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Movement and Catchability of the Hellbender, 
Cryptobranch us alleganiensis 

1635 Lee Street, Springfield, Missouri 65803, U S A  

A B S T R A C T . - B ~ ~ W ~ ~ ~5 September and 7 November 1985,21 samples were made for hellbenders in a 100 
m section of the Niangua River, Missouri. Fifty-one adult males and 59 adult females were marked. Mean 
number of recaptures per individual was 3.0 for males and 4.8 for females. Heterogeneity of capture was 
strongly indicated,probably due to the tendency of some individuals to occupy the same cover consistently. 
This resulted in an average minimum estimate by the Jolly-Seber method of 25 males and 27 females on 
the 2600 m2 site. Both immigration and emigration were observed. Five to 11% of hellbenders on the site 
during a three-day interval may have been transients. Mean net movement upstream or downstream of 
21 males and 42 females was not significantly different from 0 miday. 

According to Caughley (1977), mark-re- 
capture models are not particularly robust 
to even small deviations from their as-
sumptions, and the greatest source of error 
is unequal catchability. Further, he stated 
that unequal catchability is more the rule 
than the exception and that it has been 
established for populations of many ver-
tebrates. Thus it is imperative to determine 
if the random sampling assumption has 
been violated so that population estimates 
can be properly interpreted. Pollock (1982) 
described two general types of alternatives 
that may be acting in a population to pro- 
duce unequal catchability: (1) heteroge- 
neity-the probability of capture in any 
sample is an inherent property of the an- 
imal and may vary over the population;
and (2) trap response-learning may result 
in trap-shy or trap-happy animals. 

Mark-recapture models have been used 
in previous studies of hellbenders (Nick- 
erson and Mays, 1973a; Peterson et al., 1983; 
Peterson, 1985) to estimate population size 
where hellbenders were captured by turn- 
ing rocks throughout the study site. Peter- 
son (1985) hypothesized that a problem 
mav exist because some hellbenders seek 
shelter in inaccessible crevices under bed- 
rock or under boulders too large to be 
moved so that thev are less catchable than 
hellbenders that occupy rocks which are 
turnable and easily accessible. It is un-
known whether the same individuals con- 
sistently choose such sites, however. This 

is important to know because the estimate 
of population size would not be affected if 
individuals with a high chance of being
caught in one sample did not necessarily
have a similarly high chance in another. 
Thus heterogeneity might not be a prob-
lem. If there is a correlation between in- 
dividual catchabilities on different days, 
however, then a larger variation in catch- 
ability results in greater bias (Begon, 1979). 

One of the goals of this study was to 
determine whether hellbenders tend to oc- 
cupy the same shelter consistently. Sub- 
sidiary goals were to determine whether 
the population could be considered closed 
even over a few days and whether emi- 
gration and immigration are permanent.
Also, in mark-recapture population stud- 
ies, the position of marked individuals in 
the population after sampling should not 
be different from that which would be ex- 
pected if they had never been caught (Be- 
gon, 1979). Thus I wanted to determine 
what might be the effect on the distribu- 
tion of hellbenders released at a single lo- 
cation on the site as had been done by 
Peterson et al. (1983) and Peterson (1985). 

Another major objective was to obtain a 
measure of dispersal. Although dispersal 
is an essential part of the life cycle of most 
organisms, produces gene flow, and affects 
community composition, it is seldom mea- 
sured in a population study (Krebs, 1985). 
Peterson (1985) hypothesized that emigra- 
tion was an important component in local 
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population composition because Jolly-Se- 
ber estimates of the probability that an in- 
dividual would not die nor emigrate over 
a three-year period in four populations
were much lower than the survivorship 
indicated in life tables of the same popu- 
lations. 

