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ABSTRACT 

From July 2 1 to September 13, 1997, we operated a meir belom the outlet of Larson Lake, a 
major producer of sockeye salmon Oncor/7ynchr~~ nerka in the Susitna R i ~ e r .  Daily counts of the 
sockeye escapement resulted in a total census of 40.282, with an estimated 55.7% (22,435) 
females and 44.3% (17,844) males. The mean mid-eye to tail fork length (MEF) was 493 rnrn (f 
0.7 mm) for females and 530 mm (+ 1.1 mm) for males. The escapement was dominated by age 
1.2 (53.5%) and age 1.3 (36.1%) fish. The 1997 escapement was slightly higher than 
escapements observed in the mid 1980s, which ranged from 16,753-37,874. The ratio of Larson 
Lake to Yentna River (sonar-derived) escapements has remained fairly constant. suggesting that 
the sonar estimates can be used to index sockeye salmon escapements in the Susitna River. We 
also conducted a mark-recapture (M-R) experiment to assess assumptions involved in recovering 
tagged sockeye salmon from their spawning grounds. A constant proportion of the escapement 
(9.1%) was marked with spaghetti tags at the weir and 25% of these fish received a secondary 
jaw tag. Secondary tagging also included 250 fish fitted with a plastic-tipped dart tag. Tag 
recovery was conducted by beach seining the spawning grounds of Larson Lake over eight 5-day 
periods in six areas. Of the total sockeye escapement (40,282), 8,170 (4,429 females and 3,741 
males) were caught in the spawning grounds, a capture efficiency of 20.3%. Sex composition of 
recaptured and untagged fish captured in the spawning grounds did not differ from the weir 
estimate (P > 0.10). However, MEF distributions of both sexes differed significantly between 
the weir and recovery samples (K-S test; P < 0.0 l) ,  indicating that size selectivity occurred in the 
spawning ground surveys. Smaller fish were captured in the spawning grounds and the 
difference was more pronounced in males than females. Dual tagging experiments indicated that 
males lost 21% of their spaghetti tags while females lost none of their spaghetti tags. M-R 
estimates of the tagged proportion and capture efficiency Lvere generally lower than the 
meir-derived estimates (P < 0.05), which resulted in an over-estimate of the escapement. For 
exarnpie, the M-R estimate based on ail tagged fish was 56,3 15. whxh is 40% h~gher  than the 
ue i r  count. M-R estimates using dual tagged fish often increased the bias, indicating that 
secondary tagging affects catchability. However, after correcting for tag loss of fish without 
secondary tags, the ivi-R estimate of maie escapement (i8,6i3) was oniy 4.3% higher than the 
~vei r  estimate. Because females had no missing spaghetti tags, the M-R estimate of 29,437 
females was still 3 1 % higher than the weir estimate. The combination of tag loss and tagging 
effects on catchability, which differed between males and females, resulted in a M-R escapement 
estimate that was biased high. Therefore, the type and method of primary and secondary tagging 
may be critical to the success of M-R studies if recovery sampling is conducted in spawning 
grounds. Our preiiminary experience with dart tags suggests that they are retained as well as 
spaghetti tags, require minimal handling to attach, and have little affect on recapture probability. 
Size selectivity in the spawning ground survey indicates that stratified sampling should be used. 
When designing a M-R study, other types of recovery sampling should be considered, such as 
fish\\ heels or weirs. 



INTRODUCTION 

Management of the mixed-stock fishery in Upper Cook Inlet. Alaska (Figure 1) relies on r i~erine 
sonar to estimate adult salmon escapements in three major watersheds: the Kasilof. Kenai. and 
Yentna Rivers (Ruesch and Fox 1997). The primary objective of the Yenta River sonar program, 
which has been conducted since 198 1 (Davis and King 1997), is to estimate sockeye salmon 
Oncorhynchtts nerka escapements as stipulated by the Alaska Board of Fisheries. These data are 
used to index escapement trends in the whole Susitna River drainage. Data collected during the 
Susitna Hydrological (Su-Hydro) feasibility studies in the 1980s indicated that sockeye salmon 
escapement in the Yentna River represents a fairly constant proportion of the escapement in the 
Susitna River drainage (Pers. Comm., Ken Tarbox, Alaska Department of Fish and Game. oral 
report to the Alaska Board of Fisheries Committee, February 1998). However, a recently 
submitted state senate bill (SB 40) proposed that the Alaska Department of Fish and Game 
(ADFG) enter into discrete stock management as opposed to mixed-stock management of Upper 
Cook Inlet commercial fisheries. To achieve this goal, both stock and sub-stock specific 
escapements within Upper Cook Inlet would require evaluation. 

The Susitna River watershed, which originates in the mountains of the Alaska Range about 145 
km south of Fairbanks, comprises approximately 49,200 km? It flows southwesterly for about 
400 km before entering Upper Cook Inlet west of Anchorage (Figures 1 and 2). The three largest 
tributaries of the Susitna drainage are the Yentna. Chulitna, and Talkeetna Rivers. Larson Lake 
(62"201N; 149"53'W), at the head of Larson Creek (Figure 2), is considered the largest producer 
of sockeye salmon in the Talkeetna drainage. Weir counts of escapements in the mid-1980s 
ranged from 16,753 to 37,874 (Marcuson 1984, 1985, 1987, 1988). An estimated 520,270 fry 
reared in the lake in 1994 (King and Walker 1997). 

This project was designed to enumerate the escapement of sockeye salmon into Larson Lake in 
1997 by counting the number of fish passing a weir placed in Larson Creek. In addition, we 
compared Larson Lake escapements with Yentna River sonar estimates using the 1997 data and 
data collected in the mid-1980s. This analysis was conducted to help evaluate the Yentna River 
sonar estimate as an indicator of discrete stock escapements as well as an index of the total 
sockeye escapement in the Susitna River. 

