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A BSTR A CT 

Vi perin e  water snakes were studied by mark-recapture in a smal l  river i n  Eastern Spain from 1 98 1  to 1 983 ,  a 
period of drough t .  Observed growth rates between captures were low and highly variable.  Growth rings were 
counted in s k u l l  bones; narrow rings cou ld  not be found ,  and the  observed rings were probably from periods of 
faster growth or normal growth before t h e  drought .  The r ings predict t hat males and females reached maturity i n  
the ir  t h ird a n d  fifth years, respect ively.  T h e  effect of drought was greater o n  growth t h a n  o n  reprodu ct ion .  
M ovements of snak es captured several t imes at long in tervals suggest t hat the  home ranges of mature  males and 
fem ales were I 70m and 250m of  river, respectively, a l t hough some i ndividuals moved I km between years. A review 
of  pu blished data showed t hat widely foraging grass and garter snak es have greater displacements between captures 
than  t he more sedentary water snakes .  

There were est imated t o  be 1 060 and 390 adul t  males and fem ales in  t he main s tudy area,  which was a 2km lengt h 
of r iver which incl uded most of the  permanent unpol lu ted water i n  the  river system.  A n n ual survival of adult snakes 
remaining within the  study area was estimated as 0 . 53  ± 0. 1 6  and  0. 7 1  ± 0.25 i n  males and females,  respectively. A 
s i mple model of the  dynamics of t h is populat ion was developed from resul ts  on survival ,  recru i tment ,  growth and 
fecundi ty ,  as a hypothesis for further s tudy .  The model suggested that :  I )  There was dispersal of  adu l t  males but not 
adult  females - this was supported by the  populat ion s ize s t ru cture  i n  peripheral areas where mature females were 
scarce and which were probably stocked by dispersa l .  2) The n um ber of adult  males and females was stable or 
i ncreasing, and juvenile survival of about 0 .65 year- I would be n ecessary for total population stabi l i ty .  

INTROD UCTI ON 

The dynamics of snake populat ions have proved 
difficul t  to s tudy, as t hese animals are difficult  to fin d  
o r  catch ( especially juveniles),  t hey h ave slow growth 
wi thout  ex ternal indicators of age, and often show long 

seasonal  movements .  A fter surveying the  ava i lable 
data (which suggested tha t  those populations which 
had been s tudied were u nable t o  mainta in  themselves ) ,  
Turner ( 1 977) concluded 'one is left wi th  dist inct 
reservations as to the  sui tabi l i ty  of  snake populations 
for t his sort of  ecological endeavour' .  A ft er t he 
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extensive studies of the  1 950s and 1 960s (Carpenter, 
1 952; Tinkle,  1 957;  Fitch, 1 960, I 963 , 1 965, 1 975;  
Vi i tanen,  1 967; P restt , 1 97 l )  the  popularity of large 
scale marking efforts has declined .  S ince then,  
populat ion studies have concentrated on snakes which 
gather at h ibernacu la (Parker, 1 976; G regory, 1 977) 
where large numbers can be captured i n  a short t ime. 

Dur ing a study of the  physiological ecology of the 
viperine water snake Natrix maura, a large number of 
individuals were marked and released. This paper 
presents information on t h eir growth,  movements and 
numbers, and a model of t h e  dynamics of the  
population as  a hypoth esis for further study. This 
work is  continu ing in · cooperat ion with Spanish  
herpetologists and in parallel with further physiological 
studies .  I n  th is way long-term data on one snake 
populat ion can accumulate as a by-product of other 
work; we agree with Turner that pure snake 
populat ion studies are uneconomical i n  t erms of  the 
data obtained per unit research t ime.  

S ITE DES C R I PTION 

Natrix maura were studied i n  the river Ja Ion, eastern 
Spain (39°N ,  0°E) between A ugust 1 98 1  and August 
1 98 3 .  A m ap of t h e  river bed i s  shown in Fig. l ;  H ai ley 
( 1 984) gives a more detai led map i nclud i ng topography, 
neighbouring river systems, and the est im ated 
catchment a rea. The river is 40k m l ong  i n  tota l ,  with a 
catchment area a bove Ja lon vi l lage o f  l 3 5 k m2• M ost 
parts of the river were invest igated,  and t he only 
permanent fresh water was fou n d  near the vi l lages of 
A lcalal i  and J alon;  elsewhere t h e  r iver was a dry rocky 
barran co .  There was a treated s ewage out let and an 
area of pollu ted water below each vil lage along the 
nver. 

0°IO'W 
38°S01N_J 

I 

..,,-..... ..... ',,,.,--:.,.J.,,,,, ---..--....:. 

0°00' 
_l_ 

Fig. l The river Ja lon ,  based on t h e  M apa M i l i taria 1 96 1 .  
R iver, ---- Barranco. The only permanent  clean 

fresh water found du ring the st udy was i n  the area of A l cala l i  
and Jalon.  

