S i egel .  1 95 8 )  test ing c lumpness of each ca iman's sigh t i ngs over t ime .  The s ignifica ncy of th is  test is indicated 
by P val ues fo r each ca iman .  

hun ter. Th is  wound probably interfered w i th  feeding 
for a l ong t ime,  s ince M - 1 1 had the  l owest body 
condi t ion of t he populat ion sample at  the begi nn i ng of 
the s tudy. Th irty days after i ts  first capture .  M- 1 1 had 
reached a just below average body cond i t ion .  

4. Temporal pattern o f  visits to  the lagoon 

Each ca iman v is i ted the  temporary lagoon at 
i ntervals (see Fig .  3 for an  exemp lary subset of data) .  
The days between vis i ts to  the l agoon are referred to  as 
t he absence i nterval .  The sample is composed of  the 
pooled absence i ntervals of  22 caimans recorded more 
than once in the lagoon .  The freq uency dis tr ibut ion of 
the absence i ntervals recorded was b imodal ( Fig. 4) 
and d iffered s ign ificant ly from the expected geometric 
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distr ibut ion (P <0.00 1 .  chi-square = 70 .3 .  df = 1 4 ) .  
This d i fference was s t i l l  s ign ificant at  t h e  0 . 1 per cent 
leve l ,  when the three resident caimans were removed 
from the sample .  The large value of  ch i-square is  due to 
the  h igh number of very short absence i n tervals (one to 
two days) and very long absence i n terva ls ( l onger than 
34 days) .  In genera l .  caimans v is i ted the l agoon i n  
bouts up  to one  week  w i th  br ief absence in tervals  
w i t h i n  bouts .  and there were prolonged absence 
in tervals between bouts .  Out of30 ca imans recorded at 
the temporary lagoon ,  1 2  (40 per cen t)  returned to the 
lagoon after an  absence period of  at least two weeks. 

This pattern is supported by sequence analysis 
(S i ege l ,  1 956) of  the presence and  absence days of 1 0  
s ingle i ndiv iduals seen i n  t h e  lagoon a t  least three 

p ( 0.0 1 

. 

0 0 1 0 1 0  0 1 0 1 0 . 0  0 0 0 a a o l a l a c c c �----- � 
1 2  1 5  1 8  2 '  24 

TIME INTERVALS ( day� ) 

27  30 33 : 34 < p < 0.036 

Fig .  4 Frequ ency d is t r ibut ion of absence i n t ervals between two s ight i ngs of t h e  same ind ividua l  at t h e  temporary lagoon (33 
cai m a ns pooled) .  A bsence val ues bet ween 34 a nd 67 davs are pooled.  The d i str ibut ion of observed values is  bimodal and differs 
sign ifica nt ly  from a calculated geometric distr ibut ion .  
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t imes. The days  present  \\'ere s i g n i fica n t l y  c l u m pe d  i n  
t i m e  for fo u r  c a i m a n s  ( Fig.  3 ) : t h e  res i d e n t  m a l es M - 1  
a n d  M-5. a n d  t h e  v i s i t o rs m a l e  M - 1 0  ( S V L  = 6 7 . 0c m )  
a n d  fema l e  F- 1 7  ( S V L .  = 53 .5cm) .  They d is p laved t h e 
p a t t e rn  of s h o rt v i s i t s  fo l l owed bv prol o n ged a bsence 
i n tervals. The vis i ts  o f  four other c a i rn a ns w e re 
sporad ic e ve n t s .  Beca use t h e  res i d e n t  i m m a t u re 1 - 1 1 
ra rely left t h e  l agoo n .  i t s  davs of p resence were n o t  
c l u m ped i n  b o u t s .  

5 .  R a n ges w i t h i n  t he t emporary l a goon 

Seven n i gh t l y  foc a l  observ a t i o n s  of 85 to 555  
m i n u t es d u r a t i o n  were m a d e  o n  t h e  res i d e n t  ca i m a n  
M - 1 1 .  These i n d i c a t ed t h a t  t h e re w a s  n o  c o n s i s t e n t  
ra n g i n g  pa t t e rn  w i t h i n  t h e  l agoo n .  M ov e m e n t  rates 
varied between 7 m/ h  a n d 1 80 111/h ( me d i a n  v a l u e = 
4 2 111/h . N = 7 ) .  The a bs o l u t e  d i s t a n ce covered d u r i n g  
the 555 m i n u tes observ a t i o n  w a s  8 7 5 m .  a n d  t he l o n gest 
s t ra ig h t  l i ne between t wo l o ca t i o n s  for t h e  same n i gh t  
w a s  338m .  V a l ues o b t a i ned from t w o  o t h e r  i nd i v i d u a l s  
l a y  i n  t h e  same r a n ge .  T h e  ca i m a n s  u sed t o  move 
paral le l  and close to  the  shore. In general .  they swam 
s u b me rged in  s h o rt b u rs t s  fol l owed bv prol o nged s tops  
a t  t h e  water s u rface.  usua l  I v  fac i n g  t h e  s h ore or p a r a l le l  
to  i t .  These s t o ps co u l d  las t  for sever a l  hours .  When 
c a i m a n s  were s t a t i o n a rv t h e body h u ng down 
ve rt ica l l y  a n d  the  ta i l  t i p  res ted o n  the  gro u n d  as a 
p o i n t  of s u p po r t . C a i m a n s  u s u a l  I v  were n o t  s t a t i o n a rv 
i n  w a t er deeper t h a n  a body lengt h .  s i n ce u i l  
m o v e m e n t s  were req u i red t o  keep t h e  eyes a n d  n o s t r i l s  
a bo ve t h e  w a t e r  s u rface .  C a i m a n s  o ft e n  cra w led 
t h ro u g h  t he grass a l o n g  t he s h o re in a w a t e r  d e p t h  of 
a b o u t  5 c m .  l e a v i n g  a t ra i l  of n a t t cn e d  grass w i t h  a 
serp e n t i n e  s h a pe .  

T h e  average dis ta nce between t h e  l o ca t i o n  o f  a 
ca i m a n  011 one n ight a n d  i t s  loca t i on t h e  n ig h t  a ft e r  was 
I 80m (S  D = 2 1 4 . range 25-940m. N = 30 .  e i g h t  ea i m a  n s  
pooled) .  C a p t u r e  a n d  h �rn d l i n g  d i d  n o t  i n d u ce c a i m a n s  
t n  l ea ve t h a t  a rea of t h e  l a g o o n .  T h e  m e a n  d i s t a nce 
from t h e capture s i te  t o  the loca t i o n  t h e  fo l l ow i n g  n ig h t  
wa s  I 84m ( S O = 1 83 . 2 .  N = 7 ) .  w h i l e  t h e  m e a n  d i s t a nce 
for ca i m a n s  i d e n t i fied b u t  not  ca p t u red was 1 82 111 
( N = 2 1 ) . 

The m a .-; i m u m  d i s t a nce cove red between t w o  
loca t i o n s  o v e r  seven d a �1s. i n  w h i c h  t h e  ca i m a n  w a s  
s i g h t ed t h ree o r  more t i mes .  \\'as measu red.  This  1 ·a \ u c  
c�rrcsponds t o  the range covered wi t h i n  t h e  lagoon 
dur ing a n  average 1 i s i t i n g b o u t .  The m e d i a n  fer e i gh t 
caimans was 240m ( ra n ge 25-800m) .  T h e  s i ze of t he 
sevcn-dav-ranges c o m pa red w i t h  the  a verage m o v i n g  
ra t e  of 1 80m/1; ight a n d  t h e  s i ze of t he l a goon ( Fig .  I )  
suggests t h a t  caimans showed fi de l i t y  t o  the lagoon 
po-r t i o n  clwscn at  the s t a rt o f  a v is i t i n g  per iod.  This  is  
refe rred to  as short term s i te  fide l i t y .  

There w a s  no  consi�tencv i n  t h e  a re a  of the lagoon 
chosen after a prolonged absence ( i . e .  absence of more 
t han  seven clavs) .  Some individuals showed long t erm 
site fidel i tv .  

-
for example the  adult female F-9 

( SVL = 54.4.cm) .  which ret urned after 35 cl ays absent 
to  a s i te wi th in  50m of i t s  last locr t ion .  O thers were 
resigh ted hundreds of metres awav from their last 
l ocat ion .  The male M-8 (SVL = 63 .9cm ) was found 
650m away from t he s i te  of t he  last record after 34 davs 

o f  a bsence .  V ;i l u cs o b t a i ned l 'rnm 1 1  more c 1 i m a n s \ ; 1v 
between t h cse two ext re mes. 

S u ffi c i e n t  loca t i on cla t ;1 was obt :1 i n ed l 'rom t h e 
res i d e n t  ca i m a n s  t o  est i m a t e  r:rn gcs w i t h i n  t h e l a goon 
for t h e  t h ree m o n t h  observa t i o n  per iod.  M - 1  (N = I (1 ) 
prcfcrccl t h e e a s t e rn  pa rt o f t  he l a goon ( F i g .  I .  T2) .  b u t  
occa s i o n a l  Iv v i s i t ed t h e  western a reas a lso .  M-5 ( N  = 1 7 ) 
a n d  M - 1 1 ( N  = 24) w e re most lv fo u n d  �! l o n g  t h e 
western s i de of t h e  lagoon ( Fi g .  I .  T:I ) .  b u t  were a lso 
s i g h t e d  in eastern a reas .  C o n s i d e ra b l e  over l a p  between 
ra n ges was observed . M ost v i s i t o r  c a i m a n s  were 
rec� rdcd w i t h i n  t h e  ra n ges o f  res i d e n t s .  H owever. i"cw 
ca i m a n s  were seen i n  t h e t e m pora rv l ;1 goon d u ri n g  
m ost  censu ses ( m ecl i a  n = 3 e a  i m a  n s .  r a  n gc 0-22. N = 66 ) . 

I l c nc c .  ra nge overl a p  d i d  n o t  n cccss a r i l v  mean 
s i m u l t a n eous u se o f  a n  a re a .  I f  ca i ma n s  occ u r red 
s i m u l t a n cnus lv  in an a rea . t h cv sh owed s p a c i n g  
bc h a l ' i o u r  ( sec be low ) .  

6 .  S p a t i a l  d istr ibut ion of c a i m a ns in t h e  l agoon 

The s pa t i a l  d i s t r i b u t i o n  o f  i m m� 1 t ur c  and a d u l t  
ca i m a ns i n  t h e  t e m porary lagoon .  w a s  a n a l ysed u s i n g  a 
co m p u ter  p rogr:1 m fo r s pa t i a l  a n a l y s is w r i t t e n  bv 
D .  B ro w n  ( S t a t i s t ics  G ro u p .  C a mbri d ge U n i vcrs i t v .  
U K ) . T h e  l a goon w a s  s u bd i v ided i n to t wo c q u ; i l  size 
sectors ( F ig .  I .  T I  + T2 a n d  TJ ) .  The s a m ple was 1 1  
crses i n  w h i c h  fo u r  t o  n i n e  c a i m; 1 1 1s  occ1 1 rrccl 
s i m u l t a n e o u s l y  in t h e  lagoon sector a n a l y sed.  For 
e i g h t  c a ses t h e  proba b i l i t y  ca l c u l a t ed by t h e  s i m u la t i o n  
i n d i c a ted regu l a r i t y .  s h o w i n g  a s i g n i fica n t  t e n dency 
for regu l a r i t v  i n  the s p a t i a l  d i s t r i b u t i o n  of c a i m ;1 n s  
( P  <0.0 1 .  co m b i n ed p ro ba b i l i t ies t e s t .  F i s h e r .  1 958 ) .  

T h e  sh ortest  n e a res t -n e i g h b o u r  d i s t a  nee b e t  wecn 
two s t a t i o n a rv c a i m a ns was 1 5m .  but m o re c o m m o n l y  
a m i n i m u m  n e a rest-ne igh bou r d i s t a n ce o f  30m w; rs 
o bserved.  T h i s  d i s t a n ce m a y  depend on t h e  bocl v s i zes 
o f  t h e  i n d i v i d u a l s  concerned. but such a rel a t ionsh i p  
w a s  n o t  a n a l vsecl cl u e  t o  t h e  sm a l l  s a m p l e  s i ze .  
Q u a n t i t a t i ve a n a l y s i s  o f  soc i a l  d is p l a c e m e n t  was not  
poss i b l e  beca use o n  I v  t h rec socia  I i n t eract  ions bet wccn 
ca i m a n s were o bse rved d u r i ng t he s t u d y .  

D I SCUSS I O N  

T h e re w a s  n o  i n d i c a t i o n  o f  t e r r i t o r i a l i t y  a m o n g  
c a i m a n s  i n  t h e L l a n o s  d u ri n g  t h e  fi rst  h a l f  o f  t h e  rainy 
sea s o n .  O bserva t i o n s  o n  t h e re p ro d u c t ive b i o logy o f  
c a i m a n s  i n  t h e  Venezu e l a n  L l a n o s  ( Staton a nd Dixon .  
1 976 )  s u ggest t h a t  t h e  s t udy period corresponded to 
t h e  m a t i ng seaso n .  Accord i ng t o  Kaufmann ( 1 983 ) .  a 
t erri to ria l  i n d ividu a l  is expected to be almost 
con t inuous ly in  i t s  terr i t ory . in  order to  disp lace 
i n t ru ders and guaran tee its priority access to resou rces . 
Ca imans i n  t he  s t ud ied lagoon system did not  fu lfi l  t h i s  
e lementary con d i t i on for terri toria l i ty :  I .  Mos t  
ca imans were nomadic between lagoons. 2 .  Vis i ts to a 
lagoon were brief. last ing a maximum of one week .  
These vis i ts  were often i n t errupted by  some nigh t s  of  
absence. 3 .  Some ca imans d id  no t  show any preference 
for anv locat ion .  while others did remain with i n  a 
certa in sector of the lagoon dur ing their v is i t .  Ranges 
w i t h i n  the lagoon overlapped considerably .  D u r i ng the  
short absence periods wi th in a v i s i t ing bou t  caimans  
may h ave been in  the  vege ta t ion nex t  t o  the  l agoon .  
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Caimans in  capt ivity are known to rest  in the 
vegeta t ion for several days after a substant ia l  meal 
( Pachon,  pers. comm. ) .  Du ring the long absence 
periods between visits to the  st udy lagoon ca imans 
presumably seeked dis tant l agoons as  supported by 
three observat ions of movements across the  savannah 
and five resight ings of  mark ed ind iv idua ls  in water 
bod ies other than the s tudy lagoon .  Movements 
between lagoons were not un id i rect iona l ,  as ind icated 
by 40 per cent of  the ca imans returning to the study 
lagoon after a min imum of two weeks absent .  

The nomadic behaviour  of ca imans may be part ly 
related to d ifferences in frog ava i lab i l i ty  between 
lagoons. Frogs are p robably the most common food 
i tem in the s tudy l agoon ( pers. abs . ) .  A l t ernat ive food 
i tems found in s imi lar  environments .  s uch as fish .  
sna i l s  o r  crabs ( S taton a n d  Dixon,  1 975 :  Gorzu la ,  
1 97 8 ;  Seijas and Ramos ,  1 980) ,  were no t  found in the  
s tudy  l agoon .  Pr ior  to  the  s tart of the  ra iny  season .  
ca imans were found i n  h igh densi t ies in  t h e  permanent 
ponds .  With the  onset of  the  ra ins ,  the ca l l ing act iv i ty 
of  a common frog, Physalae.mus neglect us dunni. at the 
permanent pond increased not iceably .  However. as 
lagoons appeared i n  the vicinity, the cal l ing activity of 
frogs decreased to zero in the permanent pond and 
became deafen ing in  the newly formed lagoons ( pers. 
abs . ) .  Most ca imans were found in  these l agoons from 
then onwards. Cai man numbers and ca l l i ng act ivi ty of  
frogs were part i cu larly h igh i n  new lagoons on nights 
fo l lowing heavy ra infa l l  ( pers .  abs . ) .  As  the lagoon 
level rose, ca iman numbers and the ca l l ing activity of 
frogs decreased. Two weeks after the onset of the ra ins .  
the n umber of ca imans seen in  the  lagoon was no 
longer related to  ra infa l l .  A l though caiman movements 
between tempo rary water  bodies have been reported 
before (Gorzu la ,  1 978 :  Marce l l i n i .  1 979) ,  the nature of 
this behaviour i s  s t i l l  not understood. 

The nomadic behaviour of  caimans du ring the s tudy 
suggests t hat access to  resources in  t he lagoon was not 
determined by a s i te-dependent dominance h iera rchy 
( t err i toria l i ty ,  sc11Su Kaufmann ,  1 983 ) .  I nstead. the  
d is tr ibut ion of t h e  ca imans  i n  the  lagoon was probably 
determined by a body-size dependent  h ierarchy 
(S ta ton and Dixon .  1 975 ) ,  which resu l t ed  in  spacing 
behaviour .  Spac ing behaviou r  may be a response to  
potent ia l  cannibal ism and the  aggress ive nature of 
agon is t ic encounters, wh ich can lead to  severe inj ur i es 
(S ta ton and Dixon .  1 975 ;  Gorz_u la .  1 978 ) .  