This project was also designed to assess the efficacy of using mark-recapture (M-R) techniques 
to estimate sockeye salmon abundance. A M-R experiment was conducted by tagging a portion 
of the escapement at the weir and recovering tagged fish in spawning grounds around the 
perimeter of the lake. We evaluated M-R assumptions required for an unbiased abundance 
estimate. Characteristics of fish captured in the spawning grounds were compared to fish 
collected at the weir to assess sampling selectivity. To evaluate the assumption of no tagging 
effects on catchability, we (1) compared the proportion of fish tagged at the weir with the 
proportion of tagged fish recaptured in the recovery survey, and (2) compared the proportion of 
the escapement sampled in the spawning grounds with the recapture rate of tagged fish. DuaI 
tagging methods were used to estimate tag loss. In addition, sampling was stratified temporally 
and geographically to further assess the M-R methods. Finally, M-R population estimates were 
compared with the weir count to quantify overall bias in the IM-R technique. 



METHODS 

Weir Operations 

A Lveir was installed in Larson Creek on July 18, approximately 15 m downstream from the 
Larson Lake outlet (Figure 3). The weir was very similar to one described in Anderson and 
McDonald (1978) and consisted of two horizontal stringers fabricated from 7.62 cm (?-inch) 
aluminum angle. drilled with 3.18 cm (I I /? inch) holes on 6.35 cm (2% inch) centers. The 
stringers were supported every 3 m with tripod frames constructed from heahy drill pipe - 5 cm 
(2 inch) x 1.8 m - with two 2 m wooden support legs. Aluminum pickets - 1.13 cm (1 % inch) x 
1.5 m - were then fitted through the top and bottom stringers. The weir spanned the entire 
distance of the stream. approximately 11 m. The maximum depth of the creek at the time of 
installation was only 5 1 cm and, although flow rates were not measured, stream velocity was 
minimal. The streambed was composed primarily of strewn boulder which, combined with the 
low flow rate of the creek, made for a very stable and fish-tight weir. 

A small holding area (1.8 m x 2.4 m) was constructed in front of the weir using aluminum- 
perforated plate. Pickets were removed from the weir to allow fish to pass either into the lake or 
into the holding area, where sampling for age, length, and sex (ALS), and tagging took place. 

Fish were passed and counted throughout the day and into the evening until darkness. If sport 
fishermen or other people were observed around the weir, ADFG personnel remained on site to 
prevent tampering. Climatic data, including air and water high and low temperatures, cloud 
cover, wind direction. and approximate wind velocity were collected every 24 h. 

ALS crnd Tagging 

Every 10"' fish that passed through the weir was diverted into the holding area where it was 
netted and identified by sex, measured mid-eye to tail fofk iength (MEF) to the nearest 5 mm, 
and fitted with at least one external tag. Every hundredth fish (1% of escapement) also had 
scales removed from the preferred area (Koo 1955) for age determination (Tobias et al. 1996). 
Physiological aberrations such as net scars or gashes as well as state of ripeness were also 
recorded. 

All fish held for tagging received a 30.5 cm spaghetti tag ( ~ 1 0 ~ '  FT-4) fined in its back near the 
posterior dorsal fin terminus. A stainless steel applicator was used to pull the tag through the 
flesh and tags were affixed using an overhand knot that was firmly cinched against the back of 
the fish. All spaghetti tags were sequentially numbered. The tags were also color coded to aid 
temporal stratification of the run. Tag color was changed after application of every 5 0 0 ' ~  tag in 
the order orange, yellow, pink, white, green, gray, and brown. 

Three different combinations of secondary tags were used to assess spaghetti tag loss: (1) every 
fourth spaghetti-tagged fish was fitted with a small, sequentially numbered metal jaw tag 
(National Band and Tag CO.', style 681), (3) the second color group of spaghetti tags (yellow) 
lvere adipose fin-clipped: and (3) the first 250 fish of the third spaghetti tag color (pink) receiwd 



a 12.5 cm sequentially-numbered dart tag ( ~ a l l ~ r i n t "  No. 2. plastic-tipped). Jaw tags, which 
tvere the main secondary tag, were V-shaped and affixed with a specialized pair of pliers that 
folded and locked the tab on one side through a hole in the other side. These tags were placed 
either in the back corner of the mouth or on the lower jaw near the front of the mouth. The 
plastic tipped dart tags were constructed from a cylindrical printed and numbered marker, 
molded to a plastic barbed head. After insertion with a stainless steel applicator, the tag 
remained embedded in the flesh. Dart tags were affixed approximately halfkvay between the 
lateral line and the posterior terminus of the dorsal fin, just posterior to the spaghetti tag 
insertion. 

Initially weir leakage was estimated by releasing all tagged fish behind (downstream of) the weir 
and then identifying each tag number as it passed back through the weir. However, this 
procedure was abandoned after the first release group due to a few days of abnormally high 
water temperatures which are believed to have caused fish to perish in the first 500 m below the 
weir. 

Tag Recovery 

The perimeter of Larson Lake was divided into six geographical areas (Figure 3) that were 
sampled on a 5-day rotation. A 50 m x 4 m seine was used to capture fish on their spawning 
grounds. The seine was deployed from the bow of a 5 m (16 ft) skiff by stationing one person on 
the beach and backing the boat in a semi-circle around the fish and back to the shoreline. Each 
end of  the seine was then "pursed to the beach. The following data were recorded for each set 
of the net: stadstop time, area sampled, number of untagged fish, number of tagged recaptures, 
and the number of fish previously captured in the seine. The sex. MEF, and condition were 
recorded for all first-time captures of untagged fish. Fish condition consisted of noting tvhether 
it was ( I )  alive and not spawned out, (2) alive and spawned out. (3) dead and not spawned out, or 
(4) dead and spawned out. First-time captures tvere all marked by hole punching (regular paper 
punch) both the adipose fin as well as multiple punches in the caudal fin. All captured fish were 
inspected for the presence of one of the three tags (spaghetti. jaw, or dart) as weii as noting if the 
adipose fin was missing. All tag numbers, colors, and types were recorded. Each captured fish 
was also carefully examined for the presence of holes in either its adipose or caudal fin that 
would identify it as previously captured, in which case it was counted but no measurements were 
taken. Each area was sampled until less than 10 fish were captured per set. Spat\-ning ground 
surveys were terminated when capture rates of previously sampled fish exceeded 80% for three 
consecutive sampling periods or when the number of tagged fish captured in one sampling period 
from all areas was less than 30. 