The s tudy area was a 2km length of river at  Ja lon ,  
from C- F i n  Fig. 2. A detai led map of th i s  area ( H ailey, 
1 984) was produced with compass and meas ur ing l ine,  
enabl ing captu res to be located to  the  n earest ! Orn . 
This area was permanent ly wet,  but  the  river was 
reduced to  a series of pools when the connect ing  
st ream dr ied  up in  sum mer. There was n o  water  for 
several km above A lcalali  or below L l iber. 

The stream meandered across  the river bed, which 
was an area Sc50m ( in  most places l 0-20m) wide and 
abou t 3 m  below the level of the surround ing terraced 
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Fig. 2 The study area between A l calal i  and Jalon - t h e  
edges of these v i l lages a r e  s hown a s  shaded areas. The out l ine  
o f  the  r iver bed is  shown, together  wi th  the  cou rse of the 
stream and positions of pools. • H ouse, --- Road,  • Sewage 
out let ,  oRock pile w here j u ven i les were com mon.  Thin bars 
across the  r iver are weirs ,  t h i ck bars are bridges. The inset 
shows the sect ions of r iver in s it u .  

farmland ( most ly c i trus groves and vegetable plots) .  
Some parts oft  he river bed were damp and muddy wit h 
Juncus reeds and grass, and other parts were dry and 
stony with oleander bushes .  M ost  of the  river bed was 
was flanked wi th  dense bands of bamboo. Two herds 
of about l 00 sheep and goats used the area in  dry 
weath er, passing  up and down t h e  river on the way to 
other pasture, feeding on the way. 

The s tudy took  place during a period of drought , 
which lasted from l 979 to 1 983 i n  A ! icante and 
Valencia provi n ces.  The river flowed t hree t imes 
during the  study; water levels rose in a few hours due to 
the large catchm ent area of bare h i ll s ,  and fel l  in  a few 
days. The est imated area of water in  the  region C-F 
varied during the study between about 0.2 t o  0.8 ha ,  
mean 0 .3  ha ;  flow rates measu red with markers i n  the  
cu rrent were between 0 and 0 . 1 m 3. s - 1 •  A rea and flow 
increased to about 4 ha and l 5m 3 . s- 1 when the river 
flowed. 

The s t ream bed was stony, with few water weeds 
apart from algal  mats .  There were a few l arge beds of 
bulrushes, otherwise cover was provided by the 
marginal bamboo and rocks and stone walls. The 
ava ilabi l i ty of prey has already been described (Ha iley 
and Davies, l 986a), part icularly the  drying pools with 
trapped fish which were a feature of the drought .  
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M ETHODS 

Snakes were captured by hand a ft er s earching 
systematical ly a long the  stream and over the river bed. 
A t  night t hey were located w i t h  a torch,  retained 
overn ight in clot h bags for handl i ng, and rel eased the 
next  day at the place of capture.  Each snake was 
weighed wi th  a Pesola scale and measu red against steel 
tape rule.  A l l  lengt hs are snout-vent lengths ,  SVL.  

l n most cases sex was determined from the 
appearance of the ta i l ,  wh ich is long and has a swell i ng 
at the  base in males .  This was often unclear in smal l  
sna kes and those in poor condi t ion,  and t h ese were 
probed wi th  a grass stem or a rou n d-ended nylon 
bris t l e  to determ ine  t he presence of hemipenes 
(Schaefer, 1 934) .  A n  attempt to use p las t ic  mesh tunnel 
t raps fa i led; a l though snakes were captured in th is 
way,  t he t raps and fences were soon d is turbed by s heep 
and moved or destroyed. 

Snakes were marked by cl ipping the ventral scales, 
and they were also recogn ised by natura l  m ark ings 
( Ha i ley and Davies ,  1 985) .  Some snakes were removed 
for s tud ies of metabol i sm and reproduct ion  (Ha iley 
and Davies, 1 986b, l 987a respectively) .  These were 
most ly from outs ide the study area; smal l  snakes from 
A lcalal i  ( Fig. 2, A-B)  and adult  females fro m  pools 1 -3 
( Fig .  2, B-C) .  The heads of these snakes were analysed 
for growth rings. 

1 460 ind iv iduals  were marked in the area C-F from 
A ugust 1 98 1  to Au gust 1 983,  1 4 1 3  of t h ese d uring the 
main sampl ing sessions.  A bout 400 more were 
captu red in the area B-C from June  to A ugust 1 983 ,  
on ly  one of wh ich ( a n  adult  male) was original ly 
marked in  the area C-F; most of these snakes were 
marked and released, but are not included in the  
populat ion analys is .  S i m ila rly, about 300 have been 
capt u red at  A lcalal i  (A-B)  at various t imes,  but no 
marked snakes have been found or released t h ere.  I n  
to ta l  the  1 860 snak es mark ed in  the  area B-F were 
captured 24 1 0  t imes, many of the recaptu res being at 
short interva ls .  