A s i t e-dependent  h ie rarchy is l i ke ly i f  opponents 
have a s imi lar body s ize ,  as  is the case among adu l t  
mammals ,  birds and many a rt h ropods. Bu t  s imi lar  
s ized opponents seldom meet  among crocod i l i ans  due 
to  t h e  large var ia nce in  body s ize .  In  spectacled 
ca imans ,  a young sexual ly mature female  can increase 
its body weight th reefo ld  befo re reach i ng  fu l l  s ize .  A 
fu l l y  grown adu l t  ca irnan achieves 1 00 t o  200 t imes the 
weight  of a juveni le  ( R ivero-B lanco, 1 974; Medem. 
1 98 1  ) .  S ince most agon i s t i c  i nteract ions i nvolve 
d i fferent  sized cairnans ,  t he outcome of such 
i n teract ions i s  genera l l y  determined by a body size 
determined absolute dominance,  rather t han  the 
locat ion of  an  encounter .  The present  s tudy shows 
l acks of terri tor ia l i ty duri ng a l imi ted period. The 
theoret ica l  considerat ions above predict a l so lack of 

territor ia l i ty during the  rest of  the year. when caimans 
are sedentary around breed ing s i tes or in  permanent 
ponds dur ing the dry season. 

Territorial behaviour has been reported for other 
crocodi l ians ,  s uch as Crocodilus niloticus (Modha. 
1 967 ;  Pooley and Gans. 1 976; Hut ton ,  1 982). 
Crocodi/us ac11111s ( Lang. 1 975 )  and A lligator 
111ississippicnsis (Garr ick .  1 975 :  Garrick and Lang. 
1 977) .  Most of  t hese reports use the term ' terr i tory' for 
an area defended by adul ts  and mention body-s ize 
dependent disp lacements .  The defence of an area 
cannot be termed t err i toria l i ty .  u n less the outcome of 
fights depends on the s i te of  the encounter and is 
largely independent of  body s ize .  So far there is no 
evidence for s i t e-dependent hi erarchies among 
crocodi l ians .  Even if such a h ierarchy existed among 
fu l l y  grown males defending mat ing areas or females 
defending breeding s i tes ,  the  proport ion of displace­
ments determined by the s i te of the encounter rat her 
than the body-size of  opponents would s t i l l  be low. 
Considering the large variance in the body size of 
contestants and the  accumu lated evidence for body­
size dependent d i splacements ,  the social system of 
crocodi l ians is more adequate ly regarded as an 
abso lu te  dominance hierarchy in which body s ize 
determi nes access to resour ces . 
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A BSTRACT 

Three s t ra t igraph ic un i t s  in Bel l  Cave. north  western Alabama.  have yielded foss i l  herpetofaunas tha t  are main ly  
ana logues of t he  modern ones  in the area . Two of t  he fossi l i ferous zones  have been dated by the Carbon 14  met hod : 
Zone l /2 at 1 1 .820 +480 to -500 BP and  Zone 4 at 26.500 +870 to -990 BP. An  i n termed ia te  uni t  (Zone 3 )  did not 
vie ld a Carbon 14 elate .  hut is faunis t ica l l y  nearly ident ical to Zone 1 /2 .  Excessive damage was presen t  i n  many of  
the fossi ls due to predators and gnawing scavengers. t hus only 18  per cen t  of t he  3 .953  herpetological foss i ls could be 
ident ified to the generic or to the specifi c  leve l .  The wide variety of  habitats represented by the fossi ls ( smal l ,  c lear 
s t reams: la rger. slower streams: marshy wet lands: waterfa l l s  and associated ta l us seeps; woodlands and woodland 
edges) i s  a t t

-
r ibuted to t ransportat ion by palaeopredators .  None of  the  amph ibian or rept i l e  species i s  ex t inc t ,  in  

co�trast to the  mammal ian fauna wh ich has  several ex t inct taxa .  Zone 1 /2 has a t  l east  24 species, i nc lud ing one  
nort hern and two s l ight lv eastern ex t ra l im i ta l  ones .  Zone  3 has a t  least 24 species, i nc lud ing the  same t h ree 
ex t ra l im i ta l  species th

-
a t  o

.
ccur i n  Zone 1 /2 .  Zone 4 has 1 3  species ,  i nc lud i ng only two s l ight l y  eastern extra l im i t a l  

ones .  I t  is d ifficu l t  on the  herpetological remains to  suggest a pa laeocl imate m uch different from the  c l ima t e  of  t he  
area toclav .  Certa in lv ,  t he  p resence of many egg- lay ing t ur l es, l i za rds and snakes i n  a l l  un i t s  negates a t undra-l i ke  or 
boreal- l ike interpret.at ion of the palaeoc l imate. 
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I NTRODUCTION 

Late Wisconsinan faunas in mid la t i t ude North 
America typica l l y  have ex t ral im i t a l ,  northern. 
mammalian species. This has led regu larly to the 
conclus ion that the cl imate was t undra-l i ke or borea l ­
l i ke .  On the other hand, the  herpetofaunas of these 
s i tes a re usual l y  s im i lar or iden t ical to t hose i nhabi t i ng 
such areas today, and th i s  has led to an in terpret ive 
d i lemma (Fay, 1 984, 1 986, 1 988; Ho lman ,  1 986;  
Holman and Grady, 1 987) .  

The lack of  s t ra t igraph ic  control i n  most of these 
fau nas ,  many of t hem in caves, rock she l ters, or fissure 
fi l l i ngs, has led some workers to  suspect that  
herpeto logical species were modern i n t rus i ves, and not 
contemporaneous wi th the mammal ian species 
( refe rences in Fay, 1 988) .  Thus, the Bell Cave 
herpetofauna reported here 1s of considerable 
i mportance as i t  i s  from Carbon 14 dated. 
s t ra t igraphica l l y  control led, un i t s .  Moreover, i t  i s  the 
first large Pleistocene herpetofauna from Alabama. 

The Bel l  Cave bone deposit l ies in  the N E  corner of 
Sect i on  9 ,  Townsh ip  4 S, Range 1 2  W, I 0 .8k  W of 
Tuscumbia,  Colbert County ,  A labama. 87° 47' 45" W. 
34° 43' 48" N .  The cave is  located i n  a bi uff, adjacent  to 
the Tennessee R iver, w i th in  the Tuscumbia L imestone 
of  M iddle M iss iss ippian age. It cons is ts of a 26 .2m 
horizontal crawlway wh ich ends at  a large, 4 by l l .9m 
ova l ,  p i t- l ike room .  

Th is  room acted a s  a set
.
t l ing bas in for fissure­

t ransported sediment ,  and has accumu lated about 
40cm of bone-packed mud .  The depos i t  is d i s t i nct ly 
separated into t h ree bone-bear ing un i t s ;  Zone 1 12 .  
Zone 3 and Zone 4, represen t i ng d i fferent depos i t ional  
even t s .  These u n i ts l i e  on  top of  a layer ,  a t  least  70cm 

30 cm 

40 cm 

l 
TO 111 cm 
BELOW TOP 

OF SECTION 

CLAY CAP / DISTURBED ZONE 

ZONE 1 / 2  (REDDISH-ORANGE CLAY) 

ea 11 , 800 B . P .  

ZONE 3 (BROWNISH-RED CLAY) 
undated 

ZONE 4 ( BROWNISH-YELLOW CLAY) 
ea 2 6 , 500 B . P .  

STERILE ZONE (BROWNISH-YELLOW CLAY) 

Fig.  1 Strat igraphic un its of Be l l  Cave. A labama.  USA a t  
P i t  1 .  T h e  Clay Cap/Disturbed Zone is variable i n  t h i ck ness. 
Travert ine slabs and large rou nded pebbles a re indicated i n  
Zone 1 /2 .  

th i ck ,  of ster i le c lay  ( Fig .  I ) . The ster i le un i t  and i ts  
overly ing bone-bearing un i t  (Zone 4) are both bel ieved 
to have been subaqueously deposited. A lowering of 
the local water table resul ted in  the subsequent 
desicca t ion and consol idat ion of  these two units and 
the onset of t ravert ine format ion .  Zone 3 appears to 
have been deposi ted as a viscous mud now from the 
fissure, and Zone 1 /2 was deposited later in the same 
manner. Radiocarbon dates are as fol lows: 

Zone 1 /2 - 1 1 ,820 +480 to -SOO BP ( Ur.ms 
americanus femur)  
Zone 3 - Not suffic ient bone for a sample 
Zone 4 - 26,000 +870 to -990 ( various longbone 
fragments) 
Matrix from each s t rat igraph ic  fossi l i ferous unit was 

col lected in sacks and removed from the cave for 
process-ing. The matri x was dried and screened. mainly 
us ing the  standard techn iques of H ibbard ( 1 949) .  The 
concent rate was then sorted i n to taxonomic groups. 
Nine d i fferent workers are s tudying the mammal ian 
foss i l s  of th is r ich s i te .  great ly  delaying the t ime of 
publ ica t ion of that  component of  the cave fauna. 

SYSTEMATIC PA LA EONTOLOGY 

The fossi ls of t h is study are deposited i n  the Red 
Mounta in  Museum .  B irmingham.  Alabama, 35205, 
USA (abbreviated to  R M M ), and their col lect ion 
numbers ident ify the  specimens reported here in .  

Class Amphib ia 
Order Caudata 

Fam i ly  Cryptobranch idae 
Cr.l'ptobranchus a/leganiensis (Daudin )  

He l l  bender 
Zone I :  P i t  I ,  vertebra R M M  3943; P i t  3 ,  left 

premax i l la 508 1 .  Zone 1 /2 :  P i t  I ,  at las 3878 .  eight 
vertebrae 3858 ;  P i t  2 ,  at las 4905 .  five vertebrae 4279; 
Pit 3, seven vertebrae 5057, s ix vertebrae 5079, vertebra 
6764; P i t  4. 1 2  vertebrae 5264. Zone 3 :  P i t  I .  r ight 
premax i l la 4806 ( Fig .  2a) ,  left maxi l la 3999. th ree 
vertebrae 4320; P i t  3, n ine vertebrae 4703 ( Fig. 2b). 
vertebra 6675; Pit 4 ,  five vertebrae 5348. Zone 4: Pit 2. 
at las and three presacral vertebrae 4353 ( Fig. 2c) .  
Dis turbed Zone: two vertebrae 3 8 32 and 4047 .  

Ho lman ( 1 977 ,  l 982b) has d iscussed t h e  iden t i­
ficat i on  of CrFptobranclzus a/leganiensis and C. gui/daFi 
on the basis of isola ted bones. Cn'f){Obranchus 
a/leganiensis occurs i n  the Tennessee R i ver System i n  
nort h  western A labama today ( Mount ,  1 975 ,  Fig .  1 1 6) .  
These an imals are complete ly aquat ic  and occur in 
rocky s treams wi th rela t ive ly  c lear water .  Foss i l  
he l lbenders have been found  i n  Pleistocene cave 
deposi t s  i n  Virg in ia  ( Holman,  1 986), West V i rg in ia 
(Hol man ,  1 982b;  H ol man and Grady, 1 987)  and 
Maryland (Holman ,  1 977) .  

Fam i ly Ambystomat idae 
Ambystoma sp. i ndet .  

M ole  Salamander 
Zone 1 /2 :  Pit I ,  1 1  vertebrae R M M  4773; Pit 3 ,  t hree 

vertebrae 5060; P i t  4, two vertebrae 5255 .  Zone 3 :  P i t  I ,  
t h ree vertebrae 48 1 1 , vertebra 6766; P i t  3 , two 
vertebrae 4697; P i t  4, vertebra 5604. 
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F i g .  2 S a l a m a n d e r  foss i l s  o f  Be l l  C a v e .  A .  r i g h t  prc m a x i l la  
of Cnpro/Jrr111clr11s allcga11ic11si.1· RMM 4806:  13 . t rn n k  
vertebra of C. al!cga11iC11sis R M  M 4 70.'1 i n  dorsa I view: C.  a t  ! a s  
of C .  a//cgr111icr1sis RM M 4 5 5 :1 i n  do rsa I v i e w :  D .  t rn n k 
vertebra of Oc1·111og11arlr11s oc/rrop/rac11s R M M  6770 i n  d o rsal  
v iew.  Each scale l i ne equals  2 111 111 . 

Tihen  ( 1 95 8 )  has  given ve rtebra l characters for the  
genus  A111h 1 ·s10111a. The above vertebrae were too 
fragmentary for specifi c  ident ific1 t ion .  

A 111b rs10111a 111ac11/a111111 Shaw 
Spotted Salamander 

Zone 1 /2 :  Pi t  4. two vertebrae RMM 6767. Zone 3 :  
Pit I .  vertebra 6768: Pit  3 .  vertebra 6769. 
T ihen ( 1 958 )  and Holman and Grady ( 1 987 )  discuss 
the ident ificat ion of A 111b n10111a 111ac11/at11111 on the 
basis o f  vertebrae .  This a n i m a l  occurs i n  the area today 
( Moun t .  1 975 .  Fig. 1 02 )  where i t  i n h a b i t s  low areas 
where hardwood t rees are present and pools are 
ava i lable for breeding. 

Family Plethodontidae 
Dcsmogna 1 !111.1· sp . i ndet . 

Dusky Sa lamander 
Zone 4 :  Pi t  4 .  vertebrae R M M  5606. 
Ho lman and Grady ( 1 987 )  ha ve d iscussed the 

ident i ficat ion of th i s  genus on the bas is  of  vertebrae .  
but  the above specimen is  too fragmentary for specific 
ident i ficat ion .  

Dcs111og11a1h11s ochrophac11.1 Cope 
Mounta in Dusky Salamander 

Zone 4:  Pit I .  vertebra R M M  6770 ( Fig. 2d) :  Pi t 4. 
two vertebrae 677 1 .  

The ident i fica t ion of t h is species o n  the basis of 
vertebrae has been discussed by Holman and Grady 
( 1 987) .  A very deeply notched poster ior end of the 
neura l  sp ine i s  characteris t ic  of th is  species ( Fig. 2d). 
Today .  this species occurs in Alabama only in the 
extreme north eastern corner of the state (Mount .  1 975 ,  
Fig. 1 27)  where i t  occurs near mois t  c l i ff faces and ta lus  
areas beneath water fal ls .  

F111Tcca sp .  i ndc t .  

Brook a la ma ndcr 

Zone I /_ :  Pit 4. vert ebrae R M M  6772 .  Zone 4 :  ( p i t  
uncle. ignatcd)  fi\'C vert ebrae .  

Eurrcca have a m p h icoclous or fa l sc l�, opist  hocoelous 
vert ebrae that  a rc s lender :  have a h igh.  rounded or  
somet i mes po in ted ncura I sp i  nc :  two smal l  fora m i na 
beh i n d  t h e  r ib-bearers: and w i th  the  r i b-bea re rs 
d i s t inc t  Iv d iv ided .  \Ne arc unable  t o  idcnt ifv t h e  a bo ve 
vertebra

.
e speci fi ca l l y .  Species o f  th i s  gcn ;1 s  occur in  

moist  wood la nds today . 

Plethor/011 g/111i110.1·11s ( G reen)  

S l imv  Sa la ma nder 

Zone I /2 :  Pi t  I .  vert ebra RM M 6774: Pit  2 .  vertebra 
49 10 .  Zone 3 :  Pit  I .  vertebra 6775 .  Overly ing  Cl a y Cap:  
6776. 

The iden t i fi ca t ion  of P. g/111i110.1·11s middle  t runk  
vertebrae was  d iscussed bv Ho lman and G radv ( 1 987 ) .  
The  a n ter ior  t ru n k  vert ebrae o f '  P .  g/111/110.1·11.1· a l so 
appear to be d iagnost ic  in ha v im! a rcla t i vc lv  short and 
wide form:  wi th  a wcl l-dcvcl;pcd . rounded neura l  
sp ine :  s l ender  a nter ior  zyga pophyscs: widely-spaced . 
cy l i nd rical  rib-bearers. two for m a m i na an ter ior  to t he 
r i b-bearers . a wide ventral  s urface : and w i t h  t h i s  
su rface w i th  a constr icted media l  port ion .  This 
sa lamander occurs i n  t h e  a rea t oday ( Moun t . 1 975 .  
F ig .  1 52 )  i n  many  woodla n d  hab i ta ts .  A l l  of t h e  
a u t hors of th i s  paper have  seen l iv ing  spec i mens in  Be l l  
Cave. 

Order A n ur a  

Fa m i l y  Bufon idae 

Bu(o sp .  indet .  
Zone I :  Pit  I .  s i x  sacra RMM 6677 .  Zone 1 /2 :  P i t  I .  

one l eft a n d  fou r  r igh t  i l i a  3 780 :  Pit 2. l eft i l i u m  6778. 
sacru m 6779: Pit  3 .  sacru m 6780: Pi t  4 ,  sacru m 678 1 .  
Zone 3 :  Pi t  3 .  t h ree sacra 6782. 

These e lements were too fragmen t a ry for spec ific 
ident ificat ion .  

Bufo amcrica11 11.1· Holbrook 
Zone 1 /2 :  Pit I ,  t wo left and one r ight  i l ia 

RMM 6783:  Pit 2, left i l i um 6784; Pit 3, r ight  i l i u m  
6785 :  P i t  4 .  r ight i l i um  6788 ( Fig.  3 a ) .  Zone 3 :  P i t  I ,  one 
left a n d  two right i l i a  6787;  Pit 3, t h ree left and one 
r ight i l ia 6788.  two left and t wo right i l ia 6789.  

