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Introduction 

Dolly Varden char, cutthroat trout and coho salmon have been identified in the 1997 Tongass Land and 
Resource Management Forest Plan as Management Indicator Species (MIS).  MIS trends ideally provide 
a surrogate measure of environmental quality that affects the biological community and environmental 
condition. This monitoring strives to characterize the ecological condition and trends of watersheds and 
aquatic ecosystems on the Tongass National Forest. The proposed monitoring attempts to respond to the 
following basic questions: Is the Tongass National Forest Plan maintaining or restoring aquatic and 
riparian ecosystems to desired conditions on Tongass National Forest lands? Are population trends for 
MIS and their relationship to habitat changes consistent with expectations?  

General Design 

This proposal follows the approach established for the Aquatic and Riparian Effectiveness Monitoring 
Plan for the Pacific Northwest Forest Plan (AREMP) with some modifications. Much of the narrative and 
many of the figures and tables contained within this proposal is directly quoted or paraphrased from the 
AREMP General Technical Report PNW-GTR-577. 

The monitoring will look at the aggregate of various physical and biological indicators to evaluate 
watershed condition. To be meaningful, a monitoring program should provide insights into cause-and-
effect relations between environmental stressors and anticipated ecosystem responses. A primary step in 
developing an effectiveness plan is to recognize the factors that influence the parameter of interest. An 
overview of the conceptual model for the aquatic and riparian ecosystems is shown in figure 1. The 
conceptual model illustrates the response of fundamental watershed processes, as influenced by inherent 
landscape patterns of climate, geology, topography, and soils, to natural and human-caused stressors. 

Three physical subsystems (upslope, riparian and flood plain, and stream channel) and related biological 
components will be monitored. The processes occurring in the upslope subsystem (i.e., in the watershed 
in general) are assumed to affect the riparian and flood plain subsystem and the stream channel 
subsystem. The riparian and flood-plain subsystem may, to varying degrees, buffer upslope influences on 
the stream channel subsystem. Stream channel and riparian and floodplain subsystems are coupled (i.e., 
influences are bidirectional) so changes in rates or states associated with the processes and stressors in 
one of these subsystems will usually affect the linked subsystem (Naiman et al. 1992). In contrast, the 
influence of the upslope subsystem on the flood-plain and riparian and stream channel subsystems is more 
strongly unidirectional (downslope). The influence of riparian and aquatic subsystems on upslope 
processes is assumed to be nearly, but not completely, negligible.  

Processes pertinent to aquatic, riparian, and upslope ecosystems affected by the Forest Plan are shown in 
figure 2. Processes are grouped into those that describe general ecosystem function, with related key 
processes useful for designing the monitoring strategy. These key processes are further developed as 
indicators in table 1. 

Aquatic and terrestrial habitat development and the population dynamics of aquatic and riparian biota 
make up a set of processes that provide a conceptual link between the physical and biotic elements of this 
monitoring plan. The model depicts habitat development as the composite of the ecosystem processes 
listed. Thus, habitat development and population or community dynamics are shown as features that 
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integrate general and key ecosystem processes in the stream channel and riparian/flood-plain subsystems 
(fig. 1). Similarly, habitat distribution, diversity, complexity, and temporal and spatial connectivity 
comprise a composite of habitat development as affected by natural and human-caused ecosystem 
stressors. 

An integration of processes and stressors provides the functional relations critical to developing 
conceptual models for monitoring (Noon et al. 1999). Specific aspects of each ecosystem process have 
been identified as stressors that affect the three subsystems. Although natural and human-caused stressors 
are often difficult to distinguish in practice, the model lists examples of both types. In keeping with the 
effectiveness monitoring strategy, stressors are intended to be value-neutral (i.e., they can be either 
positive or negative like roads, which represent both road removal and construction). 

Upslope subsystem indicators —Upslope subsystem indicators such as vegetation composition, seral 
stage, road density and percentage of cover—reflect processes influencing the entire stream network 
(Naiman et al. 1992) and are relevant indicators over the entire watershed. Data can be gathered largely 
by existing imagery and ArcGIS. 

Riparian and flood-plain indicators—Riparian and flood-plain subsystem indicators represent processes 
delivering structure, sediment, and nutrients to stream channels over intermediate spatial scales, and they 
require finer scale analysis and greater initial sampling intensity for validation than do upslope indicators. 
It is suggested that riparian indicators be measured throughout the stream network, which includes 
perennial, fishbearing as well as perennial nonfish-bearing and intermittent streams. Although materials 
delivered by riparian and flood-plain subsystems initially affect adjacent stream reaches, they also affect 
the condition of downstream reaches (Naiman et al. 1992). 

