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Using Mark-Recapture Methods to Estimate Fish Abundance in Small
Mountain Lakes

Abstract

The majority of lacustrine fish populations in the western USA are located far from the nearest road. Although mark-recapture
techniques are widely accepted for estimating population abundance, these techniques have been broadly ignored for fisheries
surveys in remote mountain lakes because of restricted access and associated logistical constraints. In this study, mark-recapture
experiments were used to estimate fish population abundance in nine small (< 7 ha) lakes of the North Cascades National Park
Service Compicx. Fish in the mark sample were collected by angling, fin-clipped, and immediately released; fish were recaptured
with variable mesh moenofilament gill nets. A single-census Petersen estimator was used to calculate abundance in each lake, and
assumptions for unbiased estimates appeared to be satisfied in most cases. Post-release mortality of angler-captured fish was low.
The small size of these lakes in conjunction with the brief period of time allotted fer each individual experiment apparently
reduced the prebability of nnequal vulnerability and mortality for marked and unmarked fish. Single-census mark-recapture
experiments appeared to provide reasonable estimates of population abundance in these mountain lakes. Resulting estimates
furnish a substanual increase in information when compared to more ubiquitous assessments of relative abundance. but the
logistical requirements are medest. We believe that this technique may useful for survey purposes in other small, remote lakes.

Introduction were used to collect fish for mark and recapture
samples, and therefore, the method requires a lim-
ited number of personnel, an abbreviated sam-
pling period, and easily transported sampling gear.

Estimates of trout population abundance are of-
ten difficult to obtain in lakes located in remote,
high elevation areas of the western USA. Fish-
ery managers are frequently required to survey

numerous lakes with limited personnel over arela- Methods

tively short field season. Anindividual sampling Fish poputation abundance was estimated in nine
visit to a lake is often of short duration, and there lakes of the North Cascades National Park Ser-
are considerable logistical problems in transporting vice Complex (NOCA) located in northern Wash-
cumbersome sampling gear. Typically, the sta- ington, USA. All of the study lakes are relatively
tus of fish populations in mountain lakes is as- small {< 7 ha) and shallow (maximum depth <

sessed by gillnetting to obtain estimates of age
and size structure and growth, and to provide an
index of relative abundance. Although mark-re-
capture techniques are widely accepted for esti-
mating population abundance, these techniques
have been broadly ignored for fisheries surveys
in remote mountain lakes because of restricted
access and associated logistical constraints.

10 m). Seven of the study lakes supported repro-
ducing populations of cutthroat trout (Oncorhyn-
chus clarki) or rainbow trout (Oncorhynchus
mykiss). Trout in the other two lakes did not re-
produce naturally, and the lakes were stocked with
cutthroat trout fry (Liss et al. 1995).

Population abundance was estimated by mark-
and-recapture. Fish in the mark sample were col-
lected by angling with barbless lures and flies.
Sampling was direct (i.e., governed by fishing
success; Ricker 1975). Prior to release, individuals
were marked by removing the adipose fin or part
of the caudal fin (upper or lower tip). To reduce
handling time, fish in the mark sample were not

The purpose of this paper is to describe an appli-
cation of mark-recapture techniques for assess-
ing trout abundance in small lakes and discuss
the general suitability of the method in isolated
mountain environments. Angling and gill nets

'Present Address: USDA Forest Service, Pacific Northwaest measured prior to release. Angling occurred from
Research Station. 3200 SW Jefferson Way, Corvallis, Oregen the shore along the entire perimeter of most lakes
97331 and from an inflatable boat; this procedure helped
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to insure mixing of marked and unmarked fish
throughout the lake. Injured fish (e.g., those bleeding
from gills or tongue) were either released unmarked
or sacrificed. Two groups (12 fish in each) were
held overnight in enclosures to estimate post-re-
lease mortality due to capture and marking,

Fish were recaptured with variable-mesh
monofilament gill nets. With one exception, nets
were 42 m long with 10.5 m panels of 12.5, 18.5,
25, and 33 mm bar mesh; at Upper Triplet Lake
(1991) nets were 34 m long with 11.3 m panels
of 13.5, 18.5 and 25 mm bar mesh. Nets were
usually set at random locations the day after mark-
ing was completed. To minimize reduction in
capture efficiency, nets were checked frequently
so that fish did not accumulate. Overnight sets
were checked the following morning. During
recapture sampling net locations were changed
often.