The iden t i fica t ion  of isolated i l ia  of B. amcricanus. 
B. tcrrcstris a nd B. 1rnodho11sii was detai led by W i lson 
( 1 975 ) .  The base of the  i l ia !  pro tuberance of 
B. americanus is wider than that of  B. 1rnodhousii fo1r/eri. 
We have a l so noticed in skeletons of 1 2  B. am�ricanus 
a n d  1 2  B. "" fmr/cri tha t  the i l i a !  prot uberance is less 
dist inct ly marked from the prominence in B. americanus 
than i n  B. "" fol l·!eri. Bu(o amcricanu.1· has not been 
recorded from northwestern A labama today (Moun t ,  
1 975 ,  Fig. 42), bu t  i t  occurs i n  the  northeastern par t  of  
the s ta te .  This species has ub iqu i tous habi ta ts  i n  
bas ical l y  woodland a reas. 

Bufo \\ 'Oodhousiifo ll '/cri H inckley 
Fowler's Toad 

Zone 1 /2 :  P i t  3, left i l i um  R M M  6790. Zone
'3.

-
l�ft 

i l i um  679 1 ( Fig.  3b) .  righ t i l i um  6792. 



524 J. A LAN HOLMAN.  GORDO ' BELL  A D JAMES LAMB 

Fig. 3 A n u  ran a n d  chelon ian  foss i ls  o f  Be l l  Cave. A .  r ight 
i l i u m  of 811(0 americanus RMM 6786 in  la tera l  view: B.  left 
i l i u m  of 811(0 1rnodho11siifo11 '/cri R M M  679 1 in lateral view: 
C,  l eft i l ium of Hrla /�ratiosa RM M 6793 in lateral  view: D .  left 
h ypoplast ron of Trion rx .1pi11 i(erus R M M  4580 in dorsal 
view. Scale l i nes A . B a nd C e q u a l  2 111 111 . Sca le  l ine D eq uals  
20111 111 . 

Bufo woodhousiifow/eri is easily dist ingu ished from 
i ts western counterpart B. ll 'Oodhousii l l ' Oodhousii on  
the  basis of  i t s  much  lower i l i a  I protuberance. Fowler's 
toad occurs in  the area today (Mount ,  1 975 , Fig. 48) . 
This species has ubiqui tous habitats t 11 basical l y  
woodland a reas today. 

Fami ly  H.y l idae 
Hy/a gratiosa LeConte 

Barking Treefrog 
Zone I :  Pit I ,  left and right i l ia R M M  4767. Zone 1 /2 :  

Pit  4 ,  left i l ium 6793 ( Fig. 3c) .  
Hy/a gratiosa has an  i l i um that  is dist inguishable 

fro m  other Hy/a i n  being quite large; with an extens ive 
vent ra l  acetabu la r  expansion:  rounded dorsal pro­
tuberance tha t  occurs posterior to the anterior edge of 
the acetabu lar  cup; and with the protubera nce close to  
the  edge of the  acetabu lar  cup .  There is a record of  the 
bark ing t reefrog qui te near Be l l  Cave t oday (Mount .  
1 975 ,  Fig. 62 ) .  Th is  is a woodland treefrog. 

Fam ily  Ran idae 
Rana sp. i ndet . 

Zone 1 /2 :  P i t ! ,  sacrum R M M  6794. Zone 4 :  Pit I .  
two sacra 6795; Pit 4 ,  two sacra 6796. 

These elements cannot be dist inguished to species. 
Rana pipiens complex 

Leopard Frogs 
Zone ! :  Pit ! .  l eft i l i um R M M  4758 ,  sacrum 6797. 

Zone 1 /2 :  Pit 2 ,  five left and fou r  right i l ia 6887; Pit 3 .  
five left and two right i l i a  6798 ;  Pit 4 ,  t h ree r ight i l ia 
6799. Zone 3 :  Pi t  1 ,  left i l i um and  sacrum 4798. one left 
and  two right i l i a  6800; P i t  4. one left i l i um 4595 .  
Zone 4 :  Pit ! .  four left a n d  eight right i l i a  680 1 :  Pit 3 .  
one  left a nd  one  right i l i a  5 1 7 1 ,  t h ree left a nd  1 2  r ight 
i l ia 6802, two left and two r ight i l ia  and one sacru m 
6803 ;  Pit  4, 22 left and 24 r ight i l i a  6804. Overly ing 
Clay Cap :  r ight i l ium 5 544. 

Characters for the ident ificat ion of i l i a  of the  
R. p ipiens complex are  g iven in  Holman ( 1 984). 
Today, R. pa/ustris and R. sphenocepha/a of this 
complex occur i n  the  Be l l  Cave area (Mount ,  1 975 .  

Figs. 93 and 95 ) .  Both species occur Ill marshy 
wet lands. 

Rana ca1esbeia11a Shaw 
Bul lfrog 

Zone 1 /2: Pit 3. right i l ium R M M  5056. 
Ho lman ( 1 984) discussed the ident ifica t ion of  i l ia of 

R. catesbeiana.  This species occurs in the a rea today 
(Mount .  1 975 ,  Fig. 84) in wet l ands and streams. 

Order Test ud ines 
Trionyx sp .  indet .  

Zone I :  Pit I .  two carapace fragments RMM 4580. 
Zone I /2: Pit I ,  n ine  shell fragments 6805, 27 shell 
fragments 3 709 : Pit 2. 10 shel l fragments 363 3 .  22 shel l  
fragments 4858; Pit 3 ,  30 shel l fragments 4952 :  Pit  4 .  
14 shel l  fragments 5 1 85 .  Zone 3 :  Pi t  I .  12  shel l  fragments 
4 1 86;  Pit 3. two shel l  fragments 4723,  20 shel l  
fragments 4644 ; Pit 4 ,  1 3  shel l  fragments 534 1 .  Zone 4: 
Pit I .  one costal 4474, two shell fragments 4482 ;  Pit 2 .  
three shel l  fragments 49 1 6; Pit 3 .  four shel l  fragments 
5 1 1 9 . Disturbed Zone: one costal fragment 3779. 
Overly ing Clay Cap :  two she l l  fragments 55 1 7 . one 
shell fragment 5526. 

These fossi ls were too fragmentary to ident ify to the 
specific leve l .  

Fami ly Trionych idae 
Trion rx spiniferus Lesuer 

Spiny Softshel l  Turt le 
Zone I :  Pi t  I ,  left hypoplastron RMM 4580 ( Fig. 3d) .  

Zone 1 /2 :  Pit 2 .  one j uveni le right hypoplastron 6808 . 
The hypoplastro n  of T spiniferus is dist inguished 

from that  of T. muricus in hav ing a much l ess acute 
grea ter  x iph iplast ra l notch and a much shorter lesser 
x iph ip lastral notch .  This species occurs t h roughout 
Alabama today ( M ount ,  1 975 ,  Fig. 348 ) ,  but there are 
no specific records near the  cave s i te .  This species 
occurs in rivers, l akes, and permanent ponds. 

Fami ly Emydidae 
Chri ·sem11s picra ( Schneider) 

Zone 4 :  Pit I .  nucha l  and left epiplastron RMM 
6807. Ledge in Fissure :  r ight hypoplastron 4539 
( Fig. 4a) . 

The serra ted anterior end of  the nuchal scute area of 
the  n uchal bone appears to  be diagnost ic i n  many 
i ndividuals of this species. The hypoplastron of C. pier a 
differs from that  of Pseudemys concinna. P . .floridana 
and Trachemys scripta in h av ing the i nguina l  scute 
shorter  and broader. This bone further differs from 
T. script a in its smoother texture, smal ler size and more 
vertical l y  directed inguinal  but t ress. This species occurs 
in t he  area today (Mount ,  1 97 5 ,  Fig. 297) in ponds, 
l akes and slowly moving streams with soft bottoms and 
abundant aquat ic vegeta t ion .  

Craptemys geographica ( Le Sueur) 
Common Map Turtle 

Zone 1 /2-3 : Pit 5, l ower m a ndible of  a female  and 
th ree peripherals R M M  6888 .  

The lower mandib le of fema le  G .  geographica differs 
from the male of G. geographica, and from both sexes 
of  the  sympatr ic G. pseudogeographica i n  having the 
posterior part of the crushing surface of  each dentary 



B E L L  CA VE H E R PETOF N A  525 

Fig. 4 Chelon ian  and  l iza rd fossi ls of Bell Cive .  A .  right 
hypoplastro n  of Chrnem n pic1a RMM 4539 in  dorsal  view: 
B. n ucha l  bone of Pse11de111 rs co11ci1111a RM M 68 1 J i n  do rsa I 
view: C. left x iph iplast ro n  of P. co11ci111rn R M M  68 1 4  in  
ventra l  v iew:  D .  left scapu locoracoid of  11110/is rnro/i11e11sis 
R M M  4822 in latera l  view: E. i n determinate emvdid t u rt l e  
plastron R M M  3724 ( i n  dorsal view) tha t  had been c ru shed 
by a large preda tor :  F.  i ndeterm i nate cmvdid t u rt le  plast ro n  
R M M  5 1 84 ( i n  dorsal view) t hat  had been gnawed by 
rodents .  Scale l in es A. B.  C .  E and F equal 20mm. Sca le l i ne  
D equa l s  2 111 111 . 

broadly expanded posteriorly as a mol lusk-crush ing 
specia l isat ion .  G. geographica occurs i n  the area today 
(Mount ,  1 975 ,  Fig. 305) in rivers. creek s  and brooks .  

Pseudem rs s p.  i ndet . 
Cooters and Red-bel l ied Turt les 

Zone 1 12 :  Pit 1 ,  left hypoplastron R M M  68 1 0 ; Pi t  2 ,  
r ight hyoplastron 68 1 1 . Disturbed Zone: right 
hypoplas tron 3690. 

These bones a re too damaged by predators t o  
ident i fy to  spec i es .  

Pse11dem 11s concinna ( Le Conte )  
River Cooter 

Zone 1 12 :  Pi t  1 ,  two right hyoplastra R M M  68 1 2: 
Pi t  3 ,  two right hypoplastra 4445 .  Zone 3 :  Pit 3 .  nuchal  
68 1 3  ( Fig. 4b) ,  left x iphiplastron 68 1 4  ( Fig .  4c). 

The nuchal  of P. concinna appears to be separable 
from other emydid turt les of southeastern Un ited 
States, having a t riangular nuchal scute that is about 
twice as long as i t  is h igh.  and that is s l ight ly upra ised ; 
no  scu lptur ing on the dorsal su rface of the bone; and 
the anterior edge of the bone s l ight ly indented. The 
hypoplast ron of P. concinna has the ingu ina l  longer 
and  narrower than in C. pic1a and T. scripla and less 
etched in to  the bone than in Pse11dem 1'.1· . f!oridana. The 
x iph ip lastron P. concinna has its posterior end more 
narrowly rounded than in C. picla. P . .floridana or 
P. script a .  P. concinna occurs in the a rea today (Mount ,  
1 975 .  Fig. 323)  where i t  is sa id  to  prefer  streams and 
l a rge lakes. 

Order Squamata 
Family Iguanidae 

Ano/is carolinensis Voigt 
Green Anole 

Zone 4: Pit I ,  left scapulocoracoi d  R M M  4822 
( Fig. 4d) .  

A l t h ough t h e  scapulocoraco id  of l i zard s  has been 
i n frequen t ly reported in the fossi l  record.  t h is e lement  
appears to be d i ;-ignost ic .  Th i .  i s  pro bably because of  
i ts complex s t ruct ure ( Romer. 1 956) t hat p ro bably 
rcnects  d i fferences in  post u re and locamo t ion .  This  
e lement  in  11. caroli11e11si.1· is very d is t i nct fro m  t h ose of  
o ther  l izards of t h e  eastern Uni ted States.  The complex  
of  p rocesses on  t h e  anter ior face of  the  bone as we l l  as 
t h e  pos i t ion  of t h e  lateral n u t r ient  foramen and 
relat ionsh ip  of t h e  posteroven t ra l  process to t he 
acetab u l u m  ( Fig. 4d ) arc a l l  d i s t inc t  and d iagnos t ic  
characters. 

The species occurs al most anywhere t hat vegetat ion  
and shade arc abundant in  A labama t oday ( Mo u n t .  
1 975) .  

Fam i ly  Colubr idac 

Carphophis a111oe1111.1· (S:1y )  
Worm Snake 

Zone 1 12: Pit 4, t h ree vertebra t e  RMM 68 1 5 .  Zone 3 :  
P i t  I ,  t wo ver tebrate  68 1 6 . Zone 4:  P i t  4 .  two vert e b rae 
68 1 7 . D ist urbed Zone:  one vertebra 68 1 8 .  Clay Cap: 
Pit 3 .  one vertebra 68 1 9 . 

Ho l man and Grady ( 1 987 )  give characters t hat 
d i s t i nguish the vertebrae of  C. a111oe11u.1· from those of 
the ve ry s i m i lar Diadophis p1111c1a111.1 .  The worm snake 
occurs in the a rea today ( M o u n t ,  1 975 ,  Fig. 1 95) ,  in 
open woodlands and woodland edges, and is 
frequent ly discovered near Diadophis punc1a1us. 

Coluber constrictor Linnaeus 

Black Racer 
Zone 3: Pit I ,  one vertebra RMM 6820; Pit 3 .  one 

vert ebra 682 1 ;  Pit 4, one vert ebra 6822. 
Ho lman ( 1 98 1 )  gave refe rences to publ icat ions t hat  

discussed the ident ifica t ion of  C. conslriclor on the 
basis of i nd iv idua l  foss i l  vertebrae. The black racer 
occurs in the area today (Mount ,  1 975 ,  Fig. 200) in 
open woodland and forest edges, as wel l as a long 
brushy steam edges. 

Diadophis 1u111c1a1us (L i nnaeus) 
R i ngneck Snake 

Zone 3 :  Pit I ,  one vertebra RMM 6823 .  
Holman and Grady ( 1 987 )  give characters that 

d is t inguish the vertebrae of D. punctalus from the 
s im i lar  Carphophis amoenus. Diadophis punc1a1us 
occu rs in the a rea today (Mount ,  1975 ,  Fig. 202) where 
i t  is often found i n  the vicin i ty  of Carphophis amoenus. 

Elaphe sp. indet .  
Ratsnake 

Zone 1 12 :  Pit I ,  n ine vertebrae R M M  6824; Pit 2 ,  one 
vertebrae 6825;  P i t  3 ,  one vertebra 6826. Zone 3 :  P i t  I ,  
one vertebra 4099, one vertebra 4300 ; Pit  3 ,  one 
vertebra 6827: Pit  4 ,  three vertebrae 6828 .  

These vertebrae are too fragmentary for spec ifi c  
ident i ficat ion .  

Elaphe cf. Elaphe gu!lata (L i nnaeus) 
Cornsnake 

Zone 1 /2 :  P i t  2 ,  one vertebra RMM 6829 .  
Auffenberg ( I  963) discusses the  i dentifica t ion of  

isolated vertebrae of species of  E/aphe. This  vertebrae 
fit s  his criteria for E. gutta/a in most respects, inc luding 
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the  height of t he  neural  sp ine. On t he  basis o f  having 
only a s ingle vertebra, we are tenta t i ve ly referring the 
foss i l  to E. gu11ara.  This species occurs i n  the a rea 
today (Mount , 1 975 ,  Fig. 206) where it i s  frequent ly 
found near woodland edges. 

£/aphe vu!pina Baird and G i rard 
Foxsnake 

Zone 1 /2 :  P i t  I ,  one vertebra R M M  6830; Pi t  2 ,  one 
vertebra 683 1 .  Zone 3 :  Pit I ,  two vertebrae 6832: Pi t  4 ,  
one vertebra 6833 .  

Th i s  snake gets no closer to  the  area today than  
northeastern M i ssouri  and southwestern I l l ino i s  
(Conant ,  1 975 ,  map 1 48 ) .  

Vertebral cha racters of  th i s  snake are  given in  
Ho lman ( 1 982a) .  Th is species i s  one of  the most easi l y  
iden t i fied large colubrid snakes in  North America 
based on ind ividual vertebrae. The foxsnake had a 
much wider distr ibut ion i n  the eastern and southeastern 
Un i ted States in the Pleistocene than it has today 
( Ho lman ,  1 98 1 ,  1 984) :  i t  has recent ly  been recorded 
from the late Pleistocene of Georgia ( Holman.  I 985a,b ). 
Th i s  species is found i n · grasslands and woodland 
edges. 

Heterodon c.f Heterodon platirhinos Latre i l le  
Eastern Hognose Snake 

Zone I /2: P i t  I .  two vertebrae RMM 6834;  Pi t  2 .  one 
vertebra 6835. Zone 3 :  Pi t  I .  t h ree vertebrae 6836: Pit 3 .  
t hree vertebrae 6837 .  Zone 4: Pi t  I .  two vertebrae 6838.  

Holman ( I  98 1 )  quotes l i te rat ure that deals wi th the 
ident i ficat ion of vertebrae of the species of Heterodon. 
Moun t  ( 1 975 )  considers t h is species to  be of statewide 
occurrence in Alabama, in a reas of broken terra i n .  