In-channel subsystem indicators—In-channel indicators such as residual pool frequency volume and 
depth, particle size distribution, and large woody debris count will be measured at the reach scale. In-
channel subsystem indicators will be measured within 8 stream sections in each watershed. Four of the 
measured stream sections will be in the upper watershed upstream of barriers impassable to anadromous 
fish and 4 will be in the lower watershed within anadromous habitat.  
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Figure 1.      Overview of the conceptual framework 
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Figure 2.       Conceptual framework of watershed condition monitoring 
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Table 1.      Core indicators by ecologic process with preferred measures and data fields 
 

Watershed 
Subsection and 

Process 

Key Process Indicator Protocol Evaluated Data 

Upslope Subsystem 
Vegetative 
succession, 

growth & 
mortality 

Wood Production 
and transport 

Vegetation seral 
stage and series 

Cover by composition 
and structure class 

Proportion of 
watershed in early-
mid, and late seral 
stages 

 
Soil Cycle 

Sediment 
production and 
transport 

Stream crossing 
density 

Density of stream 
crossings per square 
mile 

Density of stream 
crossings per 
square mile 

Soil Cycle 

Sediment 
production and 
transport 

Road density Length and proportion 
of road network 
hydrologically 
connected to the stream 
channel 

Miles of road per 
square mile within 
300 meters of 
streams 

Soil Cycle 

Sediment 
production and 
transport 

Landslides Protocol from Swanson 
addressing frequency, 
type, and location 

Frequency, by 
type, size and 
location of 
landslide 

Riparian flood-plain Subsystem 
Vegetative 
succession, 

growth & 
mortality 

Wood delivery, 
community 
structural 

development 

Vegetation seral 
stage and 
association 

Cover by composition 
and structure class 

Proportion of 
watershed in early-
mid, and late seral 
stages 

Soil Cycle 
Sediment 

production and 
transport 

Stream crossing 
density 

Density of stream 
crossings per square 
mile 

Density of stream 
crossings per 
square mile 

Soil Cycle 

Sediment 
production and 

transport 

Road density Length and proportion 
of road network 
hydrologically 
connected to the stream 
channel 

Miles of road per 
square mile within 
300 meters of 
streams 

Soil Cycle 

Sediment 
production and 

transport 

Landslides Protocol from Swanson 
addressing frequency, 
type, and location 

Frequency, by 
type, size and 
location of 
landslide 
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Watershed 
Subsection and 

Process 

Key Process Indicator Protocol Evaluated Data 

In-channel Subsystem 
Channel 

structural 
dynamics 

Sediment and 
wood delivery 

Channel cross 
section 

Monumented cross-
sectional profile 

Bankfull width and 
mean depth 

Channel 
structural 
dynamics 

Sediment and 
wood delivery 

Channel 
movement 

Monumented channel 
longitudinal proflie 

Water surface 
slope 

Channel 
structural 
dynamics 

Sediment and 
wood delivery 

Channel 
sinuosity 

Stream length/valley 
length from aerial 
photos. 

Stream 
length/valley 
length 

Channel 
structural 
dynamics 

Sediment and 
wood delivery 

Channel pools Survey of residual pool 
volume, depth, and 
frequency in sample 
reaches 

Pool depth, 
volume and 
frequency 

Channel 
structural 
dynamics 

Sediment and 
wood delivery 

Structural 
complexity 

Survey of LWD counts 
in sample reaches 

LWD counts per 
lineal measure 

Channel 
structural 
dynamics 

Sediment and 
wood delivery 

Substrate 
composition 

Wolman pebble count Percentage of fines 
and D50 

Energy 
Exchange 

Heat delivery Water 
Temperature 

Temperature recorder Water temperature 
change 

Hydrologic 
cycle 

Water delivery Water quantity Stage recorder Discharge change  

Biotic 
Community  

Biotic  
integrity 

MIS species 
density and 
condition factor 

Removal method using 
minnow traps in closed 
system sample reaches 

Species density 
and condition 
factor change 

 
True watersheds (6th-field hydrological unit) forms the basic geographic unit for monitoring. Fourteen 
watersheds will be sampled over an 8 year period.  Two of the watersheds will be sampled annually (fixed 
watersheds) and twelve watersheds will be grouped into four separate panels (panel watersheds) of 3 
watersheds each and sampled on a rotating basis once every four years (table 2). 

One of the annually sampled watersheds is within an unmanaged condition currently and into the 
perceivable future while the other will be representative of past, present and proposed future active 
management activities. The annually sampled fixed watersheds will allow for the assessment of trends 
more rapidly as well as provide information on natural variability.   