STUDYAREAAND METHODS 
A 100 m section of the Niangua River 

about 1 km north of Bennett Spring State 
Park, Laclede County, Missouri, was divid- 
ed into 5 m sections along the bank. The 
stream is 20-30 m wide, and the area of 
the site was 2600 m2. Large rocks and crev- 
ices in bedrock provided shelter for hell- 
benders, particularly in the downstream 70 
m. The upper 30 m had few large rocks, 
but hellbenders were found in crevices and 
cracks under smooth bedrock and a few 
slabs that had broken away from the bed- 
rock. Except for an occasional boulder,
gravel substrate 10 to 15 m wide along one 
shore did not provide diurnal habitat for 
postlarval hellbenders. The depth was no- 
where more than 1.7 m and mostly less 
than 1 m. 

Hellbenders were captured by hand dur- 
ing the day by turning rocks, reaching into 
crevices, and occasionally breaking bed-
rock by hand or with a crowbar. A swim 
mask was worn to aid visibility. Twenty- 
one samples were made between 5 Septem- 
ber and 7 November 1985. The total length 
(TL) of hellbenders not captured previ- 
ously was measured to the nearest cm and 
mass to the nearest g. They were heat-
branded (Clark, 1971) on the venter with 
a three-digit number. Males were identi-
fied by enlarged cloaca1 glands, females by 
the absence of swelling about the cloaca. 
If captured in the downstream 50 m, the 
newly marked hellbenders were released 
30 m from the downstream border of the 
site. If captured in the upper 50 m, they 
were released 80 m from the downstream 
end. All recaptured animals were replaced 
under the rock or in the crevice where they 
were captured. A few hellbenders had to 
be replaced several times before they again 
accepted the cover. For recaptures, the dis- 
tance upstream along the bank from the 
downstream end of the site was recorded. 

Distances between 5 m marks were esti-
mated to the nearest m. An attempt was 
made to return all rocks to their original 
position, regardless of whether they shel- 
tered a hellbender. 

Segments of 20 m immediately down-
stream of the site and 35 m upstream of 
the site (also divided into 5 m sections)
were checked sporadically for marked an-
imals. Unmarked hellbenders outside the 
100 m study site were branded and re-
turned to their capture rock without any 
initial displacement. 

Net movement of recaptured animals 
(from the initial capture location for ani- 
mals caught outside the study site and from 
the first recapture location for hellbenders 
caught within the site) was calculated by 
addition of distances measured along the 
bank between successive captures. Down- 
stream movements were given a negative 
sign.

On 6 October, all hellbenders caught 
wtihin the 100 m study site (whether
marked previously or not) were simulta-
neously released 50 m upstream from the 
downsteram boundary. The rocks where 
they were captured were marked with 
uniquely painted stones. The intercapture 
distance as measured parallel to the bank, 
disregarding whether upstream or down- 
stream, between 6 and 7 October was used 
to determine whether the distribution of 
animals was affected by the displacement. 
For the salamanders displaced on 6 Octo- 
ber, only the movements before or after 
that date were used in the analysis of net 
movement unless they returned to the 
original location on 7 October. 

On 9 October, each crevice or rock where 
a hellbender was captured was marked with 
a painted rock. During the following 6 
samples, these identified shelters were al- 
ways examined to determine how many 
times a hellbender would use the same 
cover. At the end of the sixth sample (sam- 
ple 20), all hellbenders captured on the 
study site were translocated 1 km upstream 
to begin a homing study, but continued 
flooding after 7 November prevented the 
investigation.

Caughley (1977) stated that if the study 
period is short enough to ensure that nat- 
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ural mortality is minimal, then capture data 
for all sample periods can be used in a test 
of equal catchability or random sampling. 
He also stated that if catchability is con-
stant the distribution of frequencies of cap- 
ture will form a zero-truncated binomial 
distribution that approximates a zero-trun- 
cated Poisson distribution when the num- 
ber of sampling periods is large relative to 
the mean number of times an animal is 
captured. A truncated Poisson distribution 
(Caughley, 1977) was fitted to the observed 
capture frequencies of hellbenders, and the 
fit was tested by a chi-square test to deter- 
mine if capture heterogeneity was indi-
cated. 