G R OWTH R I NGS  
H eads were bo i led  in  water  ( somet i m es i n  the  field) 

for several hours to soften t he flesh, then the 
ectopterygoid bones were removed, cleaned of muscle, 
and a ir-dr ied.  These were cleared in glycerol for 0 to  J 6 
hours,  in proport ion to t h e  s ize of the  bone, and 
exami ned under 40 x magn ificat ion ( Bryuzgi n ,  1 939;  
Petter-R ousseau x ,  1 953) .  Mandible bones were treated 
s i m i lar ly ,  but proved to have less clear r ings and were 
not used. 

G R OWTH 
Observed groll·th 

R ES U LTS 

Only data from captures separated by at least J OO 
days of act ive season (a l lowing for a 1 20 day 
h ibernation period for recaptures in  different years) 
have been used. E rrors in measurement of S V L  make 
short t erm growth  difficult  to  s tudy in snakes which 
grow s lowly .  O bserved growth rates were highly 
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Fig. 3 Observed growth rates of Natrix maura between 
capt u res a t  intervals of > J OO days. a) fem ales, b) males. 
Equat ions ( l and 2) i n  the text .  

variable (Fig. 3) ,  reflect ing the h igh variabil ity in  
feeding opportun i t i es i n  t ime  and space i n  the d ry ing 
river (Ha iley and Davies ,  I 986a). Only about 5 per cent 
of t h is variabi l i ty could be expla ined by the size of the 
snake,  although the regressions of growth rate (mm 
SVL.  day- 1 )  on  in i t ia l  S V L  (cm) were significant , and 
are used as summari es of s ize-specific growth: 
Females :  Growth rate = 0. 1 04 - 0.00 1 72 SVL ( I )  

( n  = 1 09, r = -0.23,  P<0.05) 
Males :  G rowth rate = 0 .057 - 00 1 34 SVL (2) 

(n = 87,  r = -0. 2 1 ,  P<0.05) 
As the observed growth rates were so variable, no 

at tempt has been m ade to fit the da ta  to m ore complex 
growth formulae (Fuk ada, 1 96 1 ;  A ndrews, 1 982). 
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Fig.  4 N u m ber of growth r ings in the ectopt erygoid of 
N. maura a) femal es ,  b) males. Source of specimens: 
• A lcala l i  ( Fig. 2, A-B) ;  o pools l -3, area B-C. Equations (3 
and 4) in t he text . 

Gro11·1h rings 

Narrow nngs which wou l d  be expected to 
accompany s low gro wt h  were se ldom seen . I t  i s  
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therefore thought that  m o s t  rings were produced 
during periods of fast er growth,  or remained from 
normal growth preceding t he drought .  The relationship 
between the num ber of growth r ings and SVL (cm) is 
shown in Fig. 4, described by the  equat ions :  
Females: G rowth rings = 0 . 29 1 SVL - 3.3  (3)  

(n = 1 1 9 ,  r = 0 .8 1 ,  P<0.0 1 )  
M ales : Growth rings = 0. 342 SVL - 5.0  (4) 

(n = 1 05 ,  r = 0 .73 ,  P<0.0 1 )  
l f  i t  is assumed t hat the  nu m ber of growth rings 

equals  the  age in years,  t hen equat ions 3 a n d  4 can be 
rearranged t o  show size vs age: 
Females: SVL = 3 .44 Age + 1 1 . 3  (5)  
Males :  SVL = 2 .92 Age + 1 4. 6  (6) 
These equat ions pred ict growth rates of 3 . 4  and 2. 9cm. 
year- 1  and hatchl ing SVL of about 1 1 . 5 and 1 4. 5cm in 
females and males ,  respect ively . 
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Fig. 5 Seasonal abundance of N. maura of different s izes 
( including recaptures), with inferred growth curve for the 
fi rs t  ful l  year fit ted by eye. a )  M al es,  t r u ncated a t  30cm, 
b) fema les,  t runcated at 40cm. 

Growth of juveniles 

N o  data are available o n  observed growth of 
juven i les as none were recaptured, and  few heads were 
available to s tudy growth r ings of s m a l l  s nakes .  
G rowth of juveni le  snak es m ay also be est i m at ed from 
the seasonal abundance of individual  size ( Fi tch,  1 96 1 ;  
Saint  G irons, 1 965) .  The smallest snakes found ,  of 
both sexes, had SVL of I 2- l 4cm ( Fig. 5) ,  s im i lar to the  
size of hatchlings (Davies ,  unpublished) .  Fig .  5 shows 
suggested growth during the fi rst fu l l  year from 1 3  to 
20cm. 

S n akes of 1 2- 1 4cm were com monly found under 
p i l es of rocks i n  early spring a t  two l ocat ions (Fig. 2), 
from where they d ispersed, and s l ight ly l arger snakes 
were found in many places later i n  the  year. No 
juveniles were found u nder these rocks, or anywhere 
else, in autumn, and the activit ies between hatching 
(probably in September, fro m  eggs la id  in Ju ly  -

Hai ley and Davies, 1 98 7a)  and the first h ibernation 
are unknown.  The l ack of growth unti l  the  fol lowing 
spring suggests that  they do not  feed much,  and they 
may remain near the  nest .  