Because size-selectivity often varies depend-
ing on sampling gear (Ricker 1975), a compari-
sen of mean lengths from fish captured by an-
gling and in gill nets was desired. Results were
used to determine the segment of the population
to which the abundance estimate applied. Marked
fish were not measured prior to release, and there-
fore, the length distribution of marked fish in a
pooled recapture sample (from all lakes) was used
to represent size distribution for fish captured by
angling. Subsequently, recapture samples for
individual lakes were partitioned by fish length,
and population estimates were limited to size cat-
egories encompassed by the pooled sample of
marked fish.

A single-census Petersen estimator (N =
(M+1)(C+1)/(R+1); Ricker 1975) was used to
estimate abundance in each lake. Sampling vari-
ance was estimated using Chapman’s approxima-
tion (V(N) = N*(C-R¥(C+1){R+2); Ricker 1975),
and coefficient of variation was estimated accord-
ing to Seber (1982) (C(N)= 1/(({M*C)/N)"2)).
Upper and lower confidence limits were calcu-
lated with Poisson approximations to the hyper-
geometric distribution (Ricker 1975). Procedures
assumed that the proportion of recaptured fish was
binomially distributed (equivalent to Poisson dis-
tribution of recaptured fish for a given number
marked). Individual fish were assumed to be-
have independently with a constant probability
of capture. Equal probability of capture was also
assumed for marked and unmarked fish.

Results

Because fish captured by angling were not mea-
sured prior to release, the lengths of recaptured
fish (R) were used to estimate the size range of
fish in the mark sample. Differences were evi-
dent in the length-frequency distributions of all
fish in the recapture sample and recaptured fish
(R) alone (Figure 1). Mean lengths were 209 and
235 mm for all fish sampled and recaptured fish,
respectively; the difference was statistically sig-
nificant (ANOVA; p <0.01}. Apparently, angling
selected for larger fish than gillnetting, and there-
fore, abundance estimates were partitioned by fish
length so that the assumption of equal probabii-
ity of capture for marked and unmarked fish would
not be violated. Few fish < 170 mm were recap-
tured in any lake (Figure 1), and in lakes without
tish reproduction, fish < 200 mm were infrequent;
therefore, estimates for all fish, fish > 170 mm,
and fish > 200 mm were calculated separately
and compared.

In many lakes estimates for all fish in the popu-
lation and those restricted to fish > 170 mm (Table
1) did not differ substantially. Smaller fish were
apparently underrepresented in both gill-net and
angling samples, and thus, mark-recapture esti-
mates underestimated abundance of all fish in
reproducing populations. Limiting comparisons
to fish > 200 mm substantially reduced abundance
estimates when compared to estimates tor all fish
and for fish > 170 mm. Although confidence in-
tervals were smaller when population estimates
were restricted by fish length, statistical bias (be-
cause of small sample size; Robson and Regier
1964) occurred in estimates of fish > 200 mm,
and sampling variation (as measured by coeffi-
cient of variation) increased (Table 1). There-
fore, using estimates for fish > 170 mm appeared
to provide the most appropriate comparisons of
fish abundance among lakes in this study.

Post-release mortality in the two overnight
experiments was low. Only 1 of 24 fish died,
and that individual was bleeding from the gills
when placed in the holding area. Injured fish were
not marked at any of the lakes in this study.

Discussion

Using angling and gill-net collections for mark-
recapture estimates of fish in remote small lakes
had several advantages. At each lake, sampling
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Figure 1. Histograms for lengths (total length) of all fish captured by gillnetting from recapture-samples in lakes of the North
Cascades National Park Service Complex, 1991-1993, and for lengths of recaptured fish (R} in the same samples.

gear requirements were limited to several fish-
ing rods and gill nets, an important factor in ar-
eas where access is difficult. I[nitial capture by
angling was effective in most lakes, and tests sug-
gested that post-release mortality of marked tish
was low. In most cases three people could con-
duct the survey within 3 d. Precision of popula-
tion estimates for fish > 170 mm was suitable for
long-monitoring studies (White et al. 1982), and
estimates appearad to be reasonable for the nine
smaill lakes in this study.

Assumptions associated with the single-cen-
sus Petersen estimate include equal mortality and
vulnerability to capture for marked and unmarked
fish. Marks must be retained and remain recog-
nizable throughout the period. Distribution of
marked and unmarked fish is assumed to be in-
dependent and random, or if not random, subse-

quent sampling is proportional to the number of
fish in different areas. Finally, recruitment should
be negligible during the sample period {Ricker
1975).