Data Analysis 

Size and Composition 

Adult sockeye salmon were sampled in proportion to the weir count - approximately every loth 
fish for MEF and sex, and every 100 '~  fish for age con~position (scale samples). Therefore. bve 
assumed a simple random sample for estimating mean MEF and sex and age composition of the 



population. Mean MEF and the variance were estimated as follows for males and females and 
the seses combined: 

-- 1" ME< 
?blEF = ;=I and 

where n is the sample size of sockeye salmon collected at the weir and k indexes the group 
(male, female, or both). Sex and age-class proportions were estimated as follo~vs: 

with variance estimate 

~vhere j indicates either age or sex composition. k indexes the gender or age-class being 
estimated, n is the sample size, and 14 is rhe size of the sockeye salmon population counted 
through the weir. 

ilhrk-Recap~ure Estimation 

We used Chapman's (195 1) modification of the Peterson M-R method, as described by Seber 
(1 982), to estimate sockeye salmon escapement: 

with variance estimate (Seber 1970) 

~vhere is the estimated abundance of adult sockeye salmon on the spawning grounds, mi is the 
number of adults tagged at Larson Creek weir, nl is number of sockeye saimon inspected for tags 
on the spawning grounds, and rnl is the number of fish with tags collected on the spawning 
crounds. In addition to estimating the population abundance using a single M-R experiment, we - 



computed separate estimates for males and females and applied the method to various subsets of 
the data (e.g., fish without secondary tags). We also defined the following: 

where /i , the proportion of tagged fish in the recovery survey, is the estimate of the proportion of 
tagged fish in the sockeye population 

The recapture rate, g ,  is the estimate of capture efficiency or proportion of the population 
captured in the spawning grounds 

These variables were used to help assess M-R assumptions. 

Murk-Recapwe Assessmertr 

The following assumptions were necessary for an unbiased M-R estimate of the abundance of 
adult sockeye salmon population passing the Larson Creek weir: 

1 .  (a) all sockeye salmon have an equal probability of being tagged at the weir, or (b) all 
sockeye salmon have an equal probability of being inspected for tags in the spawning 
grounds, or (c) tagged fish mix completely with untagged fish between sampling events; 

2. the population is closed, therefore the total escapement is constant; 
3. all tags are reported on recovery in the second sample; 
4. tags are not lost between sampling events; and 
5 .  tagging does not affect the catchability of the fish. 

We believe that assumption l a  was satisfied because tagging was conducted in proportion to the 
run and there \vas no indication that subgroups of the population were systematically missed. If 
l a  is true, constant proportions of tagged fish would be expected among sampling areas and 
periods, and between males and females. Chi-square tests (a  = 0.05) were used to test these 
hypotheses. However. these analyses do not necessarily preclude differential effects of tagging 
among strata; therefore, the hypothesis of random tagging could not be explicitly tested. Given 
that assumption I n  is true, assumptions 1 h and l c  were not required for an unbiased abundance 
estimate. Houever, to assess potential selectivity in the spawning ground survey we compared 
sex composition and MEF distributions between the first (weir) and second (lake survey) 



sampling events. Specifically. we compared (1) weir samples and untagged fish sampled in the 
spackming grounds and (2) non-recovered tagged fish and recaptured (tagged) fish. Chi-square 
tests were used to test the hypothesis of no difference in the proportion of males or females. 
MEF cumulative distributions were compared using the Kolrnogorov-Smirnov (K-S) two-sample 
test and means were compared using two-sample t-tests or analysis-of-variance (ANOVA). 
Rejection of the hypotheses of no difference in length frequency distributions would indicate size 
selectivity in the spawning ground survey. 

Assumption 2 was satisfied because sockeye salmon entering Larson Lake had no other means of 
doing so than by passing through the Larson Creek weir, which was intact and fish-tight 
throughout the recruitment period. Field crews were instructed to carefully inspect all fish 
caught in the recovery surveys for the presence of tags (assumption 3 ) .  

Tag loss (assumption 4) was evaluated using dual tagging methods as described by Seber (1 982). 
The proportion of lost spaghetti tags (the primary mark) was estimated as 

where p, is the estimated proportion of lost spaghetti tags, r n ~  is the number of dual tagged fish 
in the recovery sample with a secondary tag (usually a j aw  tag) only, and m;lB is the number of 
dual tagged fish in the recovery sample with both tags present. The number of recaptured fish 
(dual tagged initially) was then estimated as 

where m~ is the number of dual tagged fish in the rzcovery sample hvith a spaghetti tag only. To 
estimate N after accounting for tag loss, r?h was substituted for ml in equation 5 and ml was 
defined as number of dual tagged fish. Tag loss was estimated separately for males and females. 
The above method was also applied to estimate loss ofjaw and dart tags. A correction for tag 
loss was also applied to fish fitted with primary (spaghetti) tags only: 

where r?, was used in equation 5 and nzl was defined as the number of fish spaghetti tagged only. 
This approach eliminated potential effects of the secondary tag on catchability while still 
accounting for loss of the primary tag. 

Tagging may cause increased mortality or modify fish behavior compared to unmarked fish 
(assumption 5). If assumptions 1 4  are satisfied (or corrected for, as in the case of assumption 3) 
and the proportion of tagged fish in the recovery sample differs from the proportion of fish 
tagged at the weir (P), then the assumption of no tagging effects has been violated. We 
computed 95% and 99% confidence intervals to test the null hypothesis of no difference in the 



proportion of tags in the recovery sample and the knocw proportion of fish tagged at the bveir. In 
the case of male and female tagged proportions, which were estimated at the weir. 2-sample 
t-tests were performed. A similar approach was used to assess the tag recovery rate, which 
estimates the proportion of the population sampled in the spabning grounds (15). We also used a 
chi-square test (a  = 0.05) to test for consistency in the recapture rate of tagged fish by tagging 
order (color group). Confidence intervals for the estimate of iV, uncorrected and corrected for tag 
loss, were also computed. These analyses were applied separately to males and females, all 
tagged fish, dual tagged fish, and fish with spaghetti tags only. 