The Jolly-Seber method as described by 
Begon (1979) was used to estimate popu- 
lation size (N,), the probability that an in- 
dividual present on day i will be present 
on day i + 1 (P,), and the additions to the 
population between samples (B,). 

RESULTS 
Population Composition and Catchabi1ty.- 

Fifty-one adult males (mean mass = 620 g, 
SE = 24) and 59 adult females (mean mass = 
779 g, SE = 28) were captured on the study 
site: a sex ratio not significantly different 
(x2= 0.446, P > 0.5) from 1:l. Based on TL 
(Taber et al., 1975), no juveniles were ob- 
served. For the 21 samples, the average
percentage of females was 63.5 (SE = 2.8).
An average of 16.2 (SE = 0.9) females and 
9.7 (SE = 1.1) males was caught per sample. 
Males were more numerous only in two 
samples. On 18 September, 49 hellbenders 
were captured, 19 more than in any other 
sample; 28 of them were males. Many were 
not under shelters, unlike all other sam-
ples. On 7 November, 11 of 15 hellbenders 
were males; 9 of the males and 2 females 
were captured by breaking bedrock. Of the 
11 captured under bedrock, 4 were un-
marked, and 3 had not been seen for a 
month. No significant difference (x2= 
10.171, df = 19, P > 0.9) in catchability of 
the sexes was indicated, however, employ- 
ing the test described by Begon (1979). 

In the 20 recapture periods, the average 
percentage of the male sample that had 
previously been marked was 78.4 (SE = 
5.6). Recaptures comprised an average of 

84.7% (SE = 4.2) of the female samples. 
Nineteen males were captured 3 to 17 times 
(14 six or more times); 34 females were 
captured 3 to 19 times (23 six or more times). 
The mean number of recaptures per indi- 
vidual for the 51 males was 3.0 (SE = 0.6);
for the 59 females, it was 4.8 (SE = 0.7).
The capture frequencies for both sexes were 
significantly different (P < 0.005) from that 
based on a zero-truncated Poisson distri- 
bution, strongly indicating that catchabil- 
ity was not constant throughout the pop- 
ulation. 

The number of individuals marked and 
released on the study site on sample 20 (5 
November) and recaptured was zero for 
both sexes because of the translocation of 
hellbenders on that date. Therefore pop- 
ulation size could not be estimated for sam- 
ple 20 (Table 1). Also, the Jolly-Seber mod- 
el does not provide size estimates for the 
first or last sample (7 November). The av- 
erage estimates of P, are for a three-day
period, the average time between samples. 
Thus it is estimated that 5% of the males 
and 7% of the females (1 - P,) emigrated
during a three-day interval. If P, that ex-
ceed 1.0 are truncated, then the estimates 
are 11% for males and 8% for females. 

Movement.-From 16 September to 21 
October, 7 hellbenders were branded be- 
tween 3 and 34 m upstream of the study 
site and 7 between 3 and 20 m downstream 
of the site. Of these 14,2 from downstream 
and 1 from upstream were captured later 
within the study site. Two of the 3 were 
caught subsequently outside the study site, 
so immigration was not necessarily per- 
manent. Of the 107 hellbenders caught ini- 
tially within the study site, 7 animals were 
caught later from 2 to 12 m downstream of 
the study site, and 6 were captured from 1 
to 34 m upstream of the site. One animal 
was caught 10 m downstream from the site 
on the third day of sampling. This was the 
first time sampling was done outside the 
study area, and it demonstrates that the 
population was not closed for even a few 
days. Five of the 13 hellbenders that left 
the site were subsequently recaptured 
within the 100 m study area. 

If the data are normally distributed, then 
for both sexes the 90% confidence limits 
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TABLE1. Estimates of population size (N,), probability that an individual present on sample i will not 
emigrate or die before sample i + 1 (P,), and the additions to the population from sample i to sample i + 1 
(B,) for both sexes of Cryptobranchus alleganiensis. 

