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Abstract

A mark recapture study was conducted by angling on the upper 20
kil ometers of the Babine River in an attenpt to estimte the abundance of
overwi ntering adult steel head. The initial taggi ng was conducted by
fisheries staff and volunteers during the 1992 fishing season. A total of
473 steel head was considered to be the first sanple of this mark recapture
study. This total was used to develop a sanpling strategy that would
produce acceptable statistical precision. The sanpling strategy was al so
designed to ensure as nuch accuracy as possible by mnimzing the
potential violation of mark recapture assunptions. Miltiple census nethods
were expected to be better estimators than single census nethods and
therefore two subsequent recovery phases were conducted. Each of these two
subsequent sanpl es required eight angler days to conplete and both were
conducted in early April. Three Petersen estimates wth 95% confi dence
limts were 4077 (3266-5396), 3623 (2688-5234), and 4660 (3072-7915).
Three nultiple census estinmates were consistently | ower than the Petersen
estimtes. These were the Schumacher at 3407 (2636-4817), the O gi nal
Schnabel at 3450 (2261-7273), and the Mdified Schnabel at 3399 (2717-
4381). Multiple census results suggested there nmay have been sone
violation of mark recapture assunptions. A corrective nethod applied to
the data (Tanaka’ s Moddel) produced an estimate of 2083 steel head in the
study area. Confidence |limts could not be derived using this nmethod
because the nunber of sanpling periods was too few. Nevertheless, the
Tanaka estimate was considered to reflect the degree of possible
i naccuracy in the other estimtes. A nunber of possible violations of mark
recapture assunptions were identified. However, froma stock nonitoring
perspective, the nost serious problemin estimting the overw ntering
popul ati on of the Babine River was the uncertainty about annual
variability in the distribution of the population. For this reason, an
annual census of the overwintering population in the “Upper Babine” al one
may be of limted use for stock nonitoring purposes. It is recommended
that an attenpt be nade to operate the Babine River fence during the
spring. If a large and constant proportion of the total river spawning
popul ati on does, as assuned, utilize the spawning area i mredi ately
upstream fence operation should provide a useful index of abundance.
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| nt roducti on

The interception of steelhead in the m x-stock commerci al sal non
fisheries near the Skeena River has becone one of the nost difficult and
controversial fisheries managenent issues in British Colunbia. Froma
managenent perspective, sone of the difficulties could be alleviated if
stock nmonitoring prograns could be inproved so that consensus coul d be
reached with respect to the status of steel head stocks. Presently, the
nost useful information on steel head stock trends cones fromthe
Department of Fisheries and Oceans’ test fishery |located at Tyee, however
there is disagreenent as to its relationship to steel head abundance.

Anot her shortcomng is that the Tyee test fishery sanples the aggregate
stock of steel head and the neans of identifying individual stocks has not

been fully devel oped.

In general, accurate nonitoring of individual Skeena steel head stocks
is very difficult because nost of the tributary streans in which steel head
overwi nter or spawn are either too large or too turbid and debris |aden
when steel head occur in them An exception is the upper Sustut River where
a conbi nation of fence counts and snorkel surveys has provided very
accurate stock abundance information for the past two years (Bustard 1993;
Sai noto 1993). Opportunities for weir or snorkel enunerations in other
| ocations in the Skeena watershed are very limted. Therefore, past
efforts of estimating stock abundance have been based on mark recapture
met hods using angling as a fish capture techni que. Exanples include
studi es on both the upper and | ower Sustut rivers (Spence et al. 1990) and
t he upper Babine River (Pinsent 1971; Wately and Chudyk 1979). In 1992-
1993, Fisheries Branch staff conducted another mark recapture experinent
on the upper Babine R ver which is described in the follow ng report.
Recommendati ons regarding future stock nonitoring attenpts on the Babine
popul ati on are i ncl uded.