RESULTS 

The Weir 

From July 21 to September 13,40,282 adult sockeye salmon were counted through the Larson 
Creek weir (Table 1). Daily and cumulative counts are shown in Figure 4. Spaghetti tags Lvere 
fitted on 3,663 fish (9.1%) - 2,040 females and 1,623 males. Of these, 9 19 (2.3%) - 503 females 
and 41 6 males - were also jaw tagged; 500 (1.2%) - 233 females and 267 males - were adipose 
fin clipped; and 250 (0.6%) - 126 females and 124 males - were dart tagged. Of the fish tagged, 
2,164 (5.4%) - 1224 females and 940 males - were fitted with only a spaghetti tag. Other 
salmon species counted included 391 (141 through the weir, 250 behind the weir) coho salmon 
Oncorhynchrts kiszitch and 3 chum salmon Oncorhynchus keta. The sex was determined and 
MEF measured on 3,743 fish (9.3% of the escapement). An estimated 55.7% (22,435) of the 
total weir count were females and 44.3% (1 7,844) were males (Table 2). Mean MEF was 493 
mrn for females and 530 mm for males (Table 2). Scales Lvere read on a sample of 357 fish to 
estimate age structure. The escapement was dominated by age 1.2 (53.5%) and age 1.3 (36.1 %) 
fish (Table 3). 

From July 28-30 we recorded water temperatures in Larson Creek that were 26°C or higher, 
which very likely led to the deaths of nearly 1,000 fish in a 500 rn stretch beiow the weir. 
Dissolved oxygen ranged from 8.1-8.7 mgll, which is >99% saturation at 2G°C (Koenings et al. 
1987) and therefore did not appear limiting. Burrows (1963) reported that mortality rates of 
sockeye salmon in the Fraser River were as high as 86% when water temperatures exceeded 
22°C. We observed that fish milling in the warmer water below the ~veir appeared lethargic, but 
increased their activity after swimming into the cooler lake water. Therefore, we removed 
several large rocks from behind the weir to increase the depth, thus allowing fish to swim to the 
weir and hold prior to passing through. Because of the elevated water temperatures we 
discontinued the weir leakage experiment. 

The Yentna River sonar program has been conducted since 198 1 (Davis and King 1997). From 
1984 to 1987 an adult weir was operated by Cook Inlet Aquaculture Association (CIAA) at 
Larson Lake to enumerate the sockeye salmon escapement (Marcuson 1984, 1985, 1987, 1988). 
Figure 5 shows the relationship between Yentna River escapement estimates (sonar) and Larson 
Creek weir escapements (1984-1987 and 1997). Although based on a small sample size (n = 5 ) ,  
the linear association between the sonar estimate and the weir count bvas relatively strong (r' = 

0.65; P = 0.099). The estimated escapement of sockeye salmon in the Yentna River in 1997 was 



157.797 (Davis 1998). The Larson Lake escapement was therefore 2 . 5 %  of the Yentna River 
escapement estimate. This ratio is similar to those observed in the mid 1980s: 24.6% in 1984, 
35.4% in 1985, 35.1% in 1986, and 25.4% in 1987. 

Tag Recovery 

Spawning ground tag recovery surveys were conducted from August 2 1 to September 27 during 
eight 5-day sampling periods from the six geographical areas (Figure 3. Table 4). Adult sockeye 
salmon captures from all periods and areas totaled 9,814, with 8,170 (83.2%) first-time captures 
and 1,644 (16.8%) previously captured fish. The proportion of the escapement that were 
first-time captures ( E )  was 20.3%. Of these captures, 4,429 were females and 3,741 were males, 
capture efficiencies of 19.7% and 2 1.0%, respectively. First-time captures composed the 
majority of the spawning ground surveys until the final sampling period when about 46% of the 
fish had been caught previously. Of the 3,663 fish spaghetti tagged at the weir (2,040 females 
and 1,623 males), 285 (14.0%) females and 245 (15.1%) males were recaptured in the spawning 
ground surveys. Of the 91 9 jaw (+ spaghetti) tagged fish (530 females and 41 6 males), 53  
females (1 0.5%) and 53 males (12.7%) were recovered. Of the 250 dart (+ spaghetti) tagged fish 
(126 females and 124 males), 16 (12.7%) females and 22 (17.7%) males were recovered. Of the 
2,164 fish (1 224 females and 940 males) fitted with spaghetti tags only, 2 16 (1 7.6%) females and 
1 77 (1 8.8%) males were recovered. 

Sampling Selectivity 

Females composed 54.4% and males 45.6% of the untagged first-time captures of sockeye 
salmon in the spawning grounds, which did not differ significantly (P > 0.05) from the weir 
sample (Table 5). Ho%vever, untagged females had a mean MEF of 485 mm while males had a 
mean iMEF 0 f 5 i  i mm, both of which were signiiicantiy ( P  < 0.001) iess than mean 'MEF 
estimates from the weir (Table 5). Figure 6 presents box plots of MEF for males and females in 
each spawning ground area compared to mean MEF estimates from the weir. For both sexes and 
all areas, mean MEF was signiricanrly (r" < 0.61 j iess rhan rhe weir esrimare. Figure 7 compares 
cumulative MEF distributions between the weir and spawning ground samples (all areas and 
periods pooled). Results of K-S tests indicated that the MEF distributions differed significantly 
for both sexes (P < 0.001). although females appeared more similar than males. 

Table 6 compares tagged fish that were not recaptured with tagged fish recaptured in the 
spawning grounds. Analyses were conducted for all tagged fish and those fitted with a spaghetti 
tag only. Results were similar between the two groups. Sex composition did not differ 
significantly (P  > 0.10) between tagged and recaptured fish. Mean MEF of females also did not 
differ significantly (P > 0.10) between tagged and recaptured fish. However, mean MEF of  
recaptured males was significantly less (P  < 0.001) than male fish that were not recaptured. 
Figure S compares cumu1atii.e MEF distributions of all tagged and recaptured fish. K-S test 
results indicated that the MEF distributions differed significantly for both sexes. although 
females (P = 0.007) \vere more similar than males (P < 0.001). Similar results mere obtained for 
fish fitted xvith spaghetti tags only (Figure 9). 