N, SEN 
Date M F M F M 

5 Sept. 
7 Sept. 
9 Sept.

11 Sept. 
13 Sept. 
16 Sept. 
18 Sept. 
24 Sept. 
26 Sept. 
1 Oct. 
3 Oct. 
6 Oct. 
7 Oct. 
9 Oct. 

15 Oct. 
21 Oct. 
25 Oct. 
27 Oct. 
2 Nov. 

f 
SE, 

for the mean of net movement per day in- 
clude zero (Table 2 and Fig. 1). A Mann-
Whitney U-test indicated no significant dif- 
ference (t, =0.30,P > 0.5) in net movement 
per day between males and females. No 
significant difference (t, = 1.05, P > 0.2) 
was indicated in net movement per day 
between hellbenders of 38 to 45 cm TL and 
those of 46 to 55 cm TL. The hellbenders 
in the smaller size group would be about 
7 to 13 years old (Taber et al., 1975). The 
mean distance along the bank, disregard- 
ing whether upstream or downstream, be- 
tween successive captures per individual 
varied from 0.0-42.5 m for males and 0.0-
15.5 m for females. Sixty-seven percent of 
the males and 88% of the females had mean 
intercapture distances of less than 10 m. 

Of the 30 hellbenders released in the 
middle of the study site at 1600 h on 6 
October, 10 males and 17 females were re- 
captured the next day. Three males and 7 
females had returned to the same rock 
where they had been captured on 6 Oc- 
tober. The average intercapture distance 
(between transections) for the two days was 
8.8 m (SE 2.8, range 0-40) for the males 

P, SE, B, 
F M F M F 

and 6.8 m (SE 3.1, range 0-51) for the fe- 
males. Eighty percent of the males and 82% 
of the females had an intercapture distance 
of less than 10 m for the two days. No 
significant correlation (r = 0.237, P > 0.2)
was found between distance displaced on 
6 October and the intercapture distance be- 
tween 6 and 7 October. 

On 9 October, 35 individuals were cap- 
tured between 10 m downstream of the 
study site and 35 m upstream. During the 
following six samples through 5 Novem- 
ber, 6 of the 35 were captured six times, 6 
five times, 2 four times, 1 three times, and 
8 once under the same rocks as 9 October. 
Seven were not recaptured under their 
shelter of that date. F'our individuals re-
turned to the marked rock after being ab- 
sent on one or more samples. The others 
were present only on cons~cutive samples. 
One male, because of the uniqueness of 
position of its rock, was known to be shel- 
tered by the same cover on 16 of 17 con- 
secutive samples, and one female was found 
under the largest turnable rock on 11con-
secutive samples. Three other females re- 
captured 9-14 times were never recaptured 
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1 0more than 1 m upstream or downstream of 
their initial recaptures. D O W N S T R E A M  U P S T R E A M  

DISCUSSION 
Population Composition and Catchabi1ity.- 

Hillis and Bellis (1971) found few juveniles 
in their movement study. Peterson (1985) 
also found very few juveniles in two Ozark 
streams, but in a third stream 25% of the 
animals were juveniles. Taber et al. (1975) 
and Peterson et al. (1983) reported that the 
populations they studied were dominated 
by adults, but a considerable number of 
juveniles was captured. The former study 
was of the Niangua population about 10 
km downstream from this study. 