Met hods

The Study Area

The Babine River is 97 kilonmeters in length fromthe outlet of
Ni | kitkwa Lake to the confluence with the Skeena River (Figure 1). The
river is headed by N | kitkwa and Babi ne | akes which together constitute an
extrenely | arge headwat er catchment area. As in many other |arge | ake
outlets in British Colunbia, the physical and chem cal stream
characteristics of the Babine River provide productive habitat for many
speci es of salnonids and particularly steel head. However, the productivity
of the Babine |ikely decreases as it noves downstream because the three
| argest tributaries are glacial: the N Ikitkwa and Shel agyote rivers and
Shedi n Creek (Sebastian 1988). In general, the nost inportant spawning and
rearing habitats appear to be concentrated in the upper portion of the
river. The nost productive tributaries for steel head rearing are two non-
glacial streans |ocated near the | ake outlet: N chyeskwa and Boucher
creeks (Sebastian 1988). In addition, the nost inportant spawning area for
Babi ne steelhead is |located at the outlet of Nilkitkwa Lake near the
confluence of Boucher Creek (Beere 1991). The upper section of the river,
whi ch spans over a 20 kiloneter distance fromNi | kitkwa Lake, is also
considered to be one of the main overwintering areas for adult steel head.
However, steelhead are al so known to overw nter in downstream areas and
sonme may even overwinter in N lkitkwa Lake itself. The mark recapture
study was conducted on overwintering steel head in this upper section of
river only (Figure 2).0

The Application of Mark Recapture Methodol ogy using Angling as a Fish
Capt ure Techni que

Taggi ng data collected by angling guides, their clients, vol unteer
angl ers, and Fisheries staff during the fall fishing season (Septenber-
Novenber, 1992) was used as the first sanple of the mark recapture
experinment. This taggi ng phase was not specifically designed for a mark
recapture study but was instead part of an ongoing taggi ng program ai ned
at refining the understanding of stock specific run timng. It was assuned
t hat tagged
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steel head were well dispersed in the study area because angling effort was
roughly distributed throughout the entire area and because sone degree of
in-stream fish novenent was expected. It was al so assuned that tagged
steel head remained in the study area to overw nter and that the popul ation
was closed after the conpletion of the initial marking phase (ie. upon
conpl etion of steelhead inmgration to overwintering areas). Nunbered
anchor tags were used in order to identify individual fish upon recapture.

The initial tagging phase was conpleted prior to the design of the
mar k recapture study and therefore these data were used to estinate
subsequent sanpling requirenents. A total of 473 tagged steel head were
assuned to be present in the upper river area prior to commencenent of the
spring sanpling. This marked popul ation originated mainly from applying
tags in the study area although sonme fish had been tagged further
downstream Based on this, predictions were made about the subsequent
sanpling required to achieve a 95% confidence |imt that would deviate no
nore than +-25 % of the true popul ation size using the Petersen nmark
recapture nethod (R cker 1975; Robson and Regier 1964; Table 1).

Table 1. Subsequent sanple sizes needed to achi eve 95% confidence |limts
that are +-25% of the popul ation size given that 473 steel head
were initially marked (Petersen nethod).

Nunber in popul ation Nunber exam ned for marks
1000 65
2000 190
5000 550

Two previous popul ation estimates of upper Babi ne steel head (Pinsent
1971; Whately and Chudyk 1979) indicated that the overw ntering
popul ati ons consi sted of approximately 2000 individuals. Therefore,
subsequent sanpling was designed so that at |east 190 steel head were
exam ned for a Petersen estimate. In addition, field sanpling nethods were
designed so that it would be possible to apply nmultiple census nethods to
a closed population as well as single census nethods. This was consi dered
i nportant because nultiple census nethods



tend to produce nore accurate estimates of population size, it allows for
sone insight as to the violation of assunptions, and provide for nore
conpari sons between different mark recapture estimates. The multiple
census net hods used included the Oiginal Schnabel, Mdified Schnabel
(Chapnman’s), and Schumacher (Ricker 1975; Krebs 1989;).