Mark-Recapture Statistics 

The proportion of tagged fish recovered in the spawning ground surveys. p ,  is presented in Table 
7. Temporal and spatial differences in the tagged proportion Lvere detected for both sexes and in 
the total catch. However, after removing period 3 from the analysis, no temporal effects were 
detected ( P  > 0.05). Similarly, after removing Inlet san~ples from the analysis, no spatial effects 
were detected ( P  > 0.05). For fish fitted with spaghetti tags only (Table 8), the only differences 
detected were among periods for females ( P  = 0.009); removal of period 3 from this analysis 
resulted in a non-significant difference (P  = 0.07). 

The recapture rate of tagged fish, i', summarized by tag color is shown in Table 9. Results of 
chi-square tests indicated no overall effect of tagging order on the recapture rate of females, 
males, or both sexes ( P  > 0.05). Also, the recapture rate did not differ significantly between 
males and females ( P  = 0.3 1). Similar results were obtained for fish fitted with spaghetti tags 
only (Table 10). 

Results of the tag loss experiments are given in Table 1 1. Estimated total loss of spaghetti tags 
was 10.6%. However, all spaghetti tag losses occurred in male fish, which lost an estimated 
2 1.0% of their tags. Of the 13 tag losses recorded, only 5 were detected from the 91 9 fish with 
secondary jaw tags while 8 were from the 250 fish with dart tags. Also. these 5 jaw tags were 
positioned on the lower jaw (none were mouth corner positioned). Estimated loss of jaw tags 
was similar between males and females and totaled 9.9%. However. only 2 of the 10 missing 
jaw tags were lower jaw positioned. Although the sample size was small, dart tag loss was 
estimated at 10.6%. The proportion of dual tagged fish in the spawning ground survey, adjusted 
for tag loss, underestimated the proportion of fish dual tagged at the weir for the 3 types of tags 
used in the study. 

Table 12 compares M-R estimates of P (proportion of tagged fish in the population) and E 
(proportion of the population sampled in the spawning grounds) with (1) known values of P and 
E based on the weir count of the total escapement or (2) separate estimates of P and E for males 
and females using sex composition estimates from the weir sample (see Table 2). Results are 
given for all tagged fish, spaghetti tagged only fish, and dual tagged fish (all dual, all jaw, lower 
jaw, and dart tagged). Confidence i n t e n d s  (95%) indicated that the M-R estimates were 
significantly less than the known values of P and E for the total sockeye escapement ( P  < 0.05 
for all tag groups). Similarly, t-tests indicated that M-R estimates of P and E for females were 
significantly less than the weir-derived estimates ( P  < 0.05 in all cases). For males, r-tesh 
indicated that estimates of P and E were significantly lower (P < 0.05) than weir-based estimates 
for all tag groups escept lower jaw and dart dual tagged. 

Figure 10 compares M-R escapement estimates of the six tag groups of female sockeye salmon 
with the weir-derived estimate. In all cases M-R estimates of female escapement were 
significantly greater than the weir-derived estimate (t-tests, P < 0.05), ~vhich was espectcd since 
P and E were consistently underestimated (see Table 12). Figure 1 1 compares M-R escapement 
estimates of the six tag groups of male sockeye salmon with the weir estimate. The M-R 
estimates of males were significantly greater than the weir estimate (t-tcsrs, P < 0.05) for all tag 
groups except lower jaw and dart tagged. For both sexes the difference in abundance estimates 



bet~veeri all tagged and spaghetti tagged only fish can be attributed to the effects of dual tagging 
- particularly jaw tagging in the mouth comer - on the probability of recapture. For the total 
escapement (Figure 12). dual tagging kvith jaw tags resulted in the most severe over-estimate of 
the abundance (74%). while spaghetti tagging only and dual tagging with dart tags resulted in the 
smallest over-estimate (about 30%). 

Table 13 presents the effect of correcting for tag loss of fish fitted with spaghetti tags only on 
M-R point estimates of the escapement; results are given for all secondary tags, all jaw, lower 
jaw, and dart tags. The correction was not possible for female fish (none were found with 
missing spaghetti tags). However, correcting for tag loss in males resulted in escapement 
estimates that were close to the weir-derived estimate of 17,843 male sockeye (see Table 13). 
M-R estimates of the total sockeye salmon escapement were still higher than the weir census 
because of the effect of over-estimating female escapement. 

DISCUSSION 

The Weir 

The 1997 Larson Lake weir project provided the first sockeye salmon escapement data collected 
in this major tributary of the Talkeetna River in 10 years. The total escapement of 40,283 was 
slightly higher than escapements recorded in the mid 1980s: 35,254 in 1984, 37,874 in 1985, 
33,333 in 1986, and 16,753 in 1987 (Marcuson 1984, 1985, 1987, 1988). The escapement was 
dominated by fish that reared one year in freshwater (90%; Table 3). which is similar to previous 
years: 97% in 1984,67% in 1985,95% in 1986, and 94% in 1987. 
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I ne iarson Creek weir counts were moderateiy correlated with escapement estimates from the 
Yentna River sonar program (Figure 5), \~h ich  suggests that the sonar estimate indeses 
sub-stocks, therefore the total escapement, of sockeye salmon in the Susitna River. 
Aitemativeiy, this suggests that weir counts of major spawning tributaries can be used to index 
the total escapement of sockeye salmon in the Susitna drainage. 

Although we abandoned the weir leakage experiment because of high water temperatures, we 
believe that weir leakage was highly unlikely. We experienced none of the problems typical of 
other weir projects. The outlet of Larson Lake is quite shallow with minimal flow and has as an 
excellent substrate (strewn boulder) for operating a weir. No problems with bears were 
encountered and stream velocities never posed even a minor threat to weir stability. 

Tagging and Recovery 

Other than the initial problem with high water temperatures, the tagging phase of the study went 
smoothly and the goal of (spaghetti) tagging in proportion to the daily escapement was easily 
met. Tag recovery in Larson Lake was relatively simple because there is only one spawning 
tributary feeding the lake where fish were captured as they held in shallow water before entering 
the stream. The majority of spanning took place in shoals on the northern and eastern shoreline, 



areas that were easily accessible to beach seining. This allowed us to sample more than 30% of 
the total escapement, which is probably quite high for a M-R study. 