The watersheds sampled on a rotating panel basis will ideally represent the range of ecological conditions 
and forest management across the Forest. The relatively small sample size will not allow for extensive 
stratification. 
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Table 2.      Number of Sample Watersheds and Periodicity of Sampling 
 

Watershed 2012 2013 2014 2015 2016 2017 2018 2019 

1     (Managed) Fixed 1 Fixed 1 Fixed 1 Fixed 1 Fixed 1 Fixed 1 Fixed 1 Fixed 1 
2     (Unmanaged) Fixed 2 Fixed 2 Fixed 2 Fixed 2 Fixed 2 Fixed 2 Fixed 2 Fixed 2 
3 Panel 1    Panel 1    
4 Panel 1    Panel 1    
5 Panel 1    Panel 1    
6  Panel 2    Panel 2   
7  Panel 2    Panel 2   
8  Panel 2    Panel 2   
9   Panel 3    Panel 3  
10   Panel 3    Panel 3  
11   Panel 3    Panel 3  
12    Panel 4    Panel 4 
13    Panel 4    Panel 4 
14    Panel 4    Panel 4 
 
 
Selected watersheds have populations of:  1) resident Dolly Varden char and/or cutthroat trout upstream 
of impassable and permanent barrier(s) and coho salmon young-of-the-year and parr in downstream 
sections.  Four resident fish populated stream sections and four coho populated stream sections of 
approximately 100 meters in length will be sampled within each of the 14 selected watersheds.   

Sample reaches will be in FP0, FPS, MM0, or MMS channels (See Channel Type Users Guide for 
description). These less constrained, lower gradient (<6%), smaller and mostly alluvial channels support 
relatively greater numbers of fish, contact a greater area of the flood-plain and riparian area, these reaches 
generally have greater variation in bed and bank materials, hydraulics, and therefore habitats, and they are 
considered to reflect the integration of upstream watershed process (Reeves et al. 1998).  

Since the lakes probably provide quality over-wintering habitat and are thought to be little affected by 
forest management, we believe trends in fish populations may be less likely in streams connected to lakes.  
Therefore, selected sample stream sections will ideally not be associated with lakes. 

Methods for Fish Population Estimates: 

Resident Dolly Varden, resident cutthroat trout and juvenile coho salmon will be monitored for 
population trends by repeat population estimates in permanently marked closed reaches of stream.  A 
three-pass to four pass removal method using minnow traps baited with disinfected salmon eggs. 
Temporary block nets will be deployed on the upstream and downstream ends of the sample reach to 
restrict fish movement while sampling. Previous experience indicates that between 25 to 50 minnow traps 
are required to saturate the reach and allow for adequate capture rates.  Appendix A provides a 
publication containing more detail on the removal method. 

Natural obstructions, like shallow riffles or small waterfalls over large wood, should be used as upper and 
lower boundaries for the study reaches.  Where possible, these natural obstructions should be relatively 
permanent to increase the probability of persistence for the life of the monitoring project.  In any case, the 
ends of the selected study reaches should be permanently marked.  Metal tags nailed to trees are 
recommended as permanent markers.  Surveyors flagging and notations on aerial photos are suggested to 
help relocate the metal tags.  GPS coordinates will be recorded also to relocate study sites.  



8  Fish MIS Summary  2012 Tongass Monitoring and Evaluation Report 

Minnow traps should be set for approximately 1.5 hours at which time all captured fish will be transferred 
to buckets.  It is suggested the buckets have holes drilled in the sides and be placed in the stream for water 
exchange to keep the fish aerated. The traps should be rebaited and reset for another 1.5-hour period.  
While the second set is fishing, fish captured during the first set should be processed.  This can be 
repeated for three to four cycles.  Data collected for each set should include the number of fish captured 
by species and their fork lengths and weight. The recommended anesthetic is MS-222. All captured fish 
will be released unharmed within the reach of capture.  

Population estimates and associated confidence intervals will be determined using CAPTURE software 
program (White, 1978).  Minnow trap funnel openings will be enlarged if necessary and maintained at a 
1” opening size.  Openings will also be coated with silicone to avoid the possibility of injuring fish upon 
entry into the minnow trap.  Fish capture will occur during the months of June through August and 
sampling will not be completed during high flows. 
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Estimating Fish Populations by Removal Methods with Minnow Traps in Southeast Alaska 
Streams  

MASON D. BRYANT1  
United States Forest Service, Pacific Northwest Research Station, 2770 Sherwood Lane 2A, Juneau, Alaska 99801, USA  

Abstract.— Passive capture methods, such as minnow traps, are commonly used to capture fish for mark–recapture population 
estimates; however, they have not been used for removal methods. Minnow traps set for 90-min periods during three or four 
sequential capture occasions during the summer of 1996 were used to capture coho salmon Oncorhynchus kisutch fry and parr, 
Dolly Varden Salvelinus malma, cutthroat trout O. clarki, and juvenile steelhead O. mykiss to estimate population size with the 
Zippin or generalized removal method. More than 45% of the total catch was obtained during the first capture occasion, and in 
most cases, the catch during the fourth occasion was less than 15% of the total catch. In most pools, the probability of capture 
was greater than 0.4 but was lower for coho salmon fry than for coho salmon parr and other species. Mean population estimates 
for coho salmon parr made with concurrent mark–recapture and removal methods differed significantly in small streams. 
Estimates from mark–recapture and removal methods were not significantly different for coho salmon fry and Dolly Varden, but 
mark–recapture estimates were higher than removal estimates in most cases. My results show that removal estimates can be 
obtained with minnow traps if sampling procedures conform to the assumptions required for the method.  