In the spring, there was a short period prior to spring freshet (late
March to md April) when air tenperatures were at |east near zero and
wat er conditions were still [ow and clear. Such early spring conditions
typically occur throughout the inland tributaries of the Skeena and
provi de an excel |l ent opportunity to sanple overwintering fish by angling.
It was at this tinme that Fisheries staff conducted the two subsequent
sanples of the mark recapture study. The sanpling effort for the two
recapture phases was conducted systematically in order to mnimze the
potential for violation of mark recapture assunptions (i.e. that the
popul ation size is constant without recruitnent or |osses, that marking
i ndi vi dual s does not affect their catchability, that animals do not |ose
mar ks bet ween sanpling periods, that the sanpling is random and that al
i ndi vi dual s have an equal chance of capture in any given sanple).

In order to achieve the desired distribution of effort, the upper river
was divided into four sections that contained about equal anounts of
hol di ng water; each section containing enough hol ding water to occupy two
anglers over a long days’ effort (Figure 2). Drifting the river with
rubber rafts or drift boats was considered the best node of transportation
for this application. Based on past experience by regional staff, each
participant was expected to capture approximately 30 steel head per day.
Gven that it would require 8 angler days to cover all four sections of
river, it was expected that approximately 240 steel head woul d be exam ned
in each of the subsequent sanples. This was nore than adequate to achi eve
the appropriate statistical accuracy (Table 1).

Anot her assunption of particular concern was that angling and taggi ng
may affect the vulnerability of those fish to recapture. Although a few
fish seemto exhibit a remarkable susceptibility to angling, it was
assuned that fish were generally less vulnerable to capture imredi ately
followi ng rel ease. Therefore, a rest period between sanpling periods was



necessary to mnimze this effect. The rest period between the first
sanpling period (Septenber to Novenber) and second sanpling period (early
April) was considered to be nore than adequate especially since sport
angling was closed from January 1 to June 15. The rest period between the
second and third sanple was nmuch shorter in duration because both sanples
had to be taken prior to the onset of freshet (late April). In order to
maxi m ze the rest period between the second and third sanple and at the
sane tinme mnimze the risk of an early freshet, the sanples were
conducted on April 6-8 and April 14-16.

Resul ts and D scussi on

Sampling Effort

The sanpling nmethods for the two spring sanpling periods were
intended to mnimze the potential violation of mark recapture
assunptions. Even though the designed precauti ons were conceptually sound,
there were sone shortcomngs in practice. The nobst apparent was when four
anglers (using nore than one boat) were fishing at the sanme tine (Table
2). Anglers that continued to drift downstream ahead of other anglers
created difficulties for those foll owi ng because the foll owers were unable
to determ ne whether certain runs were sanpled. |nprovenents to address
this could be easily be made by either |eap frogging or assigning certain
areas to each angling party before starting.

Si ngl e Census Esti nates

St eel head recaptured during the sane sanpling period that they were
tagged were not considered “recaptures” for popul ation estination. There
wer e numerous instances where fish were recaptured in the sane sanpling
period that they were tagged, however including these as “recaptures”
woul d have bi ased the popul ation esti mtes and the cal cul ati on of
confidence limts.

Pet ersen estimates were calculated using three data set variations
(Table 3). Since



Table 2. The distribution of sanpling effort.
Sanpl e Dat es Ri ver Secti on Effort (angl er days)
1 Sept. 13 — Nov. 20 Al l ?(approx. 200-300)
2 April 6 1 2
April 7 2 and 3 4
April 8 4 2 (4 anglers over Y% day)
3 April 14 1 2
April 15 2 and 3 4
April 16 4 2 (4 anglers over Y% day)
Table 3. Single census, nmark-recapture estimates for the Babine River,
1992-1993, using 3 data set variations.
First sanmple Second sanpl e
(Sept. 13- April 6-16 April 6-8 April 14-16
Nov. 20) sanpl es sanple only sanple only
No. captured 473 412 236 176
No. recaptured 0 4 30 17
Pet er sen - 4077 3623 4660
estimate
95% C. L. - 3266-5396 2688-5234 3072-7915




two recovery sanples were taken in the spring, calculations were nade
usi ng each sanpling period separately as well as conbining them For the
first recovery sanple (April 6-8), the nunber of fish exam ned exceeded
the predicted requirenment that should have ensured that 95% confi dence
limts be approximately + -25% of the estimated popul ation size. The
nunber of steel head captured in this sanple was 236 which exceeded the
predi cted requirenment of 190. However, because the popul ati on estinmate was
considerably greater than the expected 2000, the confidence Iimts that
resulted were al so greater than +-25% of the popul ation estimte. The
estimate calculated fromthe first recovery sanple had confidence limts
that were +44% and -26% of the estimte (3623 steel head). The confidence
limts for the estimate resulting fromthe conbination of the two spring
sanples varied the |east (+32% and -20% because conbi ni ng sanpl es
produced the | argest sanple size.