Our data indicated that only a small segment of the spawning population was available for 
capture during any single time period. Captures of reviously sampled fish never exceeded 20% R until period 6 and exceeded 45% only in the last (8' ) sampling period, which cvas shortened to 
two days. This suggests a pattern of fish moving into the spawning grounds for a relatively short 
period of time, dying, and then being replaced by new spawners moving in from deeper areas of 
the lake. This cycle of spawner replacement continued throughout the entire season and is 
important not only for M-R studies, but for fishery managers who rely on aerial counts of 
spawning grounds for escapement information. Quinn and Foote (1 994) looked at how body size 
and sexual dimorphism of sockeye salmon in Iliamna Lake influenced reproductive success. 
They reported that mortality rates of males and females were similar but females remained on the 
spawning grounds slightly longer than males - 7.4 days versus 6.8 days. If spawning takes place 
over a period of about six weeks, it is likely that only 15-20% of the population would be 
available for capture or counting at any point in time. 

The rationale for using jaw tags as the (main) secondary mark was that they are not easily shed 
since they are small and not external to the body. Other studies have shown that jaw tag losses 
are minimal (MacCrimmon and Robbins 1979; Slatick 1976). Initially we placed the jaw tags in 
the back corner of the mouth; however, we noted that this placement partially restricted mouth 
closure. Therefore, placement of the tag was moved forward in the mouth, on the lower jaw of 
each fish. This placement did not appear to interfere with mouth closure, but the tag was now 
perpendicular to the lower jaw, possibly making it more susceptible to snagging in the seine. 
One unexpected result of using jaw tags was that 5 spaghetti tags were counted as missing due to 
the presence of a jaw tag, while 10 jaw tags were missing based on spaghetti tag recoveries. 
These results suggest that jaw tags are not as reiiabie as initiaiiy assumed, aithough this may nor 
necessarily be the case. Seining crews were instructed to observe all fish for the presence of 
tags. but it is possible that some jaw tags reported as missing went unobserved. In one instance a 
spaghetti-tagged fish was captured and no jaw tag was recorded. k few days iater the same fish 
was captured again, but this time a jaw tag was observed. Therefore, it is possible that some jaw 
tags were incorrectly reported as missing. We also found that only 2 of the 10 jaw tags reported 
as missing were positioned on the lower jaw. These tags were more visible and thus easier to 
observe. Furthermore, it is quite possible that the 2 missing lower jaw tags may have been 
pulled out by the seine. This occurred in one set when a jaw tag (with tissue attached) was found 
in the seine and matched to a fish that was bleeding in the mouth where the tag had recently 
pulled loose. Furthermore, if some jaw tags were not detected it is likely that spaghetti tag losses 
were underestimated. Only 5 of the 13 observed spaghetti tag losses were attributed to the 919 
fish with jaw tags, while 8 were from the 250 fish with dart tags. These 5 jaw tags were all 
positioned on the lower jaw (none in the mouth corner). Dart tags were easier to detect than jaw 
tags and thus we believe that this disparity indicates that some spaghetti tag losses were missed 
because of unobserved jaw tags, particularly those in the mouth corner. 

All 13 spaghetti tag losses were attributed to male fish, while dart and jaw tag losses occurred in 
both males and females (Table 1 1). McPhcrson et al. (1  997) also found that spaghetti tag losses 
from medium-sized chinook salmon Oncor/7y~chus rshcniytschrr were unique to males. This 



anomaly may be related to sesual dimorphism of male salmon at maturity. Male sockeye 
develop an exaggerated dorsal hump, ~vhich may hasten tag loss. We tagged the majority of our 
fish in bright or semi-bright condition before the humps formed. Therefore, as the hump became 
more prominent, spaghetti tags that were tightly cinched against the fish back could have tom 
loose. Another viable explanation involves behavioral patterns exhibited by spawning males. 
Schroder (I 98 1). Fleming and Gross (1 994), and Quinn and Foote (1 994) reported that rigorous 
intra-sexual spawning competition occurs between males for access to ripe females. It is 
plausible that spaghetti tags were pulled out of male sockeye by the protruding teeth in the 
elongated snouts of other males defending females. Field crebvs found spaghetti tags lying on the 
lake bottom with broken loops, suggesting that these tags had been tom loose. However, other 
tags were found with the loop intact, perhaps from tags that had been placed too high in the back, 
allowing them to pull out. Physiological changes and behavioral aspects may have worked in 
concert to cause the observed spaghetti tag losses in males only. 

The primary reason that we used dart tags in this study was to evaluate them for possible use as a 
primary tag in future M-R studies. Dart tags have a barbed plastic-tipped head that is designed to 
penetrate the flesh and slide over and lock behind internal fin spines. Even though these tags are 
not designed specifically for salmon, they performed well, particularly in terms of ease and speed 
of application. Although the recovered sample size was small (n = 38). tag loss was similar to 
both spaghetti and jaw tags (Table 11). Furthermore, recovery rates of dart tagged fish were only 
slightly less than fish with spaghetti tags only, indicating that effects of dart tags on catchability 
were minimal (Table 12). Because dart tags can be applied quickly and are less susceptible to 
being tom out by other fish or overhanging debris, they appear to be a good candidate for salmon 
M-R studies. Butler and Loeffel (1 972) concur with this assessment in their comparison of 
anchor (dart) and spaghetti tags on coho and chinook salmon. In their study spaghetti tags losses 
Ltere less than dart tag losses, but the advantages dart tags provided in reduced handling 
outweighed the difference in tag retention. Other studies have reported different tag loss results. 
McGlennon and Partington (1997) found shedding rates of dart tags to be markedly higher than 
loop (spaghetti) tags in aquarium-reared sparid snapper Pagrzrs azlratrrs. However, Sprankle et 
ai. (i996j found that shedding rates ofdorsai ioop tags (tied in an overhand knot) were four 
times higher than dart tags in striped bass Morone smatilis. Timmons and Howell (1 995) 
reported similar numbers of spaghetti and dart tags retained in both catfish Ictalurrls spp. and 
buffaloes Ictiobus spp. The species of fish and the time required for a tagged fish to be 
recaptured both play an important role in deciding which tag to use. If visual surveys of tagged 
fish are part of the study design, spaghetti tags may be the better choice because they are visible 
from both sides of the fish (Timmons and Howell 1995); although, dart tags can be applied to 
both sides of the fish. Finally, if increased predation of tagged fish is a concern, we found that 
brown colored spaghetti tags were very difficult to see. Therefore, the choice of tag color may 
be an important consideration, especially if tagging increases the likelihood of predation. 