Obtaining precise and accurate estimates of fish abundance in streams continues to challenge fishery biologists, 
despite the development of sophisticated mathematical models. Commonly used methods include mark–recapture 
experiments (Ricker 1975; Zubik and Fraley 1988) and removal estimates (Moran 1951; Zippin 1958; White et al. 
1982). Though snorkel surveys are also used to estimate fish abundance (Northcote and Wilke 1963; Schill and 
Griffith 1984; Thurow 1994), they require a separate estimate of the population to calibrate the counts (Hankin 
1986). Mathematical models for both mark–recapture and removal estimates are well-tested, but present substantial 
logistical challenges to meet the assumptions.  

Mark–recapture estimates are commonly used in southeast Alaska and elsewhere to estimate populations of 
juvenile salmonids, most commonly coho salmon Oncoryhnchus kisutch and Dolly Varden Salvelinus malma, in 
small ( 4-m-wide) second-to third-order streams (Elliott and Hubartt 1978; Dolloff 1983; Bryant 1984; Young et al. 
1999). Sample reaches in streams wider than 4 m and with higher water flows are difficult to isolate, and mark–
recapture methods are not reliable because of movement between sample periods. High flows, common in southeast 
Alaska, also affect movement and catchability between sample periods. Removal methods or snorkel surveys are 
oftenused in these streams, yet even these methods are limited. Low conductivity and patches of complex habitat 
with large woody debris make the removal method of electrofishing impractical. Snorkel surveys also are 
impractical because of complex habitat and poor visibility in the dark waters of many southeast Alaska streams.  

Removal methods have several advantages over mark–recapture methods to estimate fish numbers. Fish are 
captured only once, which eliminates bias due to behavioral responses to a trap. Fish do not need to be marked, 
which removes assumptions that all marks are identified and that negligible mortality occurs due to marking. The 
stream section can be sampled in 1 d, which substantially reduces the probability of movement by fish into and out 
of the sample area in cases in which the stream section cannot be isolated for the duration of the mark–recapture 
sequence. In addition, a 1d sampling effort simplifies logistics for those locations that are difficult to reach and 
eliminates any differences in sampling efficiency due to changes in flow regimes (i.e., high-water events that occur 
after marking and before or during recapture). Passive capture methods are commonly used for mark–recapture 
experiments but are seldom used for removal estimates. Minnow traps baited with salmon eggs are an effective 
method for capturing juvenile salmonids and have been used in numerous studies throughout southeast Alaska 
(Bloom 1976; Elliott and Hubartt 1978; Dolloff 1983; Bryant 1985). Minnow traps have not been used for removal 
population estimates but have several advantages over electrofishing: they are less harmful to the fish, disturb the 
stream less, can be used efficiently in complex habitats, and are not dependent on the water chemistry of the stream 
(Mesa and Schreck 1989; Riley and Fausch 1992; Hollender and Carline 1994; Habera et al. 1996; Reynolds 1996). 
Although minnow traps are not effective in riffle or fast-water habitats, they offer a less-intrusive alternative to 
electrofishing in streams with pools or slow-moving water. However, their use as a removal method for population 
estimates has not been studied.  

My purpose is to determine if minnow traps can be used as a removal method to estimate population sizes of fish 
in streams. My first objective is to determine if minnow traps capture a sufficient part of the population on each 
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capture occasion to estimate population size of juvenile salmonids using a removal method and to examine 
probabilities of capture in natural streams. My second objective is to determine if concurrent mark–recapture es-
timates and removal estimates through the use of minnow traps differ significantly.  

Methods  
The study was conducted on five small second-to third-order streams, Convenience, Picnic, Switzer, Twiw, and 

Tye creeks, and three medium-size fourth-to fifth-order streams, Painted, Sal, and Trap creeks, in southeast Alaska 
during the summer of 1996. The small streams were all less than 4 m in bank-full width and had summer mean flows 
of less than 0.5 m

3
/s. The medium-size streams were greater than 4 m but less than 30 m in bank-full width and 

drained into salt water. All streams supported populations of coho salmon and Dolly Varden. Steelhead 
Onchorhynchus mykiss and cutthroat trout O. clarki were found in some streams and were not sympatric in any 
stream that was sampled. Coastrange sculpins Cottus aleuticus were occasionally captured but not included in the 
estimates. The three medium-size streams were sampled with the removal estimate only. Concurrent mark–recapture 
and removal experiments were completed on all five small streams.  