Taber et al. (1975) reported that the sur- 
vivorship of adult female hellbenders was 
higher than that of adult males, which 
might suggest that females were more nu- 
merous in the population. This was sup-
ported by the Niangua male to female sex 
ratio of 1:1.6 reported by Wiggs (1977) with 
a ratio of 1:4 for hellbenders 15+ years of 
age. Wiggs (1976), however, found a 1:l 
ratio, and Nickerson and Mays (1973b) re- 
ported a 1.3:l ratio for the Niangua River. 
The results of this study indicate that the 
determination of sex ratio may depend on 
the timing of samples; one sex may be more 
evident on certain days. According to Smith 
(1912), the sex ratio of hellbenders col- 
lected in northwestern Pennsylvania var-
ied with the time of year and also from 
place to place within the stream. He par- 
ticularly made a distinction between the 
breeding season and nonbreeding season 
and between breeding grounds and local- 
ities unsuitable for breeding. Males were 
in general more numerous on the breeding 
grounds throughout the year and in sole 
occupancy of nests after spawning; they 
were less numerous in areas unsuitable for 
breeding (where there existed swift cur-
rent, only rocks barely large enough to 
serve as cover, or quiet pools). Females in- 
creased in numbers on the breeding
grounds only just before and during the 
breeding season (Smith, 1912). 

It is not surprising that capture hetero- 
geneity was indicated. The tendency for at 
least some hellbenders to occupy the same 
cover for many days, as found in this study, 

M A L E S' N Z 1 l  ' 44-3 -1 -1 0 1 2 3 

N E T  M O V E M E N T  I M I D A Y )  

FIG. 1. Net movement of male and female Cryp-
tobranchus alleganiensis from site of initial capture, or 
from first recapture site for animals experimentally 
displaced. 

would make hellbenders that choose large 
but turnable rocks more likely to be cap- 
tured on many samples than those that hide 
in extensive holes in the bedrock, under 
an immovable boulder, or in deep, swift 
sections of the river. Peterson (1985) did 
not detect a significant deviation from ran- 
dom sampling by Leslie's (1958) test in two 
populations for which there were adequate 
data; however, a significant difference in 
catchability of the sexes and of age classes 
was found in one population. Leslie's (1958) 
test is incapable of distinguishing whether 
such subgroups are equally catchable (Roff, 
1973). Additionally in this study, the em-
igration of some individuals was not per- 
manent, possibly because their area of ac-
tivity overlapped the boundary of the study 
site. This adds to the problem of sampling 
because hellbender habitat is probably 
never discrete nor uniformly distributed. 
Finally, the marking of rocks could have 
enhanced the unequal catchability by mak- 
ing it essentially impossible to miss flip- 
ping certain rocks and thus finding certain 
hellbenders, even though an attempt was 
made to search the entire site on each sam- 
ple.

Population size will be underestimated 
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TABLE2. Movement of male (N = 21) and female (N = 42) Crypfobranchus alleganiensis. All measurements 
parallel to the stream bank; downstream movement indicated by minus sign. 

Sex 

Number of recaptures/individual M 
F 

Days between first and last recaptureslindi- 
vidual 

M 
F 

Net movement/individual (mlday) M 
F 

Distance between maximum upstream and 
downstream captures/individual (m) 

M 
F 

if the equal catchability assumption is vi- 
olated (Begon, 1979). Thus the best that can 
be said for the population size estimates in 
Table 1 is that they may represent a min- 
imum boundary of the number of hellben- 
ders on the site. This is possibly true for 
estimates in previous studies in which I 
have been involved; however, there was 
no attempt to reposition rocks, and inter- 
vals between samples were much longer 
than in this study. It would be useful to 
determine if movement changes over a 
longer period. The standard error values 
must also be viewed cautiously because 
they are correlated with the population es- 
timates (Manly, 1971). Thus, underesti-
mates result in confidence limits that are 
too narrow. 