The final dual-tagging method used in our study involved 500 spaghetti tagged fish that were 
adipose fi n-clipped. This technique revealed three spaghetti tags losses, but we decided not to 
use these data because the sex of these fish was unknown and the method was generally 
unreliable. We used a paper punch to mark the adipose fins of every fish captured in the 
spawning ground surveys to identify previously sampled fish. We found that holes in the 
adipose fin apparently induced "fin-rot" on some tish, to the point \\here the fin completely 



deteriorated. These fish could have been confused with those adipose fin-clipped at the ~veir and 
misidentified as a fish missing a spaghetti tag. Therefore, we began hole-punching caudal fins. 
We recommend that researchers do not hole-punch adipose fins of salmon if recoveries are 
conducted in spawning grounds. 

Mark-Recapture Estimation 

Perhaps the most important objective of this study was to assess M-R assumptions. Specifically, 
we sought to evaluate spaghetti tagging and spawning ground recovery sampling, methods that 
have commonly been used to estimate salmon abundance in Alaska (e.g., Thompson et al. 1986; 
Pahlke and Bernard 1996). Performing the M-R study together with the weir program allowed 
us to explicitly assess M-R assumptions and identify sources of bias in the M-R estimate. The 
weir program allowed a high degree of control over tagging with no known sources of sampling 
bias (assumption la) .  The weir also provided a census of the total escapement, which was closed 
to recruitment (assumption 2), and precise estimates of the sex composition, size (MEF), and age 
structure of the population. These features of the study allowed us to assess selectivity in 
spawning ground surveys (assumption 1 b). Dual tagging (assumption 4) provided a method of 
correcting for tag loss and therefore allowed an evaluation of tagging effects on catchability 
(assumption 5). We believe that assumption 3 (reporting of all tags recovered) was for the most 
part satisfied, although, as discussed previously, there was an indication that some jaw tags 
(especially those placed in the mouth comer) may not have been reported. We attempted to 
circumvent this problem by analyzing subgroups of tagged fish. 

Sex composition in the spawning ground (recovery) surveys of tagged and untagged fish did not 
differ from the weir sample. However, size selectivity occurred in the recovery survey and was 
more pronounced in male than female fish (see Tables 5-6 and Figures 6-9). This problem 
could result in a blased M-R estimate, particularly if the first sanlpling event (tagging) is not 
random, which is often the case (although not in our study) and random mixing of tagged and 
untagged fish does not occur between sampling events. These results indicate that stratified 
sampiing methods shouid be used and that the strata couid be defined by sex (minimaiiy) or size 
groups within each sex. Seber (1982) recommends using different capturing methods in the first 
and second sampling events to help reduce bias from non-random sampling. 

The proportion of tagged fish in the recovery surveys was somewhat inconsistent among periods 
(Table 7). Although, this was due to high proportions of tagged fish captured in period 3 (9102 to 
9/06) in all areas except the outlet and southeast beach (see Table 4). We also found somewhat 
inconsistent proportions of recovered tags among areas (Table 7). This was due to high 
proportions of tagged fish captured in the Inlet, except after period 4 when only 17 fish were 
caught in this area (see Table 4). A similar analysis that did not include dual tagged fish 
(spaghetti tagged only) resulted in more consistent tagged proportions, although females 
exhibited a minor inconsistency related to period 3 (Table 8). Given that a random sample of 
fish were tagged at the weir (assumption la), these results suggest a differential effect of tagging 
on capture probability; in particular, dual tagging may have compounded this problem. On the 
other hand, recapture rates based on tagging order (color groups) were fairly consistent (Tables 9 
and 10) indicating that run timing did not affect the probability of recapture. We concluded that, 



overall, the inconsistencies discussed above were relatively minor, therefore recovery data for 
the majority of the analyses was pooled. 

Fish marked with spaghetti tags only had a higher overall recapture rate than all tagged fish - 
15.4% versus 14.5% - indicating that dual tagging decreased the probability of recapture (Tables 
9 and 10); this was particularly evident with jaw tagged fish (Table 13). Subsequently, dual 
tagging generally increased the difference between the M-R abundance estimate(s) and the iveir 
count (Figure 12), even after correcting for tag loss. However. these results depended on the 
type of secondary tag used, especially for male fish (see Figures 10 and 11). Dual tagged males 
with secondary dart tags, for example, gave an escapement estimate that did not differ 
significantly from the weir-derived estimate. Presumably this was because correcting for tag loss 
was much more important than tagging effects on catchability (which was probably minimal in 
this case). 

To eliminate effects of secondary tags on recapture probability, we applied tag loss estimates to 
fish that were spaghetti tagged only (Table 13). This was done for males only because female 
sockeye were not observed with missing spaghetti tags. Therefore, females that were spaghetti 
tagged only still gave a M-R escapement estimate that Lvas 3 1 % higher than the weir-derived 
estimate. The effect on escapement estimates of males, however, was substantial. Without 
correcting for tag loss, the M-R point estimate was 32% higher than the weir-derived estimate of 
17.843 male sockeye (Figure 11). After applying tag loss corrections based on all secondary tags 
(jaw + dart) and lower jaw tags, escapement estimates were very close to the weir estimate. 
Estimated tag loss using dart tags actually resulted in a over-correction. Although these results 
indicate the importance of tag loss, it should be noted that the estimates were based on small 
sample sizes of recaptured dual tagged fish; therefore, the reliability of the estimates is somewhat 
lo\\.-. 