MOVEM ENT 

M ovements of marked snakes between captures are 
of interest in two respects ,  considered over di fferent 
t ime scales . l )  Short term movements (<30 days 
between captures) show t h e  sca le  of exploration and 
foraging during rout ine dai ly  activity.  2) Long term 
d isplacements (captures in d ifferent years) show the 
overall extent of the area used,  or home range. Only 
mat u re snakes are considered, as o thers were seldom 
recaptured. G-tests have been used to  compare 
frequency histograms of displacements of males and 
females in different seasons ( Fig. 6) .  

Short term m ovements of both sexes were greater in 
spring (M arch to  May ,  Fig.  6b), when t he stream 
connected the pools,  than i n  the  dry period (June  to  
October, Fig. 6a)  when the  poo ls were isolated and 
movements would h ave to  be over dry land (P<Q.0 1 for 
each sex). I t  is t herefore not possible to separate ease of 
movement from searching for mates as causes of 
increased m ovement in spring. There was no difference 
between the sexes in short term movements in either 
period (P>O. I ) . 

Long t erm displacements (Fig.  6c) were greater in 
females (mode 80-320m) t han males (mode 20-80m), 
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Fig. 6 Dist ance between captu res of adu l t  N. maura, ma les 
above, fem ales below. a)  Short t erm movements in sum mer, 
b) sh ort term, spring, c) long term. Note the logari thmic  
distance scales; means and sample  s izes in  Ta ble I .  
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Short term, sum mer 

Short term, spring 

Long term 

Between successive captures* 

Between first and last captures * *  

M in imum h o m e  range lengt h * *  

Males 

23 ( 1 32) 

68 (32) 

1 1 3 (54) 

66 ( 800, 66) 

I 00 ( 300, 1 4) 

1 70 (800, 1 4) 

Females 

9 ( 1 8) 

76 (27) 

204 (48) 

1 1 0 (950, 40) 

1 80 ( 620, 1 0) 

250 (950, I 0) 

TA B L E  I :  M ovements of adult N. maura; m ean displacements along the river, i n  m. Upper; total  data,  t h e  variation of which is  
shown in Fig. 6 (with number of movements) .  Lower:  snakes with four or more captures at in tervals of>30 days (with maximum, 
number of movements* or individuals * *) .  

P<0.00 I .  These movements were al l  i n  one dimension,  
up or down the river, giving a l inear home range. Few 
snakes were found in  the  river bed away from water, 
and these were usually between pools where t h ere was 
no conneting stream.  The l ength of the home range is 
est imated from snakes with fou r  or  more captures at 
in tervals of >30 days. This was on average 1 70m in 
males and 250m in females (Table l ) .  The greater 
long-term movements and home ranges in females 
reflect the  female> male size d imorphism i n  N. maura 
(Hai ley and Davies, l 987a).  

PO PULATION STRUCTU R E  
The sex ratio and size distribut ion o f  males and 

females varied between d ifferent parts of the river 
( Fig. 7 and Table 2). I n  the area C-E s l ight ly more 
males t han fem ales were captured. The sex ratio of 
adults was more heavily male-biased as t h ey reach 
maturity at a smal ler size (about 24 and 37cm i n  males 
and females, respect ively; Hai ley and Davies ,  I 987a) .  
Th is area he ld  t h e  high est density of snakes and 
t heir prey, but  snak es were a lso fou n d  in  o th er p laces 
t hought to be peripheral areas. 

Jn the pol luted area at Ja lon (E-F) t here were fewer 
smal l  or l arge snakes ( Fig. 7b ) ,  most being i n  the range 
25-35cm, i . e .  adul t  males and subadult  females.  The 
overal l  sex ratio was even, but the  adult  sex ratio was 
heavily male-biased (Table 2) .  A similar pattern was 
found at Alcalal i  (A-B),  though t here were more aduli 
females ( Fig. 7c). 

A rea All individuals 

M a l es 
Males Females Females p 

C-E 

E-F 

A-B 

672 593 I .  I <0.05 

72 76 0.95 >0.05 

85 I 1 9  0. 7 1  <0. 025 

(a) 
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Fig. 7 Size frequency histograms of N. maura, females 
above, males below; recaptures excl u ded. a) Central study 
area, Fig. 2 part C-E, b) pol luted area at J alon , E-F, 
c) A l ca la l i ,  A-B. Sample sizes in  Table 2. - - - - S ize at 
maturity .  