Lamprope!tis getulus ( L i nnaeus)  
Eastern K i ngsnake 

Zone 1 /2 :  P i t  3, one vertebra R M M  6839 .  Zone 3: 
P i t  4 ,  one vertebra 6840. Zone 4: Pit I ,  one vertebra 
684 1 .  

Holman ( 1 98 I )  quotes references to the ident ificat ion 
of  i so lated vertebrae of th i s  species .  The eastern 
k i ngsnake occurs in the area today ( Mount ,  1 975.  
Fig .  223)  at the edges of  aquatic  hab i tats .  

Lamprope!tis lriangu!um triangu/11111 ( Lacepede) 
Northern Mi lks nake 

Zone 1 12 :  Pit I ,  five vertebrae RMM 6842; Pit  4 ,  one 
vertebra 6843 .  Zone 3 :  Pit I .  s ix vertebrae 6844: P i t  3 .  
seven vertebrae 6845: Pi t 4, fou r  vertebrae 6846. Zone 4: 
P i t  3 ,  three vertebrae 6847 ; Pi t  4 ,  25 vertebrae 6848 . 

The ident ificat ion  of th i s  large subspecies based on 
ind i v idual vertebrae is d iscussed i n  Ho lman ( 1 985a) .  
The northern m i lksnake occurs only i n  extreme 
nort heastern A labama today (Mount ,  1 975 ,  Fig. 227)  
where i t  i s  a secret ive woodland form.  

Nerodia sp .  i ndet. 
Watersnake 

Zone 1 /2 :  Pit I ,  1 8  vertebrae R M M  6849; Pi t  2 .  fou r  
vertebrae 6850: P i t  3 ,  one  vertebra 685  I ;  P i t  4 ,  two 
vertebrae 6852. Zone 3: P i t  4 ,  six vertebrae 6853 .  

These vertebrae are too fragmentary to ident ify to  
the specific level . 

Nerodia sipedon ( L i nnaeus)  
orthern Watersnake 

Zone I /2: Pi t  I ,  one vertebra R M M  6854: Pi t  3 ,  three 
vertebrae 6855 :  P i t  4, five vertebrae 6856. Zone 3: Pi t  I ,  
one vertebra 6857 ;  Pi t  3 ,  two vertebrae 6858 ;  Pit 4. two 
vertebrae 6859. Zone 4: Pit 4 ,  s i x  vertebrae 6860. 

Brat ts trom ( 1 967 )  and Ho lman ( 1 967 )  d iscuss the 
ident i ficat ion of Nerodia and species of Nerodia on the 
bas i s  of i solated vertebrae. The species occurs in the 
a rea t oday (Moun t ,  1 975 ,  Fig. 246) in a variety of 
aquat ic  habitats .  

Opheodrys aestivus ( L i nnaeus) 
Rough Green Snake 

Zone 1 /2 :  Pi t  I .  two vertebrae RMM 686 1 :  Pit 3 .  one 
vertebra 6862. Zone 3 :  Pit 4 ,  six vertebrae 6863. 

Ho lman and R ichards ( 1 98 1 )  d is t inguish between 
vertebrae of 0. aestivus and 0. verna!is. Opheodrrs 
aesrivus is found i n  the area today (Mount .  1 975. 
Fig. 250) where i t  i s  common in vegetat ion around 
lakes and streams .  

Storeria sp .  i ndet .  
Brown or Redbe l ly  Snake 

Zone 1 /2 :  Pi t  I ,  t h ree vertebrae RMM 6864: Pit 3 .  
one vertebra 6865:  Pit 4 ,  1 1  vert ebrae 6866. Zone 3:  
Pi t  I .  two vertebrae 6867: Pi t 3 ,  two vertebrae 6868 : 
Pit 4. s ix  vertebrae 6869 .  

Ho !  man  ( 1 98 1 )  gives references for t he  ident i ficat ion 
of Storeria vertebrae .  We cannot determ ine the species 
of the above vertebrae. Mount  ( 1 975 )  bel i eves that the 
two s pecies of Storeria that occur i n  Alabama today 
(S. dekal ' i  and S. occipitomacu!ata) occur  statewide. 

Thamnophis sp .  indet .  
Garter or R ibbon Snake 

Zone 1 12 :  Pit I .  1 9  vertebrae R M M  6870; Pit 2 .  three 
vertebrae 687 I :  Pi t  3 .  one vertebra 6872: Pi t  4. two 
vertebrae 6873 .  Zone 3: Pit I .  n i ne vertebrae 48 1 2 : Pit 3 .  
seven vertebrae 6874; Pi t 4 ,  four vertebrae 6875 .  Zone 4: 
Pit I .  one vertebra 6876.  

Brat tstrom ( 1 967) d iscusses the ident ificat ion of 
isolated Thamnophis vertebrae . These foss i l s  are too 
fragmentary for s pecific ident ificat ion. 

Thamnophis sirta!is ( L i nnaeus) 
Gatersnake 

Zone 1 12 :  P i t  I ,  seven vertebrae R M M  6877;  Pi t  3 .  
one vertebra 6878 .  Zone 3 :  P i t  3 ,  one vertebra 6879.  
Zone 4 :  Pi t  I ,  one vertebra 6880 .  

Ho !  man ( 1 984) has d i scussed how vertebrae of large 
T. sirta!is may be separated from those of the s imi lar  
T. proximus and T. sauritus. Mount  ( 1 975 )  considers 
T. sirta!is to occur statewide in Alabama. 

Family Viper idae 
Agkistrodon sp. indet. 

Copperhead or Cottonmouth 
Zone 4 :  P i t  3 .  one vertebra RMM 6882. 
H o lman ( 1 98 1 )  gives references for t  he identi ficat ion 

of Agkistrodon and Crota!us vertebrae. We are unable 
to  determine th i s  broken vertebra to  the specific leve l .  
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Cro/(//us horridus Li nnaeus 

Timber Ra t t lesnake 

Zone 1 /2 :  Pit 2 .  one vertebra R M M  6883:  Pi t  3 .  five 
vertebrae 5055 .  Zone 3: Pit I .  t wo vertebrae  6884. one  
vertebra 4 1 95 ,  one vertebra 6885 :  Pi t  3 .  n ine  vertebrae 
463 8 .  Zone 4 :  Pit I .  one vertebra 4 1 42.  t wo vertebrae 
6886; Pit 3 ,  fou r  vertebra e  5 1 73 .  

H o l m a n  ( 1 967 )  g ives characters tha t  d is t i n gu ish 
C. horrid11s from other  v iperid species in ca� t crn 
Un i ted States .  This  species is considered bv M o u n t  
( 1 975 ) t o  have a s t a tewide occurrence i n  A l abama 
today . The t i m ber ra t t l esnake  is  a species tha t  prefers 
forested areas. especia l ly i f  rocky  ledges a re ava i lab le  
for  h i bern a t i o n .  

D I SCUSSION 

Herpetological ev idence from l a te  Wiscons inan  cave 
fau na s  i n  the  Un i ted S ta tes has somet imes been 
neglected or m i s in terpreted ( Ho lman .  1 986: Fav.  
1 988 ) .  Several of  t h ese fa unas have a m ph ib ian  a 1�d 
rept i le spec ies t h a t  would not be eco log ica l lv 
compat ib le w i t h  some of the  mammal i an  s

-
pccie

.
s 

today ; b u t  some workers have d i s rega rded t hese 
herpetological spec ies on t he suppos i t ion that  they 
were modern i n t rus ions i nto the  fa u n a .  B u t  t h e  Be l l  
Cave  herpetofau na is  tem pora l l y in  contex t  w i t h  t h e  
rest of t he fa una .  M oreover. Carbon 1 4  dates i n  
ident i fiable s t ra t igraphic u n i t s  provide a s t ra t igra ph ic  
control that  is un usual  in  some  previo us ly  report ed 
Nort h  America n Pleistocene cave faunas .  

Excessi ve da mage was  present  on m a n y  of  the fossi l  
bones clue to the  act ivi t i es of predators and sea vengers . 
Thus ,  on ly  7 1 8 of 3953 ind iv idua l  bones ( 1 8  per ;en t )  
were ident ifi ed t o  t h e  generic or  t o  t h e  specific level . 
Fig. 4e.f shows two t u rt l e  bones t h a t  could not  be 
iden t i fied t o  genus or species.  Fig.  4e  is  from t h e  
p las t ro n  of a la rge emydid t u rt le t h a t  had  been b i t ten 
by a very  la rge predator .  Em mons ( 1 989 )  has deta i l ed 
how jaguars ( Plm11hcra 011ca) feed u pon t u r t les  b v  
crush ing the shel ls in their jaws .  I t  is  l i ke ly t ha t  m a n v  ;f 
t h e  large turt le  rema ins  from the  Ladds .  Geo rg ia . 
USA.  Pleistocene s i t e  had been crushed bv t h ese la rge­
headed fel i nes ( Emmons, 1 989. Fig .  I :  H ;lman ,  1 98Sa ,  
F ig .  4 ) .  I t  t h e refore seems poss ible tha t the  large too th  
marks on the  Be l l  Cave. Alabama. t u rt l e  she l l s  could 
a l so have been made bv Pa11/h('J'a 011ca. Fig. 4f is from 
the  p lastron of a smal l e r  emvdid tur t le  that  had been 
gnawed by rodents .  

A wide variety of  aquat ic and terres tr ia l  habi tats i s  
i nd icated by t he fossi l  herpetofa una , and  th is  may be 
m ost logica l l y  a t tr ibu ted to t ransporta t ion  of p rey to 
the cave by various predators . Bears and large fel ids 
( s t i l l  be ing s tud ied)  were presen t  in  the  cave as a t tested 
by fossi l  remains .  

Smal l  c l ear  streams are i ndicated by Crrp!Obranchus 
a/ffganifnsis. Larger, s lower st reams a re i ndicated b y  
Chn•scn1.l's pic1a. Grap1enn·s gcographica. Pseudcm rs 
concinna. Trion r.Y spi11iferus. and Nerodia s1jJedon. 
Marshy wet lands a re indicated by Rana ca1esbeiana, 
Rana pipicns complex ,  S1oreria sp. and Thamnophis 
sinalis. Talus  areas below waterfa l l s  or seeps a re 
i ndicated by Desmogna1h11s ochrophaeus. Woodlands 

and wood land edges a rc i n d icated by A 111h rs1011w 
111arn!a111111. E11rrcea sp . . Ple1hodo11 gl111i11os11s. 811(!1 
a111('J'ica1111s. 811(0 1rnodho11sii fo 11 '/eri. H r!a gra1iosa. 
A110/is caro!i11e11sis. Carphophis a111oe1111s. Co/uhcr 
co11s1ric1or. Diadophis p1111c1a111s. E!aphe cf. E. g1111a1a. 
Efaphc 1•11/pi11a. l le1erodo11 cf. H. pla1irhi11os. 
l_a111propc/1is ge111!11s. l_a11111rope/1is 1. 1ria11g11l11111. 
Opheodrrs atsli\'/ls and Cro/(//11.1· horrid11s. 

A l l  of the foss i l  a m ph ib ians  and rept i les from t he 
Plc is t ocene of Bel l  Cave arc rep resented bv . pccics t h a t  
a rc l i v i ng today .  a s i t u a t i o n  tha t  i s  n o t  unusua l  i n  
N o rt h  American l a t e  Wisconsinan hcrpctological 
assemblages. This  is  i n  sharp cont r;1 s t  to  N o rt h  
A merican la te  Wiscons inan mammal ian  assemblages 
which s u ffered much ex t i nc t ion  a t  t he end of the 
Ple is tocenc. E x t i nct fcl ids .  ccrvids. armadi l los and 
horses.  as wel l as smal ler mammals.  were recovered 
from Be l l  Cave and a rc currcn t lv  bc in!.!. s tud ied bv 
seve ra l c .xpcrt s  on the various tax�nomic

-
groups .  

. 

The  absence of t h e  ex t i nct  g iant  land t orto ise .  
Ceoche/onc crassi.1·c11/(/ /a .  which was present  i n  t h e  la te  
W i scons inan  fauna  of nort h wcstern GcorQia . U S A .  
( H ol m a n .  1 985a .b )  is  unexp la i ned.  b u t  could

-
be rela ted 

t o  some u n k nown or  un in terp ret ed taphonomic  eve n t .  
T h e  l a c k  of  e x t i nc t ion  i n  t h e  N ort h American 
h e rpe tofa u n a  d u ring t h e  past  1 . 8 m i l l ion yea rs 
com pared to t h a t  of t h e  ma mmals .  a n d  to a lesser 
e x t en t ,  the b i rds. i s  beco m i ng a subject of cons iderable 
d isc u ss ion (Ho lman .  1 989) .  

Be l l  Cave is typical  of  several la te  Wisconsinan  
fa u n as ( Fa y ,  1 984,  1 986. 1 98 8 :  H o l m a n ,  1 986:  Holman  
and Grady .  1 98 7 )  i n  hav ing  a herpetofauna t h a t  
resem bles t h e  modern one i n  the area. T h e  rela t i ve 
stab i l i t y  of these herpetofaunas in the face o f  the  
ch a nges tha t  occu rred i n  the la te  Ple is t ocene  has posed 
a pro b lem that has been d iscussed . but not actua l ly  
reso l ved (Holman.  1 986:  H olman and Grady, 1 987 :  
F a y .  1 988 ) .  

We have no reason t o  bel i eve tha t  t h e re has been a 
sys te mat ic mis iden t i fica t ion  of taxa from t hese s i tes .  
M o reover.  severa l o f  t hese fa u nas are from caves with  
beds tha t  a re very wel l  s t ra t i fied and that  have been 
da ted  by t he Carbon 1 4  method ( Ho lman ,  1 986 :  
H o l man and Grady ,  1 987 :  Fay,  1 988 ) . Therefore. there 
is every reason to bel ieve t h a t  a l l  of the fossi l  vertebrate 
taxa from these s i tes were l i v ing contemporaneously. 

Thus. the most pars i mon i o us explanat ion for these 
seem ingly d isharmonious assemblages appears to be 
t h e  one proposed in reference to the late Pleistocene 
vertebrate fauna of New Trou t  Cave, West Virgin i a  by 
H o lma n and Grady ( 1 987 ) .  This hypothesis was 1ha1 
some1 l 'ha1 cooler summers and a more mosaic vegelalion 
1rn11/d a/101 1 ·  for 1he selec!ive survival of some of !he 
mammalian species 1ha1 \ \ 'ere forced sou1h1l 'ard b)' !he 
advancing glacial fro111: an�! Iha! !he presen�e of 
nonhern amphibian and rep!ile popufalions forced 
sou!lmard 1rould no/ be easily de1ec1ed because of 1he 
lack of herpe10/ogica/ species 11•i1h restrictive nor!hern 
dis 1 ri bu 1 ions. 

The Ladds herpetofauna of northwestern Georgia 
( H olman ,  1 985a ,b )  remains an exceptiona l  one,  h av ing 
s t r ik ing northern and southern ex t ra l imi t a l  s pecies 
from coevel Carbon 1 4  dated l ate  Wisconsinan 
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TA XON ZONE 112 ZONE 3 ZONE 4 

Cr 1ptohranch11s alleganiensi.1· x x x 
Amb L1·to111a sp. indet .  x x 
Amh r.1·to111a 111aculat11111 x x 
Desmog11ath11s sp .  indet .  x 
Des111ogna1h11s ochrophae11s x 
£111'.l'cea sp.  indet .  x x 
P/ethodrm g/11tinos11s x x 
811[0 sp.  indet .  x x 
811[0 a111erica1111s x x 
811[0 11 ·oodhousii fowfl'/'i x x 
HJ>fa gratiosa x 
Rana sp.  indet.  x 
Rana pipiens complex x x x 
Rana catesbeiana x 
Trion rx sp.  indet .  x x 
Trionrx spiniferns x 
Chrrsern l'S picta x 
Craptemrs geographica x x 
Pseudrmys sp. i ndet .  x 
Pseudrm rs concinna x x 
Ano/is carolinrnsis x 
Carphophis a111oe1111s x x 
Co/uhrr constrictor x 
Diadophis punctatus x 
Elaphr sp. indet .  x x 
Elaphr cf. E. g1111ata x 
£/aphe vulpina x x 
Hetrrodon cf. H. p/atirhinos x x x 
Lampropeltis ge111/11s x x x 
Lamprope/tis t. triangu/11111 x x x 
Nerodia sp. indet. x x 
Nerodia sipedon x x x 
Opheodri•s arstivus x x 
Storeria sp. i n det .  x x 
Than111ophis sp. i ndet. x x x 
Thamnophis sinalis x x x 
Agkistrodon sp. indet .  x 
Crotalus horridus x x x 

TA B L E  I :  Pleistocene amphib ians and rept i les of Bel l  Cave. A labama 

fissures. An  explanat ion for the anamolous Ladds 
fauna  is sti l l  being sought .  

Table indicates the distribut ion of foss i l  
amph ibian and repti le species by strat igraphic zone a t  
Be l l  Cave. Zone 1 /2 has a Carbon 14  date  of  about  
1 2 ,000 B .P . ,  t h us the bones were deposi ted duri ng the 
res torat ion of i nterglacial condit ions that  lasted from 
abou t  1 5 ,000 to about  1 0,000 B . P. in Nor th  A merica 
( Wat ts ,  1 98 3 ) .  Zone 3 does n ot have a Carbon 1 4  date ,  
but  i t  has a s im i la r  sed imentary p rofile and i s  
fau ni st ical ly very s imi lar to  Zone 1 /2 (Table 1 ) . 