Robson and Regier (1964) recommended that the followi ng be true in order
be sure that Petersen estimates do not underestimate popul ation size:

No. captured in first sanple * No. captured in second sanple > 4 *
Popul ati on estinate

This condition held true for all of the estimtes and therefore they
shoul d be accurate if mark recapture assunptions were not viol ated.

Mul tiple Census Estimates and I nferences about the Viol ation Mrk
Recapt ure Assunptions

Mul ti ple census estimtes were consistently |ower than the single
census estimates and were all very simlar (Table 4). Seber (1982)
recommended the Schumacher estimate as the nost robust and useful one for
mul ti pl e censuses on cl osed popul ati ons.

In order to further investigate the possible violation of mark
recapture assunptions, a regression of the proportion of recaptures in a
gi ven sanpl e versus the nunber previously marked was plotted (Seber 1982;
Krebs 1989; Figure 3). This regression nust pass through



Tabl e 4. Mul tiple census mark recapture data for the Oiginal Schnabel,
Modi fi ed Schnabel, and the Schumacher nethods and the
resulting estimtes.

Dat es No. captured No. tagged No. recaptured
Sept . 13- Nov. 20 473 473 0
Apr. 6-8 236 206 30
Apr. 14- 16 176 139 37
Schumacher esti mate: 3407 (95% C. L. 2636-4817)
Origi nal Schnabel estinate: 3450 (95% C. L. 2261-7273)
Modi fi ed Schnabel (Chapman’s) estimate: 3399 (95% C. L. 2717-4381

Poi sson di stri bution)

Table 5. Summary of mark recapture estimates for the upper Babine River,
1992-1993.

Met hod Popul ati on estinmate 95% confidence limts
Pet er men; 4077 3266- 5396
Pet er men; 3623 2688- 5234
Pet er mens 4660 3072-7915
Origi nal Schnabel 3450 2261-7273
Modi fi ed Schnabel 3399 2717-4381
Schumacher 3407 2636- 4817
Tanaka 2083 N A

the origin and will be linear if mark recapture assunptions are not

vi ol ated. Because only a m ni mum nunber of sanples were collected for
mul ti pl e census application, determ ning whether the regression was curved
was difficult. The data avail abl e suggested a slight upward curve which
coul d have easily resulted fromsanpling variability. However, assum ng
that the curved regression resulted fromviolation of mark recapture
assunptions, a corrective nethod was applied to the data (Tanaka' s nodel,
Seber 1982; Figure 4). The resulting popul ation estimte using Tanaka’s
nodel was 2083 which is considerably | ower than any of the other estimates
(Table 5). Confidence |limts for this nmethod could not be cal cul ated
because the sanple size was too snmall (df=0) and therefore Tanaka s
estimate was not considered to be very reliable. However, this result
gives and indication as to the
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potential inaccuracy of single census mark recapture estimtes and
mul tiple census estimates that are derived froma very few nunber of
sanpl i ng peri ods.

It is not possible to determ ne whether mark recapture assunptions
were violated or if the results as displayed in Figure 3 were sinply due
to sanpling variability. Intuitively, the possible violations that would
cause the regression in Figure 3 to curve upward include the foll ow ng:

(1) WMarked fish emigrated fromthe study area into Nilkitkwa Lake to

overw nter.