POPULATION SIZE A N D  TURNOVER 

The num ber of snakes i n  the  area C-F was esti m ated 
using Bai ley's triple catch method ( B egon, 1 979) on 
three main sampling sess ions:  A ugust-September 
1 98 1 ,  A pril-May and September-October 1 982, J une­
A u gust 1 983 .  A lt hough the  September-October 1 982  
sample  was l arge, i t  was from a restricted area due to 
an extremely low water level at that t ime and lack of 
snakes elsewhere. I t  was therefore u nsu itable for use 
separately, and was pooled with the  spring l 982 
sample. ·;; 

The results for mature males and fem al es are shown 
in Table 3. A l arge proportion of the est imated 

A dults  

M ales 
M ales Females Females p 

567 250 2.3 <0. 00 1 

64 9 7. 1 <0. 00 1 

72 23 3. 1 <0. 00 1 

TAB L E  2: Sex rat ios of individuals  fo und in d ifferent parts of the  river. The number of d i fferent m al es a n d  fem ales, t h e  rat io of 
m ales per fem ale, and t he probabi l i ty (:X. 2 test ) t hat the  true ratio is 1 . 0, are shown for al l  snakes and for adul ts on ly. 
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M ales Females 

Sample n u m bers captured: released 

1 9 8 1  1 29 : 1 28 53 : 53 

1 982 327 : 309 1 73 : 1 66 

1 983  240 : 238 74 : 65 

Last  previous capture n u m ber 

1 98 1 - 1 982  20 1 6  

I 98 1 - 1 983 6 3 

1 982- 1 983 38  22  

Estimate (with SE) 

Population size I 982 1 060 (360) 390 ( 1 40) 

Survival 1 98 1 - 1 982 0. 53 (0. 1 6) 0. 7 1  (0 .25)  

Recruit ment 1 982- 1 983 0.52 0.42 

TA BLE 3 :  M ark-recapture data and population est imates for adult N. maura i n  the area C-F. Sample numbers in  1 982 and 1 983  
include those recaptured from previous years. 

population were handled, 60 per cent of I 060 males 
and 66 per cent of 390 females .  The sex ratio of adults is 
2 .  7 males per female from the  populat ion estimates. 
The data also allow est imates of  survival and 
recruitment of adults between samples (Table 3) .  

POPU LATION D ENSITY 

The density of animals which are found along rivers 
is not a s imple concept (Turner, 1 977) ,  and  cannot be 
reduced to a single value. Two densit i tes are 
considered, of value in different contexts, depending 
on the defi n ition of the area occu pied . 

Ecological density 

This is concerned with the n u mber of animals in the  
area where they are  active (Odum ,  1 959), and should  
be used when considering rates o f  contact w i th  prey, 
predators and conspecifics. In N. maura, all foraging 
occurred in or close to the water, and  mating and 
basking snakes were a lmost always w ith in  2m of the 
water, often overhangi ng it (H ailey and Davies ,  I 986a, 
1 987a,b). The ecological density i s  therefore based on 
t h e  area of surface water, 0 . 3  h a ,  i . e .  about 4800 adults 
ha- I .  

Crude density 
This covers the area used at a l l  t i m es of the  year, and 

any pockets of u nused habitat (Odum ,  1 959) ,  i . e . the  
area which would  have  to be protected to conserve the  
popu lat ion undamaged . I n  N. maura th i s  includes 
daily refuges in the  river bed and rock piles and walls 
a bove the river bed used for n est ing and h ibernation 
(Hailey and Davies, 1 987a,b).  I t  is based on the 
area of the river bed plus a band Sm wide on each 
s ide i ncluding stone walls of t h e  l owest terrace of 
farmland,  a total of 6 ha, i . e .  about  240 adul ts  ha- 1 .  
N. maura were not fou nd i n  the  surrounding farm land, 
e i t her by us or by the farmers, who readily 
d ist inguished them fro m  the com monly seen 'culebra 
bastarda' (Ma/po/on monspessulanus). 

D ISCUSSION 

G ROWTH A N D  A G E  AT MATUR ITY 

The results from J alon are compared with t h ose for 
N. maura in central France, based on the seasonal 
distribution of length ,  gonad histology and growth in 
enclosures (Dugu y  and Saint G irons , 1 966). Their  
results h ave been converted fro m  total length t o  SVL 
using the equations of  H ailey and Davies ( I  987a), 
and are summarised in Fig. 8.  H i stology revealed that 
males underwent the first ,  abortive, spermatogen es is 
at two years o ld ,  and were mature at t hree. D u  guy and 
Saint  G irons had less data for females ,  but suggested 
t hat they were mature at four .  

4 0  

� 30 30 

.J 
> 20 2 0  VI 

la )  
1 0  10  0 5 10 15  0 5 10 

Age (years ) 
Fig. 8 G rowth curves of N. maura, a) females, b) ma les. 
OBS)  Observed growt h above 20cm,  equat ions  I and 2, 
M A X )  m a x i m u m  observed, ra tes of 0 .2  and 0 I . m m.day· 1 in 
fema les and males ,  respect i vely,  R l NGS)  from growth r ings, 
equat ions  5 and 6, F R A NCE)  from Du guy and Sa in t  G irons 
( 1 966) s tudy of N. maura i n  France. ---- s ize and age at 
maturi ty .  