Twen ty-fou r  species occur  both i n  Zone 1 /2 and 
Zone 3 ;  and the same extra l imi ta l  species (Bufo 
americanus. E!aphe vulpina and Lampropeltis t. 
1riangu/u111 ) a re p resent i n  both zones. Buja americanus 
and  Lamprope!tis t. triangu/um occu r  on ly  i n  the  

nort h eastern t ip  of  A labama today, bu t  E!aphe vu!pina 
gets n o  closer t o  the  vic i n i ty  of the cave today than 
northeastern M issouri and southwestern I l l inois .  But  
E. vulpina had a m uch wider d is tr ibut ion i n  the east 
and southeast in the Pleistocene ( Holman,  1 98 1 )  and 
has been recorded from the la te  Wiscons inan fauna of 
northwestern Georgia ( Holman, 1 985a,b) .  These 
s l ight ly  eastern species and the  northern species might 
be i n terpreted as suggest ing a somewhat moister 
and/or cooler palaeocl imate .  But the fauna  as a whole 
does not suggest a c l imate much d ifferent than occurs 
in the area today. Most certa i n ly, the p resence of egg­
lay ing rept i les (Pseudemys concinna, Triony.y spiniferus. 
Carphophis amoenus. Co/uber constrictor, Diadophis 
punctatus. Elaphe cf. E. guttata. E!aphe vu!pina. 
Heterodon cf. H. platirhinos, Lamprope/tis 1. triangulum , 
and Opheodrys aestivus) negates a Tundra-l ike  or 
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Borea l - l i ke  c l i mate  d ur i ng t h e  depos i t ion  of t he bones 
in Zones 1 /2 and 3. 

Zone 4 has a Carbon 14 date  of abou t 26.000 B . P  . .  
t h u s  t he bones were depos i ted d uring t h e  fi rst p a rt o f a  
c l i m a t i c  deter iorat ion t h a t  began 30 .000 vears ago a n d  
t h a t  c u l i m i na ted  i n  t h e  g lac ia l  ma x i m u m  i n  N o rt h  
A merica about  1 8 .000 years ago ( Wat t s .  1 98 3 ) .  O f  the  
1 3  species iden t i fied from Zone  4 .  t ll'll a re ext  r;t l i m i  ta I :  
Desmog11a1h11s ochrophaeus and l.a111prope/1is 1 .  
1ria11g11/11111 . both occur onlv in  the t ip of  nort h  western 
Alabama tod a y .  Aga i n .  the fa u na docs not suggest a 
c l i m a te much  d i fferent  t h a n  occurs i n  t he a rea of the  
cave t oday.  

A lso.  the  presence of  egg-laying rcpt  i lcs  ( Chrr.\"l'nffs 
picw. Ano/is carn/i11e11sis. He1erodo11 cf. /-/. 11/a1irhi110 1·. 
La111prope/1is ge111/11s a n d  l.am11ropc/1is 1. 1ria11g11/1111 1 )  
a n d  espec i a l l y  Ano/is caroli11c11sis. a spec ies very 
vu lnerable  to  cold ( Mo u n t .  1 975 )  negates t h e  
poss ib i l i t y  of  a Tund ra-l i k e  or Borca l - l i k c  c l i m a te 
d u ri n g  the  depos i t ion of the bones in Zone 4. 

C O N C L U S I ONS 

Late Wiscons i nan hcrpetofaunas from the m idd le  
l a t i t udes of Nor th  A m erica usua l ly  arc very  s im i la r  to  
t he herpetofa unas  tha t  occur  in t he vi c i n i t v  of t h e  foss i l  
loca l i t ies today.  whereas the  foss i l  mammal ian  fa nuas  
from these local i t ies usua l l v  h;wc many c x t ra l i m i t a l  
a n d  e x t i nct t a x a .  The B e l l  Cave hcrpc tofat1 11;1 fi t s  t h i s  
p a t t e rn .  M a n v  of t h e  foss i l  a m p h i b i a n  and rept i le 
bones were badlv damaged bv p redators  and 
sca vengers. a nd the  wide  variet v of  h a b i t a t s  
represented by the  a m ph i b ian and rep t i l e  species i s  
a t t r ibu ted to  t ra nsporta t ion  bv pal :t eopredators .  I t  is  
d i ffi cu l t  to  s uggest a pa laeocl imatc  m uch d i fferen t  
fro m  the  c l ima te  of  the area todav  based on the  
herpetologic rema i ns from any of t h e  s t ra t igra p h i c  
u n i t s  i n  Bel l  Cave.  Cert a i n l v .  t h e  p resence o f  m a n v  
egg-lav ing t ur t les.  l i zards a n d  snakes  i n  :t l l  u n i t s  
nega t es a Tu ndra-l i ke or  Boreal- l i k e  i n t erpre ta t ion  o f  
t h e  palcocl ima te .  
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I n  the course of our s tudies on the venomous New 
World coral snakes ( Fami ly  E lapidae) and their  less 
tox ic  or harmless m imics i t  has become clear that a 
barrier to accurate descr ipt ion of models and mimics is  
t he  absence o f  a cons is tent terminology for the various 
co lour patterns exh ib ited by these repti les. The lack 
of  un i formity i n  termino logy hampers the analysis of 
evolut ionary t rends and _geographic variat ion with i n  
genera and  species and  a lso creates confusion i n  
documenting concordant geographic variat ion between 
m odels and presumed mim ics .  Consequent ly, we 
p resent below a s imple and concise set of terms that  
s tandardises descr ipt ion of the pri ncipal colour 
pat terns for these snakes. I t  is our  in ten t ion to  prepare 
a more comprehensive descr ipt ion of  varia t ion with i n  
t he  basic t ypes defined here and  to provide a 
taxonomic  review of the ir  occurrence in New World 
species in a subsequent paper. 

The system that we p ro pose is  derived from the 
descriptors for the dorsal co lour  patterns of the 
venomous coral  snakes ( Micrurus and Micruroides) 
developed by Schmidt ( 1 936)  and Dunn  ( 1 954) based 
upon the number of d i fferent colours forming 
i ndividual r ings and the  number o f  b lack ri ngs 
separating the red ones. Their system made a 
d is t i nct ion between those patterns characterised by 
a l ternat ing r ings of black and a l ighter colour (usual ly 
red,  but  somet i mes whi te o r  yel low) and those having 
b lack r ings, red rings and r ings o f  a l ight co lour 
(usual ly yel low but somet i mes white) .  The former were 
termed bicolor and the la t ter  tricolor i n  conformance 
w i th  general usage for other  snakes. Schmidt  ( 1 936)  
po inted out that  the t r i co lor  forms cou ld be divided 
i n to  two subgroups, t hose i n  which each red r ing is 
separated fro m  the next by an  a l ternat ing l ight-black­
l igh t  sequence of  rings and those with a more complex 
pattern where the red r ings a re separated from one 
another by an  a l ternat ing b lack-l ight-bl ack-l ight-black 
sequence of rings. Schmidt  referred to  the lat ter 
pattern as the  triad type because there were th ree black 
rings between each red one. Dunn ( 1 9 54) refined this 
terminology further and g rouped coral snakes i n to  
t h ree pattern categories: bicolor, tr icolor and tr icolor 
t r i ad .  

Presumed coral snake m im ics of a n umber of  genera 
of harmless and .  rear-fanged snakes have been 
recorded as having b icolor, t ricolor or tr ico lor tr iad 
dorsal patterns .  These patterns may be of bands or  
r ings (a few cora l  snakes a re  also banded, no t  ringed) .  
I n  addit ion,  several non-elap id t ricolor species exhib i t  a 

pattern not found i n  any coral snake. I n  these forms 
each red band or  ring is separa ted from the next red 
one by a s imple a lternation of black-l ight-black rings 
(or  bands). Unfortunately a number of authors, most 
notably Klauber ( 1 943) for Lamprope/!is and Taylor 
and Smith ( 1 943) for Scaphiodontophis, have referred to  
components of  th is pattern as ' t riads'. In  Lampropeltis 
the b lack-red-black component was cal led a 'tr iad' .  I n  
Scaphiodontophis ' t riad' was used i n  exact ly the 
oppos i te sense for the black-l ight-black component. 
These usages, which have been fol lowed i n  several 
subsequent s tudies of these genera, create con­
s iderable confusion s ince the term triad has been 
u t i l i sed by Schmidt  ( 1 936) ,  Dunn ( 1 954) and most 
recent s tudents of coral snakes for the black-l ight­
black-l ight-black sequence of  r ings in  coral snakes ( i .e .  
for t h ree black r ings). 

Two other t ricolor patterns a lso occur i n  non-elapid 
snakes ( Mertens,  1 956) .  In one geograph ic  subdivis ion 
of  the  rear-fanged Erythrolamprus aescu/apii and some 
A tractus, the red-ri ngs are separated from one another 
by a b lack-l ight-black-l ight-black-l ight-black sequence 
of r ings. One geographic un i t  wi th in the harmless 
species Simophis rhinostoma has the  red rings 
separated from one another by an al tera t ing black­
ligh !-black-I igh t-black-1 igh t-b lack-I igh t-black sequence 
of ri ngs . This same pattern is also typical of the 
Mexican and G uatemalan coral  snake, Micrurus 
e/egans. 

As may be seen from the  above review several 
d i fferent tr icolor patterns are found in t hese snakes 
and two very d ifferent patterns types and two different 
sequences i n  the same pattern type have been cal led 
tr iads .  Consequent ly ,  we propose the  fol lowing revised 
and standard ised terminology to describe the various 
dorsal (banded or ringed) patterns found in these 
snakes ( Fig. I ) . For t rico lor species th is system 
emphas ises the number of  black bands or rings 
separating the red r ings from one another. Following 
the impl icat i on  of  the use of  the term t ricolor t riad ( i .e .  
t hree i nterven ing black bands or r ings separa t i ng the 
red ones from one another) as origina l ly  appl ied to  
cora l snakes, i t  uses a newly coined se t  of descriptors to  
designate the  cond i t ion of  one (monad), two (dyad), 
four  (tetrad) or five (pentad) black bands or r ings 
separat i ng the  red ones. This e l im inates the confusion 
caused by K l auber ( 1 943) and Taylor  and Smith ( 1 943)  
and others i n  the i r  usage of  'tr iad' for different 
components of  the pattern of snakes having what is 
here cal led a dyad pattern. 
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Fig .  I A sche m a t i c  re p rese n t a t ion  of  t h e  m a j o r  p a t t e rn  t v pcs occ u rr i n g  i n  t h e  v e n o m o u s  cora l  s n a k e s  a nd t he i r  m i m ics .  The 
s t i p pled a reas rep resent  reel : t h e  wh i te a reas re p rese n t  \T i i o w  or w h i t e :  t he b lack  a reas  a rc b l a c k .  B I = b icolorc d .  T M = t rico lor  
monad.  T D = t ricolor  dv; 1d .  TT = t ricolor  t ri a d .  TTE = t ricn lor  tet ra d .  T P  = t rico lor  p rn t a d . 

A .  U n icolor - esse n t ia l l y  a u n i form red clnrs u m  ( e . g .  
s o m e  Yuca ta n Pen i nsu la  1\ 1icmms dias1c111a ) .  

B .  B i color - a l t e rn a t i ng bands or r i ngs o f  black a n d  
l ig h t  ( reel. ye l l ow o r  w h i t e ) .  freq u e n t l y  reel i n  t h e  
venomous coral snakes ( e . g .  Micrur11s 111iparri111s. 
Urorhcca c11n·zn11a ) .  

C. Tricolor - a l tern a t i ng ba nds o r  r i ngs o f  b l ack . reel 
and l ight  ( us u a l l v  v c l l o w .  somet i mes w h i t e ) .  

I .  Tricolor monads - red bands or r i ngs sepa rated 
from one a not  her bv a scq ucncc of a I tern a t i ng bands or  
r i n gs of l i ght-b l a c k - l i g h t :  o n e  black r i n g between red 
r i n gs (e .g .  Micr11ru.1.f11ll'is. Rhi11nho1/ir rn111 ) .  

2. Tricolor dyads - ree l  bands or  ri ngs sepa ra tccl from 
one another bv a seq uen ce of a l te rn a t i ng bands or r i ngs 
of black- l ig h t-b l ack : two black r i n gs between reel r i ngs 
(e .g .  some Scapliindn11 I op his. Lall/propel r is p rro111elana. 
most Lampropelris zonara). 

3. Tricolor triads - red ba n cls or r i n gs sepa ra tecl from 
one  a nother by a seq uence of a l te rna t i ng bands  or  r i n gs 
of b lack-l ight-black-l ight-black: three black nngs 
between reel r ings (e .g .  Micruru.1 i.1 0::01111s. some 
A 1rac111s claps). 

4. Tricolor tetrads - reel bands or ri ngs sepa ra ted 
fro m  one a not her  by a sequence of a l ternat ing bands or  
rings of black-l ight-black-I ight-black-l ight-black : four  
black r ings between red r i ngs ( e .g .  some A 1rac111s claps. 
some Atractus latifrons). 

5. Tricolor pcn tacls  - red bands or  ri ngs sepa ra ted 
fro m one a n o t h e r  by a seq uence o f  a ltern a t i n g  bands or 
r i ngs o f  b l ac k-1 igh t -b lac k-1 igh t-black-1 igh t-black-1 igh t­
black ( e . g . Micrurus elegans. some Simophi.s 
rhinosroma) .  

Snakes hav i n g  b i co lor ,  t r ico lor  dya d .  t r icolor t riad . 
tr icolor te t racl o r  t r ico lor  pen tacl patterns h a ve t h e  reel 
ba n cl s  or ri ngs borcle r i ng black  ones . I n  t h e  t ricolor 
monad pat tern the reel ba nds or  r ings a re separated 
from t h e  black bands or r i n gs by a yel low or w h i t e  
b a n d  or  r ing . 

M ost spec i es of coral sna kes and members of t h e  
cora l s n a k e  m i m i c gui ld possess only a s i ng le pat tern 
t yp e .  However. as i nd ica ted a bove. some taxa ex h i b i t  
geogra p h ic v a r i a t i o n  i n  pat t ern w h i l e  a few spec i es may 
have d i fferent patterns presen t on  d i fferen t  parts o f  the 
body ( e .g .  some Scaphiodontophis).  These and  o the r  
vari an t s  w i l l  b e  more fu l ly  d iscussed t n  ou r 
forthcoming rev iew of va r i a t i o n  a nd th e taxonomic 
occurrence of cora l  snake pa t terns . 
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INTRODUCTION 

A l l  but  one of the Lesser Ant i l lean is lands or is land 
groups, has (or once had) i t s  own species of macrotei id 
'ground l izard' ( Cnemidophorous or Ameiva) ( Baskins 
and Wil l iams, 1 966; Schwartz and Henderson ,  1 985 ) .  
Ground l izards favour dry coastal hab i tats wh ich ,  i n  
t h e  Lesser An t i l les, have been subject to  much 
development for housing, tourism and  cult ivat ion .  
Probably as a resu l t  of  such habi tat  destruction ,  and 
possibly also due to  predat ion by  i ntroduced 
m ongoose (Herpestes herpestes), ground l izards are 
now  rare or ext inct  on several is lands ( Underwood, 
1 962 ;  Corke, 1 987 ;  Johnson, 1 988) .  

Dominica ( 1 5° 25'  N ,  6 1 °  25'  W)  is  u nusual  in  the 
Lesser Ant i l les in  having ret ained between 60 per cent  
and  75  per cent  of i t s  origina l  forest cover, incl uding i t s  
coasta l  woodlands (Evans ,  1 986) .  The la t ter support 
popula t ions of Ameivafuscata, confined to Dominica.  
There have been few publ ished reports of  the  diets of 
A meiva, and none for A . fuscata or other Lesser 
A n t i l lean species. Hirth ( 1 963) ,  H i l lman  ( 1 969) and 
Echternacht  ( 1 983 )  described the  d ie t  and feeding 
behaviour of several ·Costa Rican species and more 
recent ly Vega et al. ( 1 98 8 )  described the diet of 
A. ameiva i n  Argent ina .  

As part of a l ong term study of Domin ica's forests ,  
i nc luding the repti le  and amphibian com m un i ties, data 
were col lected on  the diet and feeding behaviour of 
A.  fuscata i n. one of the  two types of coas ta l  woodland,  
Dry Scrub Woodland. 

STUDY AREA AND M ETHODS 

Fieldwork in the  Cabrit s  Pen insula ,  north-east 
Domin ica, was conducted in March-Apri l 1 988  and 
December-January 1 989; t hese dates corresponded 
approximately to dry and wet seasons respectively. 
More trees were in frui t  or flower in  the dry season than 
i n  the wet season ,  and the mean l i tter layer was 
s ignificant ly  deeper at that t ime  (X = 2 .76cm, N = 5 
composite samples ,  dry season ;  X = 0.98cm, N = 5 
composite samples, wet season ( t4.4 = 3 .98 ,  p<0.02). 