Mark–recapture and removal methods require closed populations; therefore, sample reaches were selected to 
minimize emigration or immigration during the sample period. In the five small streams, the sample reaches ranged 
from 100 to 350 m and were blocked by nets, weirs, or barriers at both ends for the duration of the experiment, 
usually 3–4 d. In the three medium-size streams, nets could not be used; natural barriers were used to isolate the 
reach and pools within the reach. These included long, shallow riffles ( 5 cm depth) or submerged logs that fully 
spanned the stream, forming a dam. While complete isolation was not achieved, fish movement across these barriers 
was not observed during sampling, which usually lasted no longer than 8 h at each site.  
The removal experiment was completed in 1 d on each medium-size stream. Three capture occasions were used in 
Painted Creek, the first stream sampled with the removal method. Four capture occasions were used on Trap and Sal 
creeks. Reaches ranged in length from about 200 to 300 m. Individual pools were identified and counted in each 
reach. At least 50% of the pools were randomly selected and population estimates were computed for fish in each 
pool. The size of the pools ranged from 9.7 to 1,480 m

2
, the average size being 288 m

2
. One to three pools were 

sampled concurrently, depending upon their size and complexity. Once a pool was selected, sample locations for the 
minnow traps (3.2-mm mesh size; 19 cm diameter and 35.5 cm long) were selected. Distances between traps 
depended upon habitat complexity, but generally traps were separated by about 2 m. Traps were set more densely in 
complex habitats (i.e., pools with large amounts of woody debris) than in more open pools. Between 40 and 50 traps 
were set for each removal experiment.  
Traps were baited with salmon eggs (disinfected for 10 min with 1:100 betadyne to water solution) held in 
perforated ‘‘whirlpaks.’’ Traps were set on the stream bottom next to suspected habitat of juvenile salmonids, such 
as woody debris, rootwads, or undercut banks, but were distributed to completely sample the pool. Traps were left 
undisturbed for 90 ± 10 min and then were picked up in the same order in which they were set. Fish were removed, 
and fresh bait was placed in each trap. Traps were set again in the same locations. Fish from each pool and capture 
occasion were processed separately. While the second set was fishing, the fish from the first set were identified, 
counted, measured (mm), and weighed (nearest 0.1 g). Data from each capture occasion were identified by number 
(1, 2, 3, or 4), each of which identified the capture occasion. The procedure was repeated three to four times, 
depending upon the desired number of capture occasions. Fish from each capture occasion were placed in a holding 
net (or blocked minnow traps) until the last capture occasion was completed, at which time all fish were returned to 
the same area from which they were captured. Population size was estimated for each species in each pool. Coho 
salmon were classified as fry (age 0) or parr (age 1+) based on analysis of length–frequency data. Coho salmon were 
considered to be fry if they were less than 50 mm in June, less than 55 mm in July, or less than 60 mm in August.  

The same procedures for the removal estimate in the medium-size streams were used in the small streams during 
the concurrent mark–recapture and removal experiments. Sample reaches, which were 100 to 300 m long and ranged 
in area from 68 to 274 m

2
, could be easily sampled with 40–50 traps. The entire reach was sampled during one 

experiment, and population size was estimated for the entire reach. All fish were marked during four capture 
occasions in the removal estimate, which served as the mark sample in a single-census Peterson mark–recapture 
estimate determined by the Chapman modification (Ricker 1975). The recapture sample was completed during one 
capture occasion 3–4 d after the fish were released. All fish were identified by species and measured. Recaptured 
marked fish were recorded.  

Removal estimates and probabilities of capture (Pc) were computed by the capture program (White et al. 1982). If 
four capture occasions were used, population size was estimated by the generalized removal estimate in the capture 
program: both equal Pc among occasions and unequal Pc between the first and subsequent occasions. The program 
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also tested whether Pc was constant, based on a chi-square test (0=0.05). The Zippin method, which assumes equal 
probabilities of capture, was used for Painted Creek where three capture occasions were completed.  

A paired t-test (0=0.05) was used to compare the probability of capture from the first capture occasion to 
subsequent capture occasions in pools where a variable probability of capture was used to estimate populations. A 
paired t-test (0=0.05) was also used to examine differences in population estimates and probabilities of capture 
between three or four capture occasions for coho salmon fry, coho salmon parr, Dolly Varden, and steel-head. 
Estimates from individual pools that had valid estimates for four capture occasions were used as the sample unit. 
Estimates for three capture occasions were made by recomputing the first three capture occasions from estimates 
with four capture occasions.  
Depletion and mark–recapture estimates from reaches in the five small streams were compared by a paired t-test 
(0=0.05). The test was completed separately for coho salmon fry, coho salmon parr, and Dolly Varden. Cutthroat 
trout and steel-head were not captured in all streams and were not included in the analysis. Normality and ho-
mogeneity of variance was tested before use of the t-tests (SAS Institute 1988).  

Results  
Removal Estimates  

Abundance of coho salmon parr was estimated for 47 pools in Painted, Sal, and Trap creeks. Estimates were not 
computed (defined as ‘‘failures’’ by the computer program) in three pools for coho salmon fry and Dolly Varden 
when less than 10 fish were caught during all capture occasions. For two of the pools, failures occurred when more 
coho salmon fry were caught during either the second or third capture occasion than during the first capture 
occasion. For the third pool, no Dolly Varden were captured during the first two capture occasions, 16 were captured 
during the third capture occasion, and 3 were captured during the fourth capture occasion. Steelhead were captured 
only in Sal Creek, and 3 failures occurred out of the 10 pools sampled.  