The size of hatchl i ngs in France, 1 3cm,  is  s imilar to 
t hat of the  smal lest snakes found at J alon,  where they 
were first seen in spring. G rowth to 20cm after the first 
full year is suggested by t h e  seasonal distribut ion of 
SVL (Fig.  5 ) .  Observed growth above 20cm in 1 98 1 -
1 983 was slow (Figs.  3 and 8) ,  presumably  the  result of 
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drought and low food supply.  Snakes wi th  two growth 
rings had SVL of about 25cm (Fig. 4 ) ,  and i t  is t hought 
t h at both sexes normally grow to 2Scm after two years. 
These snakes were from A lcalal i ,  where worms were 
abundant near the polluted area even during the  
drought - these are  a common food of s mal l  snakes 
(Hai ley and Davies,  1 986a).  

The growth  ring data (equations 5 and 6) suggest 
constant growth of SVL above 25cm, at rates of 2 .9  
and 3. 4cm. vear- 1 in males and females, respect ively . 
The maxim

,
u m  observed growth ratesi were about 0. 1 

and 0 .2mm. day- 1 in males and females ( Fig .  3) ,  or 2 . 5  
and 5 .0cm.year- 1 over an active season of 245  qays .  
These rates are shown as growth curves in Fig. 8 - t hey 
are sl ightly lower t han those found in France. It is 
concluded t hat : l )  The drought severely reduced 
growth,  particu larly above 20cm, and that  in  normal 
years;  2) M ales reach adult  s ize at two years old ( in  the  
autumn) and  breed the fol lowing spring in t heir th ird 
year as in France; 3 )  Females reach adult size and first 
breed in t heir fifth year. 

POPULATION DYNAM I CS 

The dynamics oft  he populat ion are now explored t o  
calcu late the  juvenile survival rate n eeded for stabil i ty 
and make predictions for further study.  The results 
suggest t hat the adult female populat ion was 
increasing at the proport ional  rate er = I . 1 3  per year 
(survival 0. 7 1  + recru itment 0.42, Table 3).  This 
seemed un l i kely during a drought and so,  as it is not 
apparent which is an overestimate, bot h s u rvival and 
recru i t ment have been divided by l . 1 3 , to give 0.63 and 
0.37 respectively and a stable populat ion ( i . e .  e '  = I  .0) .  
This  gives an annual tu rnover of0.37 x 390 = 145 adult 
females .  A similar adjustment for males (ef  = 1 .05)  
gives bot h s urvival and recru itment values of O .SO. 

M ean fecundity was 7 . 1 viable eggs per adult female 
per year (Hai ley and Davies, 1 987a),  or 2770 eggs 
for the whole population, half of the eggs arc assumed 
to  be female.  I n  the five years to  maturity this number 
must be reduced by a fact or ofO. I 05 for recruitment of 
1 4S adults .  This is equivalent to constant survival at 
t h e  rate 0 . 1 OS 1 15 = 0.64 year- 1 over th is  period, i . e .  
s imi lar to that of adult females.  

Survival of i mmature males and females s hould be 
si milar;  what is the effect ofa surv ival rate of immature 
males of0.65 year- 1 on the male popu lat ion dynamics? 
This would  give annual recru itment of 380  t hree year 
o lds ,  0 .36 of t h e  adult populat ion .  The d ifference 
between th i s  value and recru i tment  calculated by 
mark-recapture,  0 .50-0. 36 = 0. 1 4, could be due to 
immigrat ion .  I n  t hat case there should be a s i mi lar loss 
i n  emigrat ion,  and the survival rate with i n  the  study 
area from mark - recapture (0.50) plus t h is 
emigration would give a total  s urvival rate of adult 
males of 0 .64 year- 1 •  

Three conclusions can be drawn from th is  
discussion:  
1 )  The adult  male and adult  female populat ions were 
stable or increasingly s l ightly .  
2)  There was d ispersal of  adult  males but  not  of adu l t  
fem ales.  

3 )  Total survival (including emigrants) of a dults was 
about 0.65 year- 1 for both sexes, and immature snakes 
would have to survive at the  same rate for t he 
population as a whole t o  be stable. 

The second conclusion is a predict ion from t he 
model,  and is supported by the  population structure 
data .  D is persal of adult  males (and of subadult males 
and fem al es, immigration balancing e migrat ion) ,  but  
not  of adul t  fem al es or juveniles, would produce the  
population structure fou n d  in  peripheral areas 
(Fig. 7b,c) .  In the near a bsence of adult females, t hese 
areas must be stocked by d ispersal .  

COM P A R I SONS W ITH OTH E R  SNAKES 

Comparison with previous population s tudies of 
snakes suggests two areas for particular study at J alon. 
1 )  Growth and age at m aturity o f  females in normal 
condi t ions.  The five years suggeste d  h ere seems rather 
long for a small  colubrid - fem ales of most smal l  
snakes are mature at 2-4 years (Turner, 1 977) .  
2) Survival of juveni les .  Most studies h ave suggested 
t ha t  survival of juveni le  snakes is very low (Turner, 
1 977),  althou gh numerical values have rarely been 
obtained, and low probabil ity of recapture may also 
reflect t he difficulty of finding them. 

n = 3 5 
- I  ( a )  

1 0  
x = 0,4 9 "' 3 Ha 

x Snake s 
I 

Ill 5 �- !DQ.\JLQ -� I u 
QI 
0.. 
en 

-
0 

- I 
.... 'X =  1 , 7 1 "'- 50 Ha x (b) 
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Fig. 9 Frequency distribut ion of reported crude population 
densi t ies of  a)  snakes and b) l izards. Data from Table I X  and 
Fig. I of Turner ( 1 977).  Note the logar i thmic density scale. 
The position of the N. maura crude density of  adults  is s hown 
in  (a) .  