Prey avai lab i l i ty  a t  ground l evel was estimated using 
p itfa l l  (can )  t raps ( 78mm deep ,  73mm diameter fi l led 
to  c.30mm depth with water p l us detergent) .  During 
both the dry and wet season vis i ts five l ines of 10 pi tfal l  
t raps were set for 48h  on  two dates separated by  at least 
1 4  days. The catch was sorted to order/fami ly and prey 
lengt h .  Pitfa l l  t raps do not necessari ly provide 
representative samples of species composit ion and 
species divers i ty (Southwood, 1 978) .  Thus comparison 
between i nvertebrate avai lab i l i ty  and prey taken must 
be viewed with caution, and only l arge differences are 
described here. 

A.  fuscata, whilst not threatened, is  a protected 
species in Dominica,  and large scale destructive 
sampl ing principal ly for s tomach contents was 
u ndesirable .  N on-destructive l ive capture and stomach 
flush ing (Pietruszka, 1 987)  proved very difficul t  with 
this s pecies and al l  but  seven out of a total of 1 9  
spec imens were k i l led .  Thus the  sample s ize for diet 
analysis was sma l l .  Neverthe less ,  specimens from most 
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of the  s ize range (max imum snout-vent of c .250mm 
(D. J .  Bu l lock unpubl ished)) were represented as 
fol lows :  seven with snout-vent lengt hs of::;70mm: fou r  
w i t h  snout-vent lengths between 7 1  and 1 40mm and 
eight with snout-vent length 2':. 1 4 1 mm.  Stomach 
contents were sorted to order/fami ly and dimens ions 
of prey measured to 0. 1 mm accuracy. 

Quant itat ive observat ions of foraging behav iour of 
A . fuscata cons isted of t imed watches (m in imum of 
5 m inu tes durat ion)  of undisturbed focal i ndiv iduals  
between 0700h and I 700h in c lear ,  sunny weather.  
periods when th i s  species was known to be act ive (D. J .  
Bu l l ock and P .  G .  H. Evans unpubl i shed ) .  Attempts at 
hand capture and sess ions of undisturbed observat ions 
were i ncompatible so the former were mai nly rest ricted 
to t he dry season and the latter to the wet season vis i ts 
respect ively. Snout-vent length .  in i t ia l  microhab i ta t  
( l i t t er ,  rock ,  so i l ) ,  d i s tance moved (m) .  number of bask 
s i tes  a nd number of prey capture a t tempts  ( successfu l  
and unsuccessfu l )  were recorded. 

R ESULTS AND DISCUSS ION 

Comparison of the prey s ize distr ibut ion i n  p i tfa l l  
traps between d ry  and  wet seasons showed that there 
were more large prey and a fewer number of l a rge prey 
i tems avai lable in the dry season than wet  season .  As 
the major i ty of  s tomach samples were obtai ned in the 
dry season, on ly  pi tfa l l  data from the dry season were 
used to compare avai labi l i ty with diet .  

l'itfall 

Vo/11111e 

Pre r 1_1·pe fJr x 

A n nelida 
Ol igochaeta 0.0 1 34.9 

A rt h ropoda 
A raneae 1 .0 24.8 

Opi l iones 4 1 . 1  0.0 

J sopoda 0.0 I .  I 
Di plopoda 0.4 8 . 0  

Chi lopoda 1 . 2 0.0 

Collembola 0. 1 0 .0 

Dermaptera 4.0  2 1 . 1  

D ictyoptera 22.0 0.0 

Orthoptera 1 8 . 3  1 5 . 5  

Psocoptera t r  0.0 

Hemi ptera (nymph)  0. 1 0 .0 

Thysanoptera 0. 1 0 .0  

D i ptera 2.0 0. 1 

H ymenoptera ( A nts)  1 . 7 2 . 2  

(Others) 0.0 4.9 

Coleoptera ( Adul ts )  7 .4  526 .2  

' ( Larvae) 0.0 1 5 .9 

Mollusca 
Gastropoda 0.0 3 . 1  

O thers 0 . 5  5 . 1 

Seed and Vegetat ion 53 .9  

One of the stomachs conta i ned only so i l  and mi tes 
(Acari ) that had probablv b..::cn i ngested un inten­
t iona l ly ,  and so was excl uded from computat ions .  
Ol igochaeta. and  adult Colcoptera (ma in l y  a la rge. 
brown species) were the most abundant prey i tems. I n  
volumetr ic terms. adult Coleoptera were by fa r the 
most important prey. fo l lowed by O l i gochaeta 
(Table I ) . Comparison between the percentage volumes 
of each prey type in pitfa l l  traps and stomach. gave a 
tentat ive indicat ion of the degree to which A . fuscata 
selected certa i n  invertebra tes. Thus adult Coleoptera 
and Ol igochaeta were selected. Opi l ionids however 
were not taken.  This apparent avoidance was probably 
because the species concerned was noct urnal ly  act ive; 
during the day it was inactive under rocks where it 
would have been inaccessible to A . .fuscata. Dictypotera 
and Ort hoptera were also apparent ly avoided , 
pro bably again because the most abundant species 
were nocturna l .  The occurrence of a la rge amount of 
leaves i n  the stomach of one i ndividual indicates that 
A . .fuscata i s not exclus ively i nsectivorous (Table I ) . 
Casual  observat ions revealed that this species a lso ate 
carrio n  and fa l len crop frui ts such as avocado ( Per.1·ea 
sp . ) ,  sours op (Annona muricata) and banana ( Musa sp .  ) .  

Max imum a rthro pod prey length was  pos i t ively 
corre la ted with l i zard head width ( r  = 0 .  708 , df = 1 8 ,  
p<0.00 I )  a n d  snout-vent length ( r  = 0 .573 ,  d f  = 1 8 , 
p<O.O I ) . Comparison of the prey length distribut ion in 
p i tfa l l  t raps and stomachs suggested that A . .fuscata 
took relat ively large (>5mm length) prey and tended to 

S10111ach 

Vo/11111e N11111hcr 

7� x % 

9 . 6  4 .6 24.9 

1 . 8 0 . 2  0 .9 
0 . 0  0 .0 0.0 
0 . 1 0 . 7  3 . 6  

0 . 6  0. 1 0 . 3  
0 . 0  0.0 0.0 
0.0 0.0 0 .0 
1 . 5 1 . 3 7 . 2  
0 . 0  0 . 0  0 .0 
I . I  0 . 2  0 .9 
0.0 0.0 0 .0 

0.0 0.0 0.0 
0 .0 0 .0 0.0 
t r  0. 1 0 . 3  
0 . 2  0 . 7  3 . 6  
0 . 3  0 . 6  3 . 0  

3 7 . 5  3 . 1 1 6 . 8  
I . I  1 .4 7 . 8  

0 . 2  0 .8  4 .5  
0 .4 0 .5  2 . 7  
3 . 8  3 . 8  20.7 

TAB L E  I :  Summary of the  stomach content s  of Ameivafuscata. Volumes measured i n  mm3•  'O thers' i nc ludes empty Gastropoda 
shells, Myrmeleontidae, Acari and unident ified i tems. 
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a void n: l a  t i 1·cl v s 11 1 ; i l I ( <1 m m  il'ngt h )  prc v  ( Y', =548 . 0 7 .  

P<0 . 00 1 ) .  

. 1 . /i1sc11 111 werc i 11 1·; 1 r i a b l v  w; 1rv a n d  verv d i ffi c u l t  t o  
o bSL'rlT u n d i s t u rbed.  T h e  m :1jo r i t y  of i n d i v i d u ; d s  
( 8 9  p e r  cen t )  w e r e  obscn·L·d fo rag i n g  a m ongst l i t t e r .  i n  
; 1  g ru bb i n g  f;1 s h i o n  as d o  n t  her  mem bers o f  t h e  gen u s  
( l l i rt l l .  1 9(1 3 ) .  p o k i n g  t h e i r  s 1 w 11 t s  i n t o c;1 1·i t i es o r  
h o l e s .  or u n d er l i t t cr .  The J ; 1 r�e fo rked t o n � u e  w; 1s  
!l i c ked co11st a 11 t l v  a n d .  ncc; 1 s i o 1� ; 1 l l y .  o n e  o r  b� t h  fo re­
fee t  wcre used to 1T11w1·e l i t lL' r o r  l oose n s u r face s o i l  t o  
e x pose a p rey i t e m .  M e a n  ra t e  o f  m o ve m e n t  was 7 . 1 m 
p e r  I 0 m i n u t es ( S O = 7 . 6 5 .  N = 2 9 )  d u r i n g  w h i c h  t i m e  a 
m e a n  of 3 . 4  b a s k  s i tes  ( S O = 2 . 6 8 .  N = 2 9 )  were used . 
O f  58 p rey c a p t u re a t t e m p t s .  1 9  ( 2 2  p e r  ce n t )  were 
s u ccessfu l .  One la rge l i za rd (SVL = 1 80 m m )  was 
obse rved for 20 m i n u t es feed i n g  o n  a land c ra b  
( Gcgarci1111s s p . ) t h a t  i t  h a d  a ppare n t l y  k i l l ed i n  i t s  
b u r row: i t  w i t h d rew p a r t s  of '  t h e  c r a b ' s  body t o  devo u r  
a b ove gro u n d .  

O n  bas is  o f  o u r l i m i ted observa t i o n s  a nd a n a l vscs .  i t  
i s  c l e a r  t ha t  !1 . Ji1.w-a1a i s  p re do m i n a n t l y i n sect i vo ro u s .  
b u t  t h a t  s o m e  i n d i v i d u a l s ·( I i n  1 9  sa m p l e d )  i ngest la rge 
q u a n t i t i es of vege t a t i o n  . . la I l l.e n  ( 1 9 7 3 )  s uggL'Sted t h a t  
i s l a n d  . 'l111ci1·a speciL'S m ; i v  i n gest m o re 1·ege t a t i o 1 1  t h a n  
m a i n la nd cou n t e rparts  ; 1 1 1 d  t h ;1 t  t h i s  i s  re la ted t o  a 
dea rt h of bo t h  l a rge i nsects  ; 1nd n a t i ve t e rrcs t ri : 1 l 
predators .  I s l a n d  . ·1nll'irn c o u l d  t h u s  spend m o re t i lll L' 
ba s k i ng a n d  fe r me n t i n g vcgc t ; 1 t i o n .  t h a n  t h ose 011  t h e  
m a i 11 ! ;1 n cl .  P o u g h  ( 1 9 7 3 )  a rg u ed t h : i t  for sci n c i d  a n d  
i g u a n id l i zards ; 1dopt i o 1 1  o f  h c r b i l( 1 r v  1 1  ; i s  m < ire l i k e l v  
t o  occ u r  a h o v e  ; 1  m ;1 s s  o f  I OOg. prm i d e d  t h ; 1  t s u Ilic i L' l l  t 
t i m e  was devoted to ba s k i ng .  \.V i t h i 11 t h e  _!!c n u s  . · l 1111 ·irn. 

II .  /i1.1ca1a i s  L' \cept  ion a l l y  ! ;1 rgL '. re; 1ch i n g  150m m 
s n o u t-vent  l e n g t h  :rnd ;1 m a ss of (100g . I n  e c n s u sscs 
a p p ro x i m a t e l y  44 per ce n t  of . 1 .  (i1sca1a h a d  a s n o u t ­
ve n t  l e n g t h  o f > l 40 m m  a n d  a corre s p o n d i n g  m a s s  o f  
> I OOg (0 .  J.  B u l l ock u n p u b l i s h ed ) .  Th u s  0 1 1  t h e  b a s i s  
o f  l i z a rd s i ze a n d  i s l a n d  l oc a t i o n .  A . /i1sca1a co u ld be 
e x pected to b e  at  leas t  p a rt l y  herbivorous .  H owever.  
b as k i n g  t i me s  were s h o rt and c l e a r l y  m o re rela t ed t o  
m a i n t e n a n ce o f  a c t i ve body t e m pe ra t u re ( several  
d e g rees a bove a i r  t e m pe ra t u re )  ( Broo k s .  1 968 ) t h a n  t o  
fer m e n t i ng veget a t i o n .  

H ighest  d e n s i t ies of !1 . /i1 1cata a re i n  coa s t a l  
wood l a n d  ( D . J .  B u l lo c k  a n d  P .  G .  H .  E v a n s  
u n p u b l is h e d ) .  i n  t h e  l i t t e r  l a yer of w h i c h  m o s t  of i t s  
p re y  a re loca t e d .  W i t h  t h e  exce p t i o n  of i n  coco n u t  
p l a n t a t io n s .  t he l i t te r  l a yer i s  t y p i ca l l y  a bs e n t  fro m 
a re a s  w h i c h  were p re v i o u s l y  of coa s t a l  wood l a n d  b u t  
n o w  h a ve been replaced b y  c u l t i va t i o n  o r  p a s t u r e .  
O b se rved l o w e r  d e n s i t ies  of A . f11scata i n  m a n y 
c u l t i v at e d  a reas m a y  be rel a t e d  t o  t h e  reduced l i t t e r  
l ay e r  a n d  con seq u e n t  red u c t i o n  i n  food s u p p l y .  I n  t h e  
fac e  o f  co n t i n u ed a nd esca l a t i n g  devel o p m e n t  o f  
coa s t a l  wood l a n d s  i n  D o m i n i c a .  w e  m a y  t h erefore 

e ' pect  t he pop1 1 l : 1 t i o n  to d ec l i nL' ; 1nd beco m e  m o re 
fra g m e n ted . 
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\.Ve a re g ra t e fu l  to the D i rec t o r  of t he f'orest rv 
D i 1· i s i o 11 o f  O o 111 i n i c:1 . r. G regoi re. a n d  h i s  s t a ff. for 
perm i s s i o n  to work in Do m i n i ca a n d  for l n !.! i s t i c  
s u p p o r t . /\ . K.  M or r i s  . . I .  A .  S e d �elev a n d  A .  M a l l�o t ra 
p ro v i ded esse n t i a l  fi e ld ass i s t a n�e .  Th e  s t ud v  fo rmed 
pa rt of a l a rg e r  p roject s u p ported hv a Rov;; I Soc i e t v  
( O F R G )  g ra n t  t o  0.1 8 .  We t h a n k  O rs P. G .  H .  E v a n s .  
R .  S .  O l d h ;1 111 a nd M . .I. S .  Swan for c o n s t r uc t i ve 
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S H O RT N OTE: 
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M 1\SSIMO C A PU l . A 1 /\ N D  L UC A  L l l i S F l . 1 .1  
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(A rccpterl :!O. I 1 . 89) 

During herpetological invest igat ions in the F . R .  
Germany province o f  M l.in ich we gat hered new 
i nterest ing distr ibut ional  data on Lacer/a horvathi 
Mehely,  a lace rt id l i zard whose occu rrence has never 
before been reported i n  F .R .  Germany ( Blauscheck , 
1 985 ) .  The i nvest igat ions took place i n  the southern­
most terr i tory of  the Mlinich province. i n  a study a rea 
of about 20k m  (see Fig. I ) , which was sampled i n  the 
periods July-August I 989. 

Lacer/a horvathi i s  a re lat ively poorly known species 
ass igned to a problematic group of lacert id l i zards. i . e .  
A rchaeolacerta, considered either a s  a dis t i nct genus  
(Lanza, Ce i  and Crespo, I 977 ;  Gu i l l aume and Lanza ,  
1 982 ) ,  or as a subgenus (Mayer and Tiedemann ,  1 982 ;  
Lutz  and Mayer, 1 985 ;  Lutz. Bischoff and Mayer .  
1 986) .  The phylogenet ic relat ionships of this species 
are not clear: on  one hand karyological and h istological 
data would i nd icate that L. horvathi belongs to the 
same species group of L. vivipara. as these lacert id 
l i zards have s im ilar karyotypes ( 2n = 36 ,  with 36 
acrocentric macrochromosomes and no  microch ro­
mosomes) ( De Luca and Dul ic .  1 988 ;  Capula , Lap in i  
and  Capanna, 1 989) and present a s imi lar  structure of  
the  sp iny epi the l ium of the hemipenis ( Bohme, 1 9 7 1 ) ;  
on  the other,  protein electrophoresis and m icro­
complement fi xation analysis would suggest that 
L. horvathi is c losely related to L. bedriagae and 
L. oxycephala, as pointed out by Mayer  and 
Tiedemann ( I  982) and Lutz and Mayer ( 1 985) .  

L. horvathi is present .  wi th scattered populat ions ,  i n  
northern and western Jugoslavia, in northeastern 
I ta ly, and i n  southwestern Austria. In Jugoslavia th i s  
l i zard inhab i t s  the mounta in  regions of Dalmat ia  
(Velebi t  and Kapela Mounta ins) ,  ! s t ria ( Ucka Mount ) .  
and S lovenia (Ju l ian A lps)  ( Brel ih  and Dzuk ic. 1 974; 
Bischoff, 1 984) . In I taly, where i t  occurs up to  an 
a l t i tude of 2000m a.s. l .  (Darsa, 1972) .  L. horvathi has 
been t i l l  now encountered in  few loca l i t ies of  the  
Carnie and Ju l ian Alps ( Lapini and Dolce. I 983 ;  
Lap in i ,  1 988 ) .  I n  Austria ,  where the species was 
d iscovered only recently by Gri l l i tsch and Tiedemann 
( 1 986) .  i t  occurs i n  at  l east n ine local i t ies of  the 
Cari n th ia Region (Eggenberger. quoted by Lapin i ,  
1 988 ) .  