For all species, more than 45% of the total catch in all reaches of Painted, Sal, and Trap creeks were taken during 
the first capture occasion (Figure 1). In most cases, the number of fish captured during the fourth capture occasion 
was less than 15% of the total catch. For all species except coho salmon fry, the probability of capture was greater 
than 0.3 for at least 80% of the pools sampled when it was assumed constant for all capture occasions (Figure 2). 
Probability of capture was greater than 0.4 in more than 90% of the pools for cutthroat trout and steelhead. Coho 
salmon fry and parr had the lowest probability of capture, but more than 50% of the pools exceeded 0.4. In most 
cases, however, substantially fewer coho salmon fry and parr were caught upon each successive sampling occasion, 
even with lower probabilities of capture. For example, in one pool, 123, 95, and 51 coho salmon fry were captured 
during successive capture occasions. The probability of capture calculated to 0.344. The 95% confidence interval 
ranged from 324 to 472 fish around the population estimate of 374 fish. While the lower probability of capture 
resulted in less precision, the lower confidence interval was within 13% and the upper confidence interval within 
26% of the estimate.  

In Sal and Trap creeks, both of which had four capture occasions, the capture program compared constant-capture 
probability and variable-capture probability. In most pools, the probabilities of capture were constant. The constant-
probability-ofcapture model was selected for all species in 88% of the pools in Sal Creek and in 93% of the pools in 
Trap Creek (chi-square, 0=0.05; White et al. 1982). The constant-probability-of-capture model was selected for 
Dolly Varden and steelhead in all pools of Sal Creek (Table 1). In Trap Creek, the constant-probability-of-capture 
model was selected for Dolly Varden in 81% of the pools. A variable-probability-of-capture model was used to es-
timate population size for coho salmon fry in five pools, for coho salmon parr in eight pools, and for Dolly Varden 
in four pools. Only for coho salmon fry was the probability of capture significantly greater for the first capture 
occasion than for subsequent capture occasions (Table 2).  

Population estimates and probabilities of capture for three sample occasions were generally lower than those 
computed for four sample occasions (Table 3). Population estimates for three and four capture occasions were 
significantly different for coho salmon parr (P =0.013), but differences were not observed for population estimates 
of coho salmon fry and Dolly Varden. Differences between the probabilities of capture for three and four capture 
occasions were observed for coho salmon fry, coho salmon parr, and Dolly Varden. The probabilities of capture for 
three capture occasions were greater than that estimated for four capture occasions (Table 3). The population 
estimates or probabilities of capture for steelhead were not significantly different between three and four capture 
occasions (Table 3).  
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FIGURE 1.—The proportion of coho salmon fry(COF), coho salmon parr (COP), Dolly Varden (DV), cutthroat trout (CT), 
and steelhead (SH) captured during each capture occasion in Trap, Sal, and Painted creeks for the removal experiment in 
southeast Alaska, 1996.  
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Mark–Recapture and Removal Estimates  

Comparisons of population estimates for the two methods showed mixed results among species, but generally 
estimates from the mark–recapture method were higher than those from the removal method. Mark–recapture and 
removal estimates were significantly different for coho salmon parr (P =0.049) but were not significantly different 
for Dolly Varden and coho salmon fry (Figure 3). Mark–recapture estimates were higher in all streams and for all 
species except coho salmon fry in Twiw Creek and Dolly Varden in Picnic Creek. In both cases, removal estimates 
had wider confidence intervals than the mark–recapture estimates. Removal estimates for both streams had low 
probabilities of capture and a high number of fish captured during the final capture occasion.  

 

TABLE 1.—Percent of pools with constant and variable probabilities of capture for coho salmon fry, coho salmon parr, 
Dolly Varden, and steelhead captured in two streams in southeast Alaska, 1996. 
 

Stream Type of probability Coho 
salmon Parr Fry Dolly Varden Steelhead  All 

Sal Creek Constant  78  80  100  100  88 

 Variable  22  20    12 

Trap Creek Constant 
Variable 

89 
11  

73 
27  

81 
19  

 
93 19 

 
 
TABLE 2.—Comparison (paired t-test) between probabilities of capture (Pc) on first and subsequent capture occasions in 
pools where a variable probability of capture was used to estimate populations for coho salmon fry and parr and Dolly 
Varden in two streams in southeast Alaska, 1996. 

 
Mean population estimate (number of fish) Mean probability of capture 

Species 
Number 
of pools 

Three-
sample 

Four-
sample P 

Three-
sample 

Four-
sample P 

Coho 
salmon 

   

Fry Parr 24 24 54 22 61 25 0.087 
0.013 

0.559 
0.655 

0.445 
0.573 

0.0017 0.0085 

Dolly 
Varden 

Steelhead 22 5 53 8 56 9 
0.101 
0.393 

0.654 
0.687 

0.571 
0.661 0.0064 0.804 

 
 
TABLE 3.—Comparison (paired t-test) between 3-sample and 4-sample removal estimates of population and probabilities of 
capture for coho salmon fry and parr, Dolly Varden, and steelhead in Trap and Sal creeks, southeast Alaska, 1996.  