Density 

The crude density can be compared to those 
reviewed by Turner ( 1 977), which had a geometric 
mean of about 3 H a- 1 ,  an  o rder of m agnitude l ower 
than  for l izards - Fig. 9. The high value in N. maura is  
not surpris ing in  view of the  r ich food supply normally 
associated with water. 

The very high ecological density shows a h igh 
potential  for contacts  wit h  conspecifics around the 
water. Natrix maura d id not seem t o  have complex 
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social or reproduct ive behaviour; courtship,  aggression 
or t erritorial i ty were never seen,  and mat ing accounted 
for only about 0 .3  per cent of a l l  s ightings. Snakes 
usually seemed to ignore each other, t hough on two 
occasions they were seen competing for food, by 
s imultaneous i ngest ion.  H ai ley and Davies ( 1 987a) 
calculated that fem ales mated several t imes per year by 
observing sperm in cloaca! flu id  - t his .would be 
interest ing to compare in a less dense popu lat ion.  

Survival 

There are not suffic ient  da ta  on snake survival  to 
a l low firm conclusions to be drawn, but the 1 4  
populat ions reviewed by Turner ( 1 977) are suggest ive. 
Survival of t hese ranged from 0.25 to 0 .86 year- 1 ,  mean 
0 .6 1 .  Smal l  colu brids ( Carphophis, Diadophis, 
Heterodon. Rhabdophis. Thamnophis) had relat ively 
low survival (0.25-0.63,  mean 0.43), large colubrids 
(Co/uber. Elaphe. Masticophis) were intermediate 
(0.40-0.86, mean 0.67) and viperids had h ighest values 
(0. 70-0.82,  mean 0. 75) .  The survival of adult N. maura 
is t hus greater than t hat  of other smal l  colubrids. This, 
together with the h igh populat ion density, is probably 
due to the scarcity of predators (see Conservation 
below). 

E rFECTS OF DROUGHT 
The adult  populat ion as a uni t  w as resistant to 

drought, poss ibly even increas ing. Female repro­
duction was also l i t t le  affect ed, assuming that  females 
have a fixed number of fol l i cles devel oping each year 
according to body s ize; on average only I 8 per cent of 
these foll icles were atretic  (Ha i ley and Davies ,  1 987a).  
In contrast growt h was very slow ( Fig. 8),  and most 
adults did not grow at a l l .  

Widely foraging 

A nnual differences in reproduct ion within popu­
lations, correlated to food supply, have been shown i n  
a number of  repti les (Bal l inger, 1 977;  Swingland, 1 977; 
A ndren and N i lsson, 1 983;  Seigel and Fitch, 1 985) .  
A nnual variat ion in  growth  h as been shown in long­
l ived repti les (Peabody, 1 958 ;  Stu bbs and Swingland, 
1 985). A mong female rept i les,  only snakes and 
crocodiles show substantial  growt h after maturity 
(Hailey and Davies, 1 987a),  suitable to show clear 
trade-offs between growth and reproduct ion with 
different food supply.  This study shows that growth is 
reduced before reprodu ction in adult female N. maura; 
i t  is suggested that they grow only after their 
reproductive capacity for the year has been completed. 

MOVEM ENT 

Table 4 summarises data on the  movements of non­
m igratory natricine snakes;  those which migrate to 
h ibern acula may move much further, for example 
l I km in Thamnophis sir ta/is in  Canada (Gregory and 
Stewart, I 975). 

The widely foraging grass and garter snak�s· move 
further t h an the more sedentary water snakes, both 
between successive dai ly radio fixes and between 
captures at  longer int ervals. This correlates with the 
activity metabolism of these ecological types, act ive 
natricines having a great er capacity for sustained 
aerobic activity (H ailey and Davies, 1 986 c). 

Home ranges show no pattern,  as expected as these 
should be related to the amount  of food avai lable 
within an area ( M ace, Harvey and Clutton-Brock , 
1 983) rather than to the  dist ance moved during 
foraging within that area.  All  of these natricines a re 
found in product ive m arsh or riparian habitats. 