U p  to now i t  was  thought tha t  both  northern and 
western l imi t s  o f  t h is l izard's range were the Carnie 
A l ps ( Forn i  Avoltr i ,  Udine, NE I ta ly)  ( Lapin i  and 
Dolce, 1 983 ) .  I n  this note we report t h ree new loca l i ty  
records o f  L.  horvathi which ex tend the k nown range of  
t h is species t o  souther n  F .R .  Germany . Fig. I shows 
the  approx imate locat ions of the s i tes i n  which 

specimens of L. horvathi were encount ered and 
col lected. These specimens were given to the Natura l  
History Museum (Zoological Sect ion) o f  t h e  University 
of  Florence. and are now preserved i n  the 
Herpetological Collect ion of th is  I nst i tute .  I n  the 
local i t i es I and 2 (numbers refer to Fig. ! ) , which are 
sited 5km E ofMittenwald, were collected four (2 males, 
2 fema les) a nd two ( I  female .  I juven i le )  specimens 
respect ively. In the loca l i ty 3 ,  which is sited 6km SE of 
Vorderriss ,  was col lected only an adult fema le .  In a l l  
these sites L .  horvathi apparent ly docs not coexist with 
any other lacert id l i zard.  The specimens captured were 
encountered on ly  on the rock slopes lacking i n  
vegetat ion of t h e  northern s ide o f  t h e  Karwendel 
Moun ta ins ( Karwendelgebi rge ) ,  at an a l t i tude of about 
800m a . s . l . ,  c lose to  the border between F .R .  Germany 
and A ustr ia .  Morphometric an  merist ic characters of 
the adult specimens col lected ( reported in Table I ) , 
t ogether wi th colourat ion  features and other 
morphol ogical characters examined, are very s imi lar  
to  those reported by Lap in i  and Dolce ( 1 983 )  for 
I ta l i an  and Jugoslavian specimens. 
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Fig. I :  I ,  2, 3 :  Local ity records of Lacer/a horvathi m 
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Head length 
Head width 
Head depth 
Body length 
Ta i l  length 
Foreleg length 
H i nd l imb length 
Dorsal scales i n  
a series a t  m id body 

c?' 

1 2 .6 
8.6 
5.0 

39.8 
42.6( b )  
1 7 .3  
27.0 
44 

ci" 

1 1 .9 
7 . 1 
4 .0  

35 .4  
87 .2( i )  
1 6.4 
26.3 
43 

� i 

1 3 . 0  1 1 . 7  
8 . 1 7 . 1 
4 . 9  4 . 0  

46. 3  38 . 1  

86 . 2( r )  84.7( i )  
1 8 . 1 1 5 .0  
28 .8  23 .5  
42 44 

i 

1 0 .4 
6 .5  
4 .0 

32 .0 
74.  l ( i )  
1 4 .2  
2 1 .4 
47 

1 0 .9 
7.6 
3.7 

44.0 
57 .2 (b)  
1 6. 3  
24.5 
45 

T A B L E  I :  M orphometric and merist ic characters of 2 males and 4 females of L. horvathi from the s tudy area. M easu rements are 
i n  m m .  (b) = broken ta i l :  ( i )  = in tact ta i l :  (r) = regenerated ta i l .  

Our observat ions estab l i sh that L. horva1hi has a far 
more widespread occurrence in the  A lps than i s  
i nd ica ted by the ex i s t ing d i s t ri but ion accounts  on the  
species (Lap in i  and Dolce, 1 983;  B ischoff, 1 984; 
Gr i l l i t sch  and Tiedemann ,  1 986).  Lacerta horvathi is a 
new species t o  the F . R .  Germany fauna ,  and the new 
l oca l i t ies discovered i n  th i s  country extend the known 
species range from NE I t a l y  approximate ly l OOkm to 
north and l ! O km  to wes t .  Si nce L. horvathi occurs on 
the  nort hern s ide of  the  Karwendel Mounta ins ,  we can 
i n fer  t ha t  the s pecies is a lso p resent i n  western Austr ia , 
o.n the  southern s ide of th i s. Massif, and ,  possibly ,  i n  
o the r  a lpine loca l i t ies of Austr ia and southern F .R .  
Germany. 
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BOOK R E V I EWS: 

(I) Turtles of 1he  World. Carl H .  Ernst  and Roger W. 
Barbour.  Smi thsonian I ns t i tut ion.  3 1 3  pp .  ( 1 989) .  
US$45.00. 

Turtles of The World. which describes the Test udi nes. 
inc ludes what are also known as tortoises. I t  is possibly 
he lpfu l  i n  the case of the last that the t iming of the  
book's publ icat ion,  as a complementary vol ume.  
should have been 1 989 I i ke  the I UCN Species Survival 
Commission's Occasional Paper No. 5 .  The co11serva1io11 
biology of TOrtoiscs ( t imed to coincide with the F i rst 
World Congress of Herpetology. 1 1 - 1 9  September 
1 989) ,  which includes a virtual ly complete bibl iography 
of  t orto ise l i terat ure .  Ernst and Barbour's work .  
m oreover, a l so covers a l l  of t he  freshwater and  mar ine 
tu rt les ,  effect ively an t ic ipat ing the intent ion of  
J UCN/SSC to cover t hese species also. After a useful 
general i ntroduct ion to  the order Testud ines which 
gives the termino logy for describing the she. "  scutes 
and bones, the cran ium and head scalat 1on .  the 
au thors cover the species making up the fami l ies from 
Pelomedusidae to Testudin idae, each of wh ich also has 
an i n t roductory sect ion .  Each genus then fol lows and a 
descr ipt ion of the species mak ing them up is t reated 
under the headings: recogn i t ion .  d is tr ibut ion , habi tat  
and natura l  h istory. A key is included for identifica t ion 
of  species when more than one makes up  the genus .  A 
black and whi te photograph i l l ustrates most species 1 f  
not  o therwise i nc luded with those depicted in s ix teen 
exce l lent colour plates . For such a comprehensive 
work, i t  is not surpris ing that a number of papers a re 
not  referred to i n  the b ib l iography, which apart from 
some species covered by American authors and 
pub l icat ions, and the European journal .  A111phibia­

Rep1ilia, does not seem to be more up-to-date than 
about  1 986. This is understandable. however, s ince 
there is  inevi tably a lag period before art icles on 
Chelonia publ ished i n  more esoteric journals get 
widely c i rcu la ted .  For the genus Tes1udo. with which 
the  reviewer has had most experience, Loveridge and 
Wil l iams ( 1 957)  appears to have been the main 
reference source for T. graeca and T. k/ei11111anni, and

. A rno ld Burton and Oven den ( 1 978) for T. her111a11111 

and  T. 1�10rr;ina1a. I personal ly feel that it would have 
been helpf�i l  if each of the species sect ions could have 
i nc luded the au thors' pr ime reference sources ( i f

.
any ) .  

Th is  wou ld  not  h ave been too onerous wi th a 
comprehensive b ib l iography given in any case. 

The above comments a re a descr ipt ion rather than a 
cr i t ic i sm for th is  is a va l uable review, undoubtedly 
usefu l  as' a reference source and a t  the equivalent of 
approximately £28 makes a fine contr ibut ion to 
che lonian l i t eratu re. It is splendidly produced and 
would make a durable addit ion for the enthusiast's 
bookshelf. 

R EF E R E N C E S  

Arnold .  E.  N. ,  Bu rton. J .  A.  and Ovenden. D. W. ( 1 978) .  
A field guide 10 1he rep1iles and amphibians of Briwin and 
£;1ro{le. London: Col l ins .  

L overidge. A.  a n d  W i l l i a m s .  E. E.  ( 1 957 ) .  Revis ion o f  t he 
;\ frica n t or t oises a ncl t u rt lcs o f t  he suborder Cryptodi  ra . 
811/le1i11 of 1he i\ 111w•11111 of Co111{/nm1iPe Zoolog r 01  
1-farrarrl College. 1 1 5 ,  1 6:1-557.  

M. R .  K . Lambert 

( 2 )  The Isle of Sea Li::.ards. Angus Bel la i rs .  299pp .  
Durre l l  I nst i tute of Conservat ion and Ecology . 
Univers i ty of Kent at Canterbury. ( 1 989) .  Paperback .  
£6 i nc luding p & p. from the author.  7 Champion 
Grove.  London. SES 8BN .  

Th  i s  work e a  n be considered at two levels : a s  a 
fi c t iona l  yarn and as an insight into the biography. 
mind and d reams of one of our most l i k ed and 
respected herpetologists. The ch ief character. Adrian 
Barnard .  is Angus Bel la irs h imself wi th his love of 
na ture ( i nc lud ing beaut i fu l  women ) .  h i s  t olerance, his 
admi rat ion for the mi l i tary virtues and his l ibera l views 
of E ngl i sh l i fe .  He has h is  hatreds. too, of cruel an ima l  
exper iments .  of commercial ism i n  educat ion and,  most 
of  a l l ,  of turning bio logy into 'ce l ls ,  nerves and 
chemicals ' .  'Zoology is about an ima ls' he says .  I ndeed , 
there a re Professors of Zoology who appear to know 
noth ing about an imals ,  their d i fferences and relat ion­
sh ips .  It has gone too far: soon we must return to 
proper respect for the zoologist and botan ist who 
know what they are ta lk ing about. I f  the day comes 
when all we need is a ON A sequence and a computer to 
put a plant o r  an ima l  i n  i ts  exact place on the fami ly  
t ree ,  we sha l l  a l l  t he  more want Angus and h is  l i k e  for 
the i r  ab i l i ty  to write so clearl y  i n  conveying to us a l l  the 
beau ty  and divers i ty of the forms we may st i l l  have 
wi th us .  How many remain depends on  conservat ion 
efforts .  wh ich Angus s trongly supports. 

Angus has a vivid turn of phrase ,  as when he 
describes the defea ted Malaysian commun ist gueri l las 
as ' re ta in ing l ike decapitated wasps a hopeless, deadly 
st i ngi ng renex' .  J n  the story, Adrian is commissioned 
to  go with an at tract ive aggressive female US cent ipede 
expert to search a remote Pacific is land for l iv ing 
examples of a mari ne rept i l i an  rel ic  of the Cretaceous 
period. The sequel i ncludes adventure ,  sex and 
violence, though not so nasty as the k i nd favoured by 
many th ri l ler wri ters .  There is humour and ph i losophy 
and plenty of  t ru e  and part ly  t ru e  zoological s tor ies of 
great i n terest to natural ists, as well as campus pol i t ics , 
tales of Shel ley's t ime ,  and of t he Third Re ich .  I t 's a 
strong m i xture and ,  perhaps the  truest test of fic t ion ,  
hard to  put clown.  John Robertson in i l l us trat ing the 
cover has made a ch i ra l  error .  This i s  a n  i n format i ve 
and enjoyable read .  

G .  A .  D .  H aslewood 

(3) Snakes of !he A rabian Gulf and Oman . M ichael 
Gal lagher. ( Pr ivately pr inted:  R .0 .2  post free from 
P .O .  Box  668 M usca t ,  Su l tanate of Oman) .  1 6pp .  
( 1 990). 

N ine  of the 2 1  species of land snakes found  i n  eastern 
Arab ia are dangerous, but some of these have on ly a 
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l im ited distr ibut ion. Thus, the black desert cobra 
( Walterinnesis aegyptia )  is not found in the south or 
south east  of the Arabian peninsula ;  one species of 
saw-scaled viper (Echis co/oratus) occurs on ly  near 
water and in  mountainous regions from Musandam to 
central Oman;  the  horned viper ( Cerastes cerastes) is 
restricted to sandy habitats ;  while the false horned 
v iper (Pseudocerastes persicus) is confined to h igh 
mountains. The n ine sea snakes described are also 
dangerous, but  on ly the yel low-be l l ied sea snake 
( Pe/amis platurus) is widely dispersed .  The others are 
restricted to the  warm sha l low parts of the Arabian 
Gulf and the Gulf  of Oman. 

Sect ions of the pamphlet under review that are 
concerned with dangerously poisonous snakes are 
marked red or orange, those devoted to mi ld ly toxic 
back-fanged colubrid species - the hooded malpolon 
(Ma/po/on moilensis), the  sand snake (Psammophis 
schokari) and the  cat snake ( Te/escopus dhara) - are 
ye l low, white t hose related to harmless species (among 
which is  inc luded the amph isbaenid Diplometopon 
zarudnvi) are green .  Major Gal lagher's at tractive 
book let includes exce l lent colour photographs of most 
of the  species described . and contains detai ls of the i r  
d is tribut ion,  characterist ics and size so that  readers 
can ident i fy the  common species with reasonable 
confidence. There i s  a usefu l  index ,  and the back cover 
gives he lpful instruct ions about the prevent ion of 
snakebite and first aid treatment if  required . This 
consists of reassuring the vict im,  restrain ing movement, 
and cleaning the wound.  I f  a doctor or hospi ta l  cannot 
be reached wi t h i n  30 m inu tes ,  a ffected l imbs should be 
bandaged and immobi l ised but the wound should not  
be cut  or sucked, nor should a tourniquet be appl ied or 
aspir in or spir i ts  given .  A n ti-venoms should only be 
administered by a doctor. 

J .  L. Cloudsley-Thompson 

( 4) Reptile Egg-Shells SEM A t/as. H.  Hermann Schleich 
and Werner Kiist le .  Gustav Fisher Verlag, Stu ttgart 
and New York ,  1 23pp.  ( 1 988) .  $44.50. 

One major l i e  which schoolchi ldren  and biology 
freshmen are told by the ir  teachers and textbooks,  
concerns the rept i le  egg:  This is eulogised as being 
cle idoic, i ts she l l  isola t ing i t  from the environment and 
l i berat ing i t  from the ancestral dependence on water. 
Wh i l e  this is  probably true in a h istorica l  sense, the 
everyday facts differ. As herpetologists k now only too 
wel l ,  the vast m ajori ty of l iv ing rept i les lay eggs with 
p l iab le  shel l s ,  which depend on environmental 
moisture for the ir  hea l thy  development .  Sometimes 
eggs imbibe so m uch water during development ,  that  
the i r  fina l  weight becomes several t imes the  in i t i a l  one .  
True,  some species do lay calcareous hard shel led eggs , 
i so lated from environmental  moisture or  drought .  The 
structural ,  chemical and funct ional variat ion of 
eggshe l l s ,  among and with in taxonom ic groups of 
rep t i l es ,  i s  thus  of in teres t .  This spec ia l i sed branch of 
herpetology is  the subject of  Schle ich 's  and Kastle's 
monograph .  

· 

This  monograph is an  at las of 45 plates,  most ly each 
comprising eight scann ing e lectron microscope (SEM) 
photographs .  P ic tured are various v iews of the  

eggshel ls of 70 recent species of  repti les and also of  
some fossi l ones .  Both the major merits and some of 
the demerits of th is  work spri ng from its monographic 
nature (only some of the latter wi l l  be l isted here). 

Perhaps the greatest merit of the book is that i t  is so 
permeated by the love of the authors for their subject 
mat ter. Even readers without personal experience of 
the - logistic, techn ical and intel lectua l  activit ies 
necessary for the creat ion of such a report, wil l  
perceive the efforts, resourcefu lness and st ick-to­
i t ' i ness that had been required for assembl ing. 
processing and presenting the  materia l .  I ndeed , in the 
case of the turtles a lone. the best studied group 
concerning eggshe l l s ,  the authors have doubled the 
avai lable informat ion :  Previously. eggshel l  structure 
as seen by SEM had been reported for 1 7  species 
( Ewert, 1 985 ;  Packard ,  Thompson. Goldie and Voss, 
1 988 ) .  Schleich and Kiis t le .  too, bring data on 1 7  
species, only three of which had been stud ied before. 
Presumably the ir  proport iona l  contribution to the 
knowledge of squamate eggs is even greater. 

The worst weaknesses of the book <1re those that run 
aga i nst the gra in  of the educator and a l ienate the 
beginner. That a personal monograph on some 
specia l ised herpetological offshoot can nevertheless be 
tota l l y  educat ional  and self-explanatory , has been 
demonstrated (among others )  by Wever ( 1 978) .  The 
present book is a lmost the polar opposite. 

The 45 plates are accompanied by specific 
explanatory pages, and are preceded by some 20 
in t roductory pages surveying the l i terature and 
reviewing the pri nci ples and variat ion of the  structure 
and funct ion of rept i le  eggshe l l s .  The concept of 
funct ion is invoked repeated ly  but is appl ied to neither 
the effect of egg shape (cont inua l ly  mentioned) on the 
shel l 's mechanical strengt h (briefly reviewed in 
Werner, 1 972) ,  nor the re lat ion of egg shape to 
material body shape. 