Previous research suggests that neither of the
marks used in this study (adipose and partial caudal
fin clips) has adverse effects on survival (Wydoski
and Emery 1983), and post-release mortality of
marked fish in our enclosure experiments was low.
The short peried of time between marking and
recapture should have reduced the probability of
unequal mortality among marked and unmarked
fish. It was assumed that no growth or recruit-
ment occurred during this period. Distribution
of marked and unmarked fish in the study lakes
was unknown; however, all of the lakes were rela-
tively small, and observations suggested that fish
moved throughout individual lakes. Gill nets were
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relocated often during the recapture sample. Fur-
thermore, fish were generally marked and released
along the entire shoreline in order to promote
mixing of marked and unmarked fish.

Although the use of different types of gear to
catch fish for marking and recapture samples may
ameliorate non-random distribution of marks or
tishing effort (Seber 1982}, gear selectivity can in-
troduce systematic bias in mark-recapture estimates
(Ricker 1975). Size selectivity occurs with all types
of sampling gear, both passive and active (Hayes
1983; Hubert 1953; Reynolds 1983). Although size
selectivity is difticult to avoid, effects of this source
of systematic bias can be minimized by dividing
estimates among two or more size groups or ex-
cluding fish near the limits of a given fishing gear
(Seber 1982) as we did for lakes in NQCA.

The effects of sampling gear on size distribu-
tion can be detected by comparing size distribu-
tion of fish in capture and recapture samples. In
this study, fish that were captured by angling were
not measured prior to release; however, length
frequency of fish in the recapture sample sug-
gested differential vulnerability to angling and
gillnetting for different length groups in the popu-
lation. Angling tended to select for larger fish
than gill nets. Because smaller fish were under-
represented by both techniques, abundance esti-
mates appeared to be more meaningful when lim-
ited to larger fish (e.g., > 170 mm). Fish > 170
mm corresponded to the catchable portion of the
fish populations in these lakes, however, and be-
cause managers generally focus on the availabil-
ity of fish to anglers, using angling to mark fish
appeared to be appropriate for estimates of the
catchable population,

Success of the mark-recapture procedure de-
scribed here depends on the vulnerability of fish
to capture by angling and gillnetting. Dwyer (1990)
found that different strains of cutthroat trout could
be differentiated by susceptibility to angling. In
NOCA, cutthroat trout and rainbow trout initially
stocked several decades ago were more vulner-
able to both angling and gillnetting than Mt.
Whitney rainbow trout that have been stocked in
these lakes in recent years. In 1992 attempts to
estimate density in two lakes that had been stocked
with the Mt. Whitney strain in 1990 failed be-
cause a sufficient number of fish could not be
captured by angling (W. J. Liss, Oregon State
University, unpublished data).

Other methods used to estimate abundance in
small lakes have yielded poor results. Kelso and
Shuter (1989) employed the removal method (with
three different estimators) to estimate total abun-
dance of brook trout (Salvelinus fontinalis), lake
trout (Salvelinus namaycush), and rainbow trout
in asmall lake (11.7 ha) in north-central Ontario,
but variation in catchability throughout the re-
moval period resulted in significant underestimates.
The authors cast doubt on the usefulness of the
removal technique for lake populations. Cone et
al. (1988) used the Jolly-Seber multiple mark-
recapture method, but three and possibly four of
the six assumptions for this method were violated,
and the results were inaccurate.

Bernard et al. {1993) compared direct estimates
of abundance of burbot (Lota lota) from mark-
recapture to an index of abundance based on catch
per unit effort in small and moderate-size lakes.
It populations of burbot were dense (> 1 adult
burbot/ha) and catch rates were high, direct esti-
mates of abundance using mark-recapture experi-
ments yielded more precise estimates than when
sampling effort was low, a distinct advantage over
using mean catch per unit effort as an index.

Single census mark-recapture experiments
appeared to provide reasonable estimates of popu-
lation abundance in this study, and it may useful
for survey purposes in other remote small lakes.
In contrast to relative abundance approximations,
using a population estimator provides the means
to establish confidence limits and promotes among-
lake comparisons and temporal trend analysis.
Additionally, abundance estimates from mark-
recapture experiments provide a level of accu-
racy and precision suitable for research. The small
size of the lakes in this study, in conjunction with
the brief period of time allotted tor each individual
experiment, apparently reduced the probability
of unequal vulnerability and mortality for marked
and unmarked fish, two important assumptions
of the Petersen estimator. Partitioning estimates
by size groups is recommended, especially with
the combination of angling and gillnetting for
collecting fish. Although we were able to accom-
plish partitioned estimates by crudely approxi-
mating the size of fish captured by angling, mea-
suring fish in both the marking and recapture
samples is strongly recommended.
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