Mean Pc  

Species  

First 
capture  

Subsequent 
captures  df  P  

Coho salmon 
Fry Parr 
Dolly Varden  

0.523 
0.574 
0.435  

0.302 0.546 
0.232  

4 7 
3  

0.01 0.85 
0.06  
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FIGURE 2.—The relationship between probability of capture of all five species and the number of pools expressed as a 
proportion of total pools sampled in Trap, Sal, and Painted creeks for the removal experiment in southeast Alaska, 1996.  

 

Discussion  
Probabilities of capture were generally high, and in most cases, 50–65% of the population was captured during 

the first sample occasion. However, even with high probabilities of capture, underestimation of the population may 
be a problem because of differences in probabilities of capture between sample occasions (Riley and Fausch 1992). 
Underestimation would occur if the probability of capture was higher during the first sample occasion and lower 
during subsequent sampling occasions (Riley and Fausch 1992). The bias can be accounted for if the differences 
between probability of capture can be detected during the estimation through the use of four capture occasions and 
the generalized removal method (White et al. 1982). Results from this study agree with the recommendation of Riley 
and Fausch (1992) that four capture occasions be used for removal estimates whenever possible.  

Riley and Fausch (1992) and the numerous studies they cite report decreasing catchability after the first capture 
occasion during electrofishing and suggest that it is important to maintain equal effort among all samples. However, 
not only does the process of electrofishing impose a considerable disturbance upon the stream and influence fish be-
havior during subsequent samples, but it also imposes a physiological response in fish that influences behavior on 
those that were shocked but not captured during the first attempt (Mesa and Schreck 1989). Minnow traps are a 
passive capture method and impose a much lower degree of disturbance than electrofishing. This eliminates the 
effects of disturbances if care is used when the traps are set and retrieved.  

Regardless of the method used to capture fish, assumptions of removal estimates must be met that include 
isolation of the sample area during the sample period. Recruitment into the sample area during the estimate will 
result in an upward bias in the estimate; however, recruitment was not observed in study sections of the larger 
streams during 6–7 h sample periods. If the pool within the reach is not saturated with traps, fish from within the 
pool may be recruited into nearby traps during subsequent sampling occasions. Evidence of recruitment during the 
sample period may be observed when more fish are captured in later sample occasions than during the first or second 
sample occasions. Effort should be made to capture the greatest number of fish from the pool while completely 
sampling the pool and maintaining equal sampling effort among capture occasions. 

Minnow traps have physical limitations that limit their use as a capture method. They do not adequately sample 
riffle habitat; therefore, the method is limited to pool habitats. Stream depth must be sufficient to submerge the 
opening of the trap. The effective range or orientation of baited minnow traps has not been systematically tested, but 
traps are usually set parallel to the flow or in pools with minimal flow. Extensive field experience in southeast 
Alaska suggests that minnow traps are effective at a radius of at least 2 m; a downstream bias may extend the range 
depending on flow. Complex habitats, such as large, dense debris jams, may require a higher density of traps than 
open pools. Fish behavior and habitat preferences will determine the distribution of traps. Large scour pools with 
little cover and high flows generally did not yield large numbers of juvenile salmonids. They also did not require as 
many traps as pools with large rootwads and several smaller connected pools.  
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Although removal and mark–recapture estimates in small streams were not significantly different for coho salmon 
fry and Dolly Varden, mark–recapture mean estimates were 13–17% greater than removal mean estimates. 
Violations of at least two assumptions, equal vulnerability of marked-to-unmarked fish (trap-shy) and greater 
mortality of marked fish, could account for higher mark–recapture estimates. Removal estimates were often lower 
than mark–recapture estimates. Mahon (1980) and Peterson and Cederholm (1984) generally attributed this to 
decreasing probability of capture upon successive capture occasions. Their estimates, however, were derived from 
electrofishing and not by less-obtrusive methods, such as minnow traps. The generalized removal program used a 
constant probability of capture for all five of the streams rather than a variable probability of capture, which suggests 
the minnow traps did not affect fish behavior.  

Removal methods have several advantages over mark–recapture methods, including the ability to complete 
sampling in a single day and requiring fewer assumptions. Minnow traps impose less stress on fish than 
electrofishing, though care must be taken when fish are held for several hours. In streams that cannot be completely 
blocked, the shorter time interval needed for the removal estimate reduces the probability of movement and more 
closely satisfies the closure assumption than is possible for mark–recapture experiments that require several days 
between the mark and recapture. The assumption of closure can seldomly be accomplished in large streams with 
greater flow volumes, but short-term movement can be reduced during a removal estimate through the use of sample 
reaches that are separated by naturally occurring obstructions. Minnow traps, carefully placed in a stream and left 
undisturbed, are also less likely to disturb fish than during electrofishing or seining when several people move 
through the stream during each sample occasion. Minnow traps offer an attractive alternative for conducting 
removal estimates for juvenile salmonids. Similar methods may be applicable to other species that are susceptible to 
passive capture methods.  
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FIGURE 3—The comparison of population estimates from mark–recapture and removal methods by species for 
five small streams in southeast Alaska, 1996.  