Moreover. despi te the i n terest in  funct ion,  nei ther 
the dynamics of the product ion of the she l l ,  nor the 
dynamics of its erosion from with in due to calcium 
exp lo i tat ion by the embryo (in some species) are 
properly t reated. Worse, a l though the authors briefl y  
ment ion t h e  latter issue, of  t h e  70  recent species 
presented, i n  5 5  cases it i s  unknown, whether the 
eggshe l ls depicted were from the beginn ing,  middle or 
end of the i ncubat ion period . On ly  in  1 5  species is  the 
stage defi ned, unfortunately a lways as ' hatched' .  In no 
s ingle case are comparat ive pictures avai lable from the 
beginn ing and end of the incubat ion period . A related 
om iss ion concerns the crocodi les: a l though four  of 
these are inc luded . t here is no ment ion of the suspected 
m icrobial degradation of the eggshel l  during incubation 
( Ferguson ,  1 98 1 ,  1 985 ) .  Thus the quest for i nterspecific 
var ia t ion in she l l  s tructure is l arge ly undermined by 
the  disregard of temporal i n t raspecific variation. 

The reader's efforts to compare between species on 
the  basis of the S E M  pictures a re further defeated by 
two petty editorial faul ts :  the various she l l  views (outer 
surface. inner surface, complete section  ('edge') ,  
part ia l  en largements) are not u niformly presented in 
the same order;  and magnifications a re total ly 
i nconsisten,t across species. Each photograph properly 
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i ncl udes a bar sca le :  but inexpl icab lv  the or ig ina l  
magn ificat ions .  from which the pho iographs �1·c1-c 
va riously reduced. are a lso l isted. Anot her odd i tv :  the  
X-ra y  p ic tures of foss i l  eggs (p l .  42)  arc rcv�rscd . 
presented black-on-whi te .  as if rad iouraphs were 
photographic  negat ives . 

-

_
Terms and concepts arc sprung on the reader 

wi thout .  or before. being explained: thus fibcrs i n  the 
eggshe l l  are ment ioned in sect ions 1 . 2 . 1 . 1  ;rnd 1 . 2 . 1 . 2 
bu t  on ly  in 1 . 2 . 1 . 3 are they revealed as consist i ng  of  
p rot e in ( i f  fi bers and  fibri l s  arc svnonvms) :  what k i nd  
of  protein i s  not  disclosed. Or the  ' su l;surface !aver· in 
3 . 2 . 2  which remains mysterious . umerous �lc ta i ls 
remain unclear :  What should the reader do with the 
codes accompanying species names in  3 . 2 . 1 '! v\las  
fi xat ion actual ly effected 1 11 rormaldehvclc uas 
(sect ion 5 . 1 )'l Was a s ingle fr;1g111 rn t  o f' Cl;c/0110�/is 
clepha111op11.1· egg rca l l v donated bv t 11·0 sources ( p .  34 )'' 

Taxonomy and nomenclature arc inconsistent :  The 
authors reta i ned the comprehensive genus l.accrra for 
the readers' convenience. but spl i t  

-
Tes111do without 

te l l i ng the reader that Chc/011oidi.1· uscd to  bclonu here .  
The pro posed system of pseudoscicnt ific species � iamcs 
for un ident ifiab le foss i l  shel ls is s implv deplorab le .  

The l i terature review is  refreshing in that .  devia t i ng  
from lamentable common practice .i t covers sources i� 
s i x  languages . I t  indeed enriched the text wi th va rious 
i n terest ing bits of information. Some of the omiss ions 
are natura l  and condonable .  Thus the s tatement that  
'sand-glu ing gecko egg-shel ls have on lv  been 
observed in . . .  Ta!'f11fola" ( 1 . 2 . 1 . 3 )  undcrsta

.
nclab lv  

ignores the i r  deta i led descri ption in  Pach rdacr r/11�1· 
/aeviga111s ( Werner. 1 977) .  Other omiss ions <{re w� rsc : 
On  eublephar ine eggs ( 1 . 2 . 1 . 3 )  it would have been 
usefu l  to quote Werner ( 1 972) :  for ' the usual gold stai n 
method' (3 . 1 /4 )  it would have been k ind to- refer the  
reader to any source .  But worse is the paucity of  
reference to the  s im i l a r  work of others. part icu larl v  
when they had  exam ined the  same species: Carello had 
been stud ied a l so bv Packard .  Packard and Boa rdman 
( 1 982): Tffrapcnc c;ro!i11a and Chc/011oidis clcpha111op11s 
had been a l so reported resp .. by Erben and by H i rsch 
in papers actua l ly  quoted but without proper comment 
i n  the  text .  One wonders whether the papers of Ewert 
( 1 98 5 )  and of  Packard and Hirsch ( 1 986)  rea l lv  came 
too la te for inc lusion . 

. 

The l i s t ing of L i tera t ur e  is less pedantic than could 
have been expected . Diacrit ical marks. correct for 
Span ish . are m i sleadingly absent from Turk ish .  For de 
Rooij no volume number is g iven. for Kopec no t i t le  is 
g iven ,  and in Stemmler i ta l i cs are not i ndicated. The 
text of the boo k .  too. conta ins numerous  l inguist ic and 
edi toria l  b lemishes. wh ich requ i re no d iscussion here. 

This is a typ ical book definable as a 'must' for 
i ns t i tu t iona l  l i b raries catering to rept i le-minded or 
embryology-m inded scient ists .  Others. however. wou ld 
be better advised to await  the  authors ' next output .  
which they ind icate i s  being prepared . 

R E F E R E NCES 

Ewert . M .  A .  ( 1 98 5 ) .  Embrvologv of t ur t l e s .  I n  Bio/o r; r  of the 
Rcprilia. 1·0/. 14. Dc1·cl;pml'�;, A.  Gans. C.. B i l lett � F : and 

J\ l a dnsnn. P. r. A. ( Ed s . ) .  N e w  Y o r k :  .J o h n  W i k "  ; 1 n d  
. n n s .  p p .  5-267.  

. 

f -ng u so n .  1\ 1 .  \V . . I . ( 1 9X I ) . E x t r i n s i c  111 i c ro b i a l  d e t! ra d a t i n n  
nt' t he ;i l l i ga t o r  eggshe l l .  Sci1•11c1'. N. Y . . 2 1 -t ll :15- l l .1 7 .  

Fng u s o n .  1\ 1 .  \V . . I .  ( 1 98 5 ) .  R e p rod uct i w  b i o l ogv ; 1 n d  
e m br\'olngv of t ilt' crncnd i l i a n s .  I n  !?io/og r of the 
Nc111ilia. I 'l l!. / ./. /)c1 ·clo11111C'I// .· I .  G a n s .  C . .  1 3 i l l c t l .  r. 
a nd M ;1ckrso n .  P.  F .  1\ . ( E d s . ) .  N e w  Y o r k :  . J o h n  W i k v  
a n d  Sons.  p p  . . 129--19 1 .  

· 

Pa d a r d .  M . . 1 .  a n d  1 l i rsc h .  K .  r. ( 1 9X(1 ) .  Sc;i n n i n t!  elect ron 
lll i C ro S( n py o r  eggsht• J l s  o r  co n t e lll p o r ; 1 r v

-
re p t i l e s .  

S'rn1111i11g Ucc1rn11 .\ licmsc . .t. I 5X 1 - 1 590. 

Pacbrd. M . . 1 . . Pa c k a rd .  G. C. and l3nard11 1 ; 1 n .  T . . I .  ( 1 9X 2 ) .  

S t ru c t u r e  n f  eggs h L· l l s  ; 1 n d  \\';I l e r  r.: l ; 1 t i n n s  nr  re p t i l i a n  
eggs. lfrr11c10/11girn . . � !! .  1 .\6- 1 5 5 .  

P;1 c k a rd .  M . . 1 . . Tlw m p s o n .  M. 1 3  . .  G n l d i e .  K.  N .  a n d \Ins. M .  
( I  9RX) .  J\ spect s o r  she I I rn r11 1a t i o n  i n  L't!t!S n r  t h e  Tua t ; 1 r a .  
Sphc1111r/1111 /!lt1u·1r111,,- . .lo11m11! of �\ f11rph11!11g I ' .  1 9 7 .  

1 -1 7- 1 5 7.  
. 

\ V n n e r .  Y .  I. .  ( 1 97 2 ) .  Observa t i o n s  l l n  L'ggs or <: l l h k p h a r i d  
h 1 ; 1 r d s .  ll ' i t h  COll l l l lL" n t s  l ) n  t h <: C V O ! l l t i o n  o r  t h <: 
G d k o n n i d e;1 . 7.1111/ogisc/1 1 ·  t \ fcrlcrlcli11�c11 . .t7. 2 1 1 -224.  
I p l .  

. 

\Vernn. Y. I . .  ( 1 9 7 7 ) .  Ecnlogica I cnm 111 e 1 1 1 s  on some t!Ck k o n i d  
l i za rd s  o r  t h e  N : 1 111 i b  De:scr t .  S o u t h  Wes t J\ l'r i c a .  
1 \ ladoq11a. 1 0 . I 5 7- 1 69.  

Wever. E .  G .  ( 1 97 X ) .  The Rc1>1ilc !:'or. !1s S1mc111rr· 1111d 
F1111c1irm. Princc t o n .  N . .  1 .  a n d G 1 1 i l d fo r d .  U K :  P r i n c c t o n  
U n i ve rs i t y  Pres s .  

Ychudah L. Werner 

(5) /-la11dlmch dcr Pa/iiohc1pc10/ogic. Tei/ 1 7  BI / .  
Thcriodonria I .  Denise S igogneau-Russel l .  1 27 pp .  
Gustav Fischer Yerlag. S tu t tga rt and New York . 
( 1 989) .  About £55 .60 (OM 1 58 ) .  paper. 

This i s  another volume or  the mul t i-vol ume work 
i n i t ia ted by Proressor Oskar Kuhn and which intends 
to eventua l ly  document al l  taxa or fossi l  amphib ians 
and rept i les .  This  book appears to iden t i ca l ly  fo l low 
t he format or  the other volumes and i t i s  wri t ten in 
Engl i sh .  

Th i s  work fo l lows the concept tha t  the mammal-l i ke  
rep t i les (synapsicl s )  consist or  two orders, Pelycosa uria 
and Theraps ida . The theraps icls arc broken  clown in to 
two suborders. the carnivorous theriodonts and the 
herbivorous anamoclonts .  The authors contr ibut ion 
Thcriodo111ia I .  deals only wi th the fou r  'pr im i t ive : 
1 11 fraorders of th i s  suborder ( Ph th inosuch ia ,  
B iarmosuch ia .  Eot itanosuchia and Gorgonops ia ) .  

These are marvel lous beasts ,  w i th  low, l ong sku l l s  
w i th  a massive fac ia l  region formed by huge max i l lary 
bones. They a lso have a pa i r  of very l ong can ine-l i k e  
teeth that broadly over lap t h e  clentar ies .  The 
postcranial skeleton is  somewhat dog- l ike .  These 
1 11fraorders are known only from the late Permian  of 
the USA. the USSR and South Africa. 

The book is  wel l-writ ten and wel l  i l l us t ra ted .  I t  i s  a 
techn ical work tha t  w i l l  be of greatest i n terest to t hose 
who study Permian  vertebrates and/or mammal- l ike  
rept i l e s .  I t  w i l l  be of general i nterest to persons i n  other 
areas of vertebrate palaeonto logy. My class i n  
vertebr�te  palaeontology espec ia l ly  l iked the 
t l l u st ra t 1ons or the sku l l s  of the  var ious groups. 
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Neotherpetologists' wi l l  be del ighted to know about 
such an interest ing group of ancient carnivorous 
repti les and that there a re people a round that write 
t horough accounts about t hem , and that argue about 
their phylogenetic relat ionships .  

Each infraorder comprises a separate sect ion of the 
volume. Each of these sect ions is subdivided into 
osteological and systemat ic accounts .  The accounts 
are well i l l ust rated with c lear drawings. The systematic 
accounts appear to deal adequately with the data tha t  
are p resent ly  avai lable .  

Following the sections on the infraorders is a sect ion 
on phylogenet ic re lat ionships .  This section wi l l  be 
understood by the non-special ist only if that person 
carefu l ly  s tudies the previous sections. There are some 
points of general i nterest in  th is section such as the 
s ta tement that some of these an imals  were ' . . .  h igh ly  
aggressive carn ivorous repti les ,  rela t ive ly act ive and 
capable of a mammal ian runn ing ga i t ' .  

F ina l ly ,  there is a section on geological and 
geographic d is tr ibut ion tha t  i ndicates the spat ia l  and 
t emporal distr ibut ion of these taxa i n  the USA, the 
USSR and South Africa . 

J .  Alan Holman 

(6)  Contributions to  the  hisrory of herpero/ogy. Craig 
Adler ,  J. D. App legart h and R. A lt ig .  202 pp. Society 
for Study of A mphibians and Repti les .  ( 1 989) .  $20. 

This book comprises the biograph ies of 1 52 leading 
herpetologists, together with their pictures and 
s ignatures, starting with Gesner four  centuries ago and 
ending with those who died in 1 985  and 1 987 .  There is 
a l so an index to 2 ,500 writers on . taxonomic 
herpetology and a l ist of  what a re described as 
Academic Li neages . of Doctora l  Degrees in  Her­
petology, i.e showing how the department head's 
special i t ies may rouse sim i l a r  i nterests in members of 
h is s taff. The whole work was produced to 
commemorate the  First  World Congress of Her­
petology, held in Canterbury during September 1 989,  
copies being given to· a l l  those who at tended the  
congress. 

Not being a taxonomist ,  I had l i t t le interest in  the  
i ndex of authors, bu t  I found tha t  the  a-:ademic 
l ineages gave an entrancing view of the  way i n  which 
one expert 's work in  herpetology could lead to a 
spreading in terest tha t  encompassed other places of 
research. 

Bu t  I became part icular ly engrossed in the 
b iographies of  t hose herpetologists who a re past and 
gone. One reads papers or books by many authors, but  
how seldom does one know much about the great men 
themselves and the ir  h is tories - unless one had had 
the  good fortune to know them persona l l y .  In some 
cases one wonders why did X sudden l y  stop writ ing 
whi le  apparent ly  at  the peak of his  powers. Craig 
A d ler's biograph ies g ive a view not only of these 

herpeto logists that  he names, but a lso of their 
col leagues and the context of the ir  work . Even those 
whom one knew may appear in some new l ight . 
Among Brit ish herpetologists one learns more of 
Gray, who first described the tua tera as well as 
developing the herpetologica l side of the Brit ish 
M useum: Be l l ,  who apart from his publ ications on 
B ri t i sh and foreign species was in the chair  at  the 
L innean Society when Darwi n and Wal lace read their 
h is toric papers on  natura l  selection : Annandale of the 
I ndian Museum and his fie ldwork throughout Asia : 
Cha rles Pi tman and his fie ldwork in Africa: H .  W.  
Parker of  the Br i t i sh  Museum :  Arthur Loveridge of 
African fame: and Malco lm Smit h .  founder of the  
Br i t i sh  Herpeto logical Soc iety .  Did you know that  
amongst  a l l  h is herpetologica l work he even briefly 
held the post of Curator of Repti les at  the London 
Zoo? 

Th is vol ume is  fu l l  of scraps and larger morsels of 
information and detai l  relat ing to the herpetologist's 
world, fascinat ing in themselves but seldom found 
elsewhere.  If  they a ren' t  carefu l .  readers a re l iable to 
become addicted . 

Deryk Frazer 

(7) Tirn Old Croes. Sreneosaurus. Merriorh vnchus and 
Relarives. Michael A. Taylor ,  John G. Mart in and 
Arthu r  R .  I . Cru ickshank .  1 6  pp.  Leicester Museums 
Publ icat ion No. 1 05 .  ( 1 990) .  75p (£ 1 .  incl uding post 
and packing, from 96 New Wa lk ,  Le icester LE l 6TD). 

Fossi l crocodi les from Peterborough are on display 
in  'The Dinosaur' exh ibit ion a t  Leicestersh i re Museum 
and A rt Gal lery. The at tract ive book let under review 
was designed by Angela Pope: i t  t races the 
evo lu t ionary descent of crocodi l ians from Orrhosuchus. 
one of the earl iest protosuch ians,  through A lligarorel/us 
- an agile h unter of mice and insects - the much 
l a rger Prstichampsus and the marine, fish-l ike ,  
Geosaurus to Phobosuchus, the  largest crocodile ever 
and some I Sm long.  The two genera from the Oxford 
c lay of Peterborough a re described and i l l us trated in 
greater deta i l ,  and speculations made as to their 
colourat ion i n  l i fe .  

Despi te the  l a rge number of authors and smal l  
number of pages, the  bookle t  is  written extraordinari ly 
badly,  whi le some sentences are ambiguous and 
m isleading. For example, 'And some crocodi les 
carried on doing what the crocodi les are superbly good 
a t :  a mbushing hun ters l iv ing between land and water, 
l i ke  the modern N i l e  crocodi le and a l l igator' .  (p .4) ,  or 
' Ichthyosaurs p lesiosaurs ,  crocodi les, fi sh ,  ammonites, 
belemnites, squidl i ke an imals ,  and shel lfish l i ke 
oysters . .  .' (p .6 ) .  A brief l i s t  is given of B ri t ish 
museums i n  which fossi l  crocodiles a re displayed, and 
fou r  references are l isted. 

J. L. Cloudsley-Thompson 
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1 1 . 25  offpr ints are provided free of charge. Further 
copies (m in imum of twenty-five) may be pur­
chased provided that they are ordered at the  t ime  
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1 2. A l l  submiss ions are l iable to assessment by an  
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on  the recommendation of t h is commit tee. 
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work . 
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