(2) WMarked fish were harvested fromthe study area between the first
and second sanpling period. There were two reports of Natives
harvesti ng Babi ne steel head over the winter nonths (R S Hooton,
pers. comm). One of the reports estimated the harvest to be 500
whil e the other estinmated 300. According to Figure 3, the renoval
of approximtely 60 tagged fish between the first and second
sanpling period would account for the curved rel ationship. The
ratio of 60 tagged fish in a catch of 300 or 500 is realistic
according to the catch rati os experienced in sanples tw and
t hree.

(3) Total nortality resulting frompredation or disease was greater
in the interval between the first and second sanple as conpared
to the interval between the second and third sanple. This could
be attributed to the long interval between the first and second
sanpl e conpared to the second and third sanpl e.

(4) Tag | oss was proportionately higher between the first and second
sanpl e conpared to the second and third sanple. Assum ng that tag
| oss between the second and third sanples was negligible, a 12%
tag loss in the first sanple of 473 would account for the curved
relationship in Figure 3. Tag | oss would be relatively easy to
assess in future tagging exercises by using two marki ng nethods
si mul t aneously. An opercular punch in conbination with a floy tag
woul d is one option that has worked well in other steel head
studies (R S. Hooton, pers. comm).

There was no indication that fish captured in the second sanple were
any less vulnerable to capture in the third sanple. This was a concern
whi ch was addressed in the sanpling design by allow ng for a maxi numrest
period. If this effect was a najor factor, Figure 3 should have suggested
a descendi ng rather than an ascendi ng curve.

Wth the exception of tag |oss, all of the above possibilities would
be very difficult to assess in any future taggi ng exercises. Redesigning
t he sanpling schene so that al



sanples were collected in the spring woul d address sone of the other
possi bl e probl ens nanely Native harvest, predation, disease, and mgration
into Nil kitkwa Lake. However, conducting all of the sanples in the spring
is unrealistic because of the narrow w ndow between unsuitable air
tenperatures and unsuitabl e streamfl ows.

Future Stock Monitoring Considerations

The nost serious problemin estimating the overw ntering Babine R ver
st eel head popul ation is not necessarily the accuracy of the mark recapture
estimate(s) but the uncertainty about the year to year variability in the
distribution of adults. It is known that the upper river consistently
attracts adult steel head, however it appears that a variable proportion of
t he popul ation overwinters in downstream areas. Beere (1991) confirned
t hat steel head destined to spawn in the nmai nstem outl et near the Boucher
Creek confluence overwintered in areas downstream of upper river area. It
is believed that the annual variability in distribution can be attributed
to annual variation in streamflows (R Tetreau and R S. Hooton, pers.
comm ). For instance, angling guide reports from 1992 suggested that a
relatively larger proportion of the steel head popul ati on overwintered in
t he upper reaches whereas in 1990 and 1991, steel head appeared to be nore
evenly distributed between upper and |l ower river areas (unpublished data).
Also, it is not known whether a significant proportion of the popul ation
overwinters in Nilkitkwa Lake or if there is any annual variability in
this proportion. Intuitively, it seens |ikely that the proportion of the
Babi ne popul ation that overwinters in the upper 20 kiloneters of the river
may vary fromyear to year. Therefore, an annual census of this portion of
t he popul ation al one would be of limted use for stock nonitoring
pur poses.

Br oadeni ng t he geographi cal scope of the survey would correct for the
vari abl e distribution problem however this is not considered to be
| ogistically feasible since the Babine is 97 kilonmeters in | ength and
access is extrenely difficult. Much of this work would have to be
conducted by helicopter and woul d therefore be extrenely costly. The
addi tional man days associated with taggi ng and recovering tags over such
an extensive area woul d al so be prohibitive.



Beere (1991) indicated that a | arge percentage of the Babine
popul ati on spawns in the mainstem outl et near the Boucher Creek
confluence. This spawning area is |ocated upstreamof the fish counting
fence which is used primarily for sockeye enuneration during the sunmer.
There is a reasonable possibility that the fence could be operated during
the early portion of spring freshet when steel head mgrate from
overwi ntering to spawning areas. If the fence captures steel head
effectively without deterring upstream novenent and if a relatively
constant proportion of the total Babine River steel head spawners do
utilize the area inmediately upstream enuneration could provide a useful

i ndex of the popul ation.
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