Estimates of P,, in contrast, will not be 
affected by unequal catchability (Begon, 
1979). Carothers (1979) reported that even 
with a statistically significant indication of 
unequal catchability, the bias in P, esti- 
mates may be lower than that due to sam- 
pling variation and thus of little practical 
significance. Therefore the estimates of P, 
should still be reasonable except for sam-
pling variation (evident in estimates that 
exceed 1.0). As only adults were involved, 
it is very unlikely that the estimates reflect 
any mortality, considering the length of 
the study period and the survivorship of 
adults (Taber et al., 1975; Peterson et al., 
1983; Peterson, 1985). Thus the estimates 
represent the proportion of the population 
not emigrating between samples. It is as- 
sumed that immigration was approximate- 
ly equal to emigration. Estimates of B, sug-

Mean SE Range 

6.8 
7.5 

33 
29 
0.06 

-0.14 
25 
17 

gest that there were very few immigrants 
between samples, except during the third 
week in September, near the height of the 
breeding season in the Niangua River (In- 
gersol, 1982). However, the calculation of 
Bi is directly influenced By N, which is 
probably underestimated. This is why 
standard errors of B, were not tabulated. 

Wiggs (1977) noted 67 movements of 100 
to 3500 m by nondisplaced hellbenders, 
but he reported that there was a 93% prob- 
ability that a recaptured animal would be 
on the site (100 m sites) of initial capture. 
The estimates in this studv of the percent- 
age of the population that were transients 
are similar; however, emigration may have 
been increased merely because of the con- 
tinued disturbance from sampling. Fur- 
ther, emigration was not necessarily per- 
manent. such ~art-time residents of the-site 
mav have resulted in underestimates of P.. 
Moreover, because estimates were for a pe- 
riod including the breeding season, when 
individuals may be most active, the num-
ber of transients may be lower during much 
of the year. This is supported by the 18 
September sample when more hellbenders 
were captured than on any other sample. 
However, rather than being immigrants, 
many of these animals may have been res-
idents that simply had left inaccessible 
hiding places on the site, as suggested by 
the capture of some individuals under bed- 
rock &7 November that had not been seen 
for a month. Both Wiggs (1977) and Peter- 
son (1985) reported finding unmarked 
hellbenders during each sample, even 
though sites were worked many times. 
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Again, it was unknown whether the ani- 
mals were always present or were immi-
grants.

Movement.-Fidelity to a circumscribed 
area has been suggested for hellbenders 
Over a short period in previous movement 
studies. Hillis and Bellis (1971) estimated 
an average home range size of 346 
m2 and a median home range of m2 

based on daytime captures during one 
summer. Only 13 animals were caught more 
than three times, however, with a maxi-
mum of five times. Coatney (1982) esti- 
mated a mean home range size 
of 90 m2 by monitoring nocturnal activity 
with telemetry equipment for two weeks. 
Some hellbenders have also exhibited 
faithfulness to a site for months (Nicker- 
son, 1980) and years (Peterson et al., 1985). 
In this study, a majority of both sexes and 
size groups showed little tendency to move 
systematically upstream or downstream 
and thus exhibited an affinity for a certain 
portion of the stream (Fig. 1). This was also 
indicated in the intercapture distance be- 
tween 6 and 7 October. A third of the an- 
imals displaced returned to the shelters 
where they were captured. Further, the 
percentage of hellbenders with a mean in- 
tercapture distance (for the entire study 
period) of less than 10 m was essentially
the same as the percentage of individuals 
with an intercapture distance of less than 
10 m captured on 6 and 7 October. There- 
fore the distribution of animals was prob- 
ably not much affected in previous studies 
(Peterson et al., 1983; Peterson, 1985) by 
release of salamanders together at one lo- 
cation of the study site, especially as pe-
riods between samples were seldom less 
than two weeks. Wiggs (1977) also found 
that some translocated hellbenders re-
turned to the rocks where captured, one 
after a displacement of 900 m. 

Activity areas could not be estimated be- 
cause only distance along the bank was 
measured. Lateral movement was ob-
served, but the width of suitable diurnal 
habitat was mostly less than 15 m. A few 
individuals were not observed to move up- 
stream or downstream even though cap- 
tured numerous times, but this does not 

mean that they were not active at night.
Coatney (1982) stated that hellbenders tend 
to return to a "home rock" at dawn after 
being active during the night, although 
activity does not occur on all nights. 
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