Si t-and-wait  

(a) Dista nce between captures (m) 

Thamnophis sirtalis 

Thamnophis butleri 

Thamnophis butleri 

Thamnophis sirta/is 

Thamnophis sirtalis 

Natrix natrix 

Thamnophis sirtalis 

Natrix 1101rix 

Thamnophis sin a/is 
Thamnophis sirtalis 

Thamnophis bu1/eri 

300 ( 1 )  

I 1 5  (2) 

72  (3) 

62 (3) 

58 (2) 

Natrix maura* 

(b)  Dai ly displacements of radio-t racked sna kes (m) 

30 (5) 

JO ( 6) 

Nerodia sipedon 

(c) Home range (ha)  

12  (5)  Nerodia spp 

I 1 ( 1 )  Na1rix maura* * 
0. 8 (2) Nerodia sipedon 
0.3 (2) 

44 (4) 

4 (6) 

5. 7 (5)  

0. 6 (4)  

0.5 (7) 

TA B L E  4:  S t udies of movement i n  na t ric ine sna kes according to  foraging mode. A s imple (un weighted) mean is used where data 
were original ly divi ded by sex or season .  References: 1 )  Fitch ( I  965);  2) Carpenter ( 1 952);  3) Freem a n  and Cat J ing ( 1 978); 4) t h is  
study; 5) M adsen ( 1 984); 6) Fitch and S h i rer ( 1 97 1 ) ;  7) Fraker ( 1 970). 

* S hort term. as other data are for successive captures. 

* * Assumed to  be 30m wide. corresponding to  t h e  area used for the crude popu la t ion dens i ty .  
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CoNSFR VATION 

The study popu lat ion is clearly large, dense,  and of 
ecological interest - is it l i kely to survive? M any 
snakes were k i l l ed by people, part icularly large females 
which were t hough to be poisonous - 32 of these were 
found decapitated or battered on paths close to  t he 
st ream or in the  water.  H owever, t h is is probably not a 
new occurrence, and the populat ion seems able to  
withstand it . The  high density is  indeed l i kely to  be  due 
to  human interference, on predators of snakes .  There 
were very few predatory birds or mammals in the  river, 
and no terrap ins (one Pseudemys ( ! )  was found at 
Ja lon ,  but several st uffed Mauremys were seen on sale 
at nearby coastal resorts). 

The main threat is  furt her urbanisat ion of the Ja Ion 
vailey and increasing pol lut ion,  eventual ly  k i l l i ng the 
fish in the river. These are probably necessary prey for 
l arge N. maura, although smal l  snakes comm o n ly take 
worms which are com mon in pol luted areas (H ailey 
and Davies ,  1 986 a) .  This has probably a lready 
happened at Gata  (Fig . l )  and other places in A l icante 
and Valencia provinces, which are vulnerable because 
o f  low normal rainfal l .  
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A REVI EW O F  G E OGRA PH I CAL VARIATI O N  I N  GERRHOSA URUS MAJOR 
D UM ER I L  (SAURIA : CORDYLIDAE) 

D O N A L D  G .  B R O A D L EY 

Nm11r11/ / -li.1 101T M11sP11111 u( Zi111bah11·P, P. 0. Box 240. B11/111 1 'a.1 ·0. Zi111bah11·P. 

(A capwl 3 1. I 0. R6) 

A BSTRA CT 

Examina t ion of most  o f t  h e  ava i lab le  m a t erial  of Gcrrhosaurus major i nd icates t ha t  on ly  t wo geograp h i cal  ra ces 
shou ld  be recogn ised,  t h e  t y p i ca l  form ( w i t h  gran dis Bou l enger as a synonym) in eastern A fr ica and G. m. bo11egoi 
Del Prat o (wi t h  zechi Torn i er as a synonym) ranging from nort hern Somal ia  west t o  G hana .  

Jn  the  l a s t  revis ion o f  t h e  genus ,  Loveridge ( 1 942) recogn ised fou r  races, bu t  d id not  rea l i se t hat  t he  name bo1 1 egoi 
was app l i cab le  to t h e  dark form which  he called zechi. The range of variat ion in t h e  typica l  form inc ludes all t h e  
m aterial  t hat Loveridge ass i gn ed t o  bollegoi a n d  gran dis. 

I NTR OD UCTI ON 

When the  genus  Gerrhosaurus was las t  reviewed by 
L overidge ( 1 942) m o s t  of t he ava i lab le  m at er i al of 
G. m ajor was fro m  Eas t  A fr ica ,  and h e  ass igned i t  to  
t h ree races based on co lour  p a t t ern, us ing  the  
fo llowing k ey :  

' 7 .  H ead above, bu ff, e a c h  s c a l e  s p ot t ed w i t h  black . .  8 

H ead a bove, un iform buff or fu lvous brown . . .  9 

8. A bove head,  body and t a i l  a lmost b lack ,  each sca l e  
w i th  a s m a l l  buff s p o t  o r  s t reak  arranged t o  form 
i nt errup t ed l ines o n  back and s ides; be l ly s t reaked 
w i t h  dus k y ;  range Be lg ian Congo and Togo 

• • • • • • • • • • . • • . • • • • • • • • • . • . • • • • • • . 111. zechi 

A bove, h ead and body buff, each scale (except t hose 
forming  an  i l l -defined,  buff, dorsolat eral l i ne)  
heavi ly s treaked wi th  b lack or dark brown i n  
regu lar  l ines o n  b a c k  and s ides w i t h  a t endency t o  