 

16  Fish MIS – Estimating Fish Populations  2012 Tongass Monitoring and Evaluation Report 

References  
Bloom, A. M. 1976. Evaluation of minnow traps for estimating populations of juvenile coho salmon and Dolly 

Varden. Progressive Fish-Culturist 38:99–  
Bryant, M. D. 1984. Distribution of salmonids in the Trap Bay basin, Tenakee Inlet. Pages 17–31 in W. R. Meehan, 

T. R. Merrell, and T. A. Hanley, editors. Fish and wildlife relationships in old-growth forests: proceedings of a 
symposium. American Institute of Fishery Research Biologists, Juneau, Alaska.  

Bryant, M. D. 1985. The role of beaver dams as coho salmon habitat in southeast Alaska streams. Pages 183–192 in 
J. M. Walton and D. B. Houston, editors. Proceedings of the Olympic wild fish conference. Peninsula College and 
Olympic National Park, Fisheries Technology Program, Port Angeles, Washington.  

Dolloff, C. A. 1983. The relationships of wood debris to juvenile salmonid production and microhabitat selection in 
small southeast Alaska streams. Doctoral dissertation. Montana State University, Bozeman.  

Elliott, S. T., and D. Hubartt. 1978. A study of land use activities and their relationship to sport fish resources in 
southeast Alaska. Alaska Department of Fish and Game, Federal Aid in Sport Fish Restoration, D-1, volume 19, 
Juneau, Alaska.  

Habera, J. W., R. J. Strange, B. D. Carter, and S. E. Moore. 1996. Short-term mortality and injury of rainbow trout 
caused by three-pass AC electrofishing in a southern Appalachian stream. North American Journal of Fisheries 
Management 16:192–200.  

Hankin, D. G. 1986. Sampling designs for estimating total number of fish in small streams. U.S. Forest Service, 
Research Paper PNW-360, Portland, Oregon.  

Hollender, B. A., and R. F. Carline. 1994. Injury to brook trout by backpack electrofishing. North American Journal 
of Fisheries Management 14:643–649.  

Mahon, R. 1980. Accuracy of catch–effort methods for estimating fish density and biomass in streams. 
Environmental Biology of Fishes 5:343–360.  

Mesa, M. G., and C. B. Schreck. 1989. Electrofishing mark–recapture and depletion methodologies evoke 
behavioral and physiological changes in cutthroat trout. Transactions of the American Fisheries Society 118:644–
658.  

Moran, P. A. 1951. A mathematical theory of animal trapping. Biometrika 38:307–311.  
Northcote, T. G., and D. W. Wilke. 1963. Underwater census of stream fish populations. Transactions of the 

American Fisheries Society 92:146–151.  
Peterson, N. P., and C. J. Cederholm. 1984. A comparison of the removal and mark–recapture method of population 

estimation for juvenile coho salmon in a small stream. North American Journal of Fisheries Management 4:99–
102.  

Reynolds, J. B. 1996. Electrofishing. Pages 221–253 in B. R. Murphy and D. W. Willis, editors. Fisheries 
techniques, 2nd edition. American Fisheries Society, Bethesda, Maryland.  

Ricker, W. E. 1975. Computation and interpretation of biological statistics of fish populations. Fisheries Research 
Board of Canada Bulletin 191.  

Riley, S. C., and K. D. Fausch. 1992. Underestimation of trout population size by maximum likelihood removal 
estimates in small streams. North American Journal of Fisheries Management 12:768–776. SAS Institute. 1988. 
SAS/STAT user’s guide. Release 6.03 edition. SAS Institute, Cary, North Carolina.  

Schill, D. J., and J. S. Griffith. 1984. Use of underwater observations to estimate cutthroat trout abundance in the 
Yellowstone River. North American Journal of Fisheries Management 4:479–487.  

Thurow, R. F. 1994. Underwater methods for study of salmonids in the intermountain west. U.S. Forest Service, 
General Technical Report GTR-307.  

White, G. C., D. R. Anderson, K. P. Burnham, and D. L. Otis. 1982. Capture–recapture and removal methods for 
sampling closed populations. Los Alamos National Laboratory, Los Alamos, New Mexico.  

Young, K. A., S. G. Hinch, and T. G. Northcote. 1999. Status of resident cutthroat trout and their habitat twenty-five 
years after riparian logging. Transactions of the American Fisheries Society 19:901–  

Zippin, C. 1958.  The removal method of population estimation. Journal of Wildlife Management 22:82– 90.  
Zubik, R. J., and J. J. Fraley. 1988. Comparison of snorkel and mark–recapture estimates for trout populations in 

large streams. North American Journal of Fisheries Management 8:58–62.  