CONCLUSIONS 

The total count of 40,283 adult sockeye salmon passing the Larson Creek v,eir in 1997 was 
slightly higher than counts from the mid 1980s, which ranged from 16,753-37,874. The ratio of 
these escapements to Yentna River (sonar-derived) escapements has remained fairly constant, 
suggesting that sonar estimates can be used to index sockeye salmon escapement in the Susitna 
River. The M-R experiment, which involved spaghetti tagging and spawning ground recovery 
surveys, showed that the combination of tag loss and tagging effects on catchability, both of 
which decreased the probability of recapture, can cause a major (positive) bias in the estimate of 
sockeye salmon escapement. Dual tagging, which corrects the tag loss problem and is often 
applied to 100% of marked fish, may increase this bias due to secondary tagging effects on 
catchability (particularly with jaw tags). The reduced probability of capture is a result of either 
increased mortality from handling stress or some other factor that decreases in-stream life or the 
availability of tagged fish to capture. Also, the nature and degree of these effects differed 
substantially between males and females. Unfortunately, if recot ery sampling is conducted in 
spanning grounds this problem cannot be overcome by changing the sampling design (e.g., 
stratification). Therefore. the type and method of primary and secondary tagging may be critical 
to the success of the M-R experiment. Our preliminary experiznce w ~ t h  dart tags indicated that 



they are a good candidate for such applications. Alternatively. recovery sampling could take 
place in-stream (e.g., fishwheels) or, if the population has multiple stocks. at weirs ~vhere 
sampling can be controlled (i.e., every fish esamined). We also found that size selectivity occurs 
in spawning ground surveys, indicating that a stratified design may be warranted if the first 
(tagging) sample is not random. 
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Table 1. Daily counts and tagging schedule of adult sockeye salmon passing Larson Creek 
weir in 1997. See test for a description of tagging methods. 

Daily Cumulative Spaghetti Tag Secondary Tag 
Date Count Total Untagged Count Color Jaw Clip Dart 

5 Orange 
4 
0 

44 
27 
14 
8 2 
6 1 
4 1 
2 8 

119 
36 Yellow 

136 
9 1 
20 

110 
101 
62 Pink 

13 1 
108 
9 7 

102 
119 Blue 
110 
127 
43 
30 
56 
14 
17 White 
26 
5 7 
96 
9 3 
6 1 



T a b l e  1 ( c o n t i n u e d )  

Daily Cumulative Spaghetti Tag Secondary Tag 
Date Count Total Untagged Count Color Jaw Clip Dart 

Green 10 

Gray 3 
4 1 

Brown 12 

Total 40,282 36,619 3,663 919 500 250 
O h  Tagged 9.09% 2.28% 1.24% 0.62% 



Table 2. Estimates of sex composition and abundance. and mean mid-eye to tail fork 
length (MEF) of adult sockeye salmon passing the Larson Creek ~t-eir in 1997. Sample 
sizes were 2,082 females and 1.658 males. Standard errors (SE) and 95% confidence 
intervals are given. 

95% C. I .  

Variable Sex Estimate SE Lower Upper 

Composition Female 55.7% 0.77% 54.3% 57.2% 
Male 44.3% 0.77% 42.5% 45.8% 

Abundance Female 22,439 3 12 2 1,828 23,049 
Male 17,843 3 12 17,233 18,454 

Mean MEF (mm) Female 493 0.7 492 494 
Male 530 1.1 525 532 
Both 5 09 0.7 508 510 



Table 3. Age composition estimates of adult sockeye salmon 
passing the Larson Lake weir in 1997 (n = 357).  Standard 

errors (SE) and 95% confidence intervals are also given. 

- -  - 

95% C. I. 
Age n Percent SE Lower Upper 



Table 4. Summary of first-time captures of adult sockeye salmon. by sampling period and area. 
from spawning ground surveys of Larson Lake in 1997. Sampling periods \\.ere: (1) 812 1 to 8/27: 
(2) 8/28 to 9/10; (3) 9/02 to 9/06; (4) 9/07 to 911 1 ; (5) 9/12 to 9/16: (6) 9/l 7 to 912 1 ; (7) 9/22 to 
9/25; and (8) 9/26 to 9/27. Area codes (see Figure 3) are: EB=east beach; IN=inlet: NEB= 
northeast beach; OUT=outlet; SBE=south beach east; and SEB=southeast beach. 

Untagged Tagged (recoveries) Total Captures 
Period Area female male total female male total female male total 

1 EB 26 40 6 6 1 8 27 
- 

IN 
NEB 
OUT 
SBE 
SEB 

2 EB 
IN 

NEB 
OUT 
SBE 
SEB 

3 EB 
IN 

NEB 
OUT 
SBE 
SEB 

4 EB 
IN 

NEB 
OUT 
SBE 
SEB 

5 EB 
IN 

NEB 
OUT 
SBE 



T a b l e  4 ( c o n t i n u e d )  
Untagged Tagged (recoveries) Total Captures 

Period Area female male total female male total female male total 

SEB 170 116 286 

6 EB 7 9 5 4 133 5 - 7 7 84 56 140 
IN 0 1 1 1 0 1 1 1 - 3 

NEB 89 76 165 0 0 0 89 7 6 165 
OUT 9 5 8 2 177 5 7 12 100 89 189 
SBE 6 1 5 0 111 3 6 9 64 56 120 
SEB 276 184 460 17 11 28 293 195 488 

7 EB 5 2 5 1 103 2 0 - 7 5 4 5 1 105 
IN 0 0 0 0 0 0 0 0 0 

NEB 104 6 9 173 10 5 15 114 74 188 
OUT 70 5 8 128 - 7 3 5 72 6 1 133 
SBE 63 4 1 104 9 1 10 72 42 114 
SEB 136 123 259 14 2 16 150 1 25 275 

8 EB 3 8 3 0 68 - ? - 7 4 40 32 7 2 
IN 0 0 0 0 0 0 0 0 0 

NEB 4 8 3 7 85 3 0 3 5 1 37 . 88 
OUT 3 7 3 7 74 6 2 S 4 3 3 9 82 
SBE 3 0 12 42 1 0 i 3 1 i 2 4 3 
SEE3 8 0 59 149 7 v c I-, 1 1 5 7 7 5 152 

Total 4,144 3,496 7,640 285 245 530 3,329 3,731 8,170 



Table 5. Comparison of sex composition and mean mid-eye to tail fork 
length (MEF) of adult sockeye salmon sampled in 1997 at Larson Creek 
bveir and in spawning ground suneys  of the lake (untagged fish). Sex 

composition did not differ significantly between the samples (X' = 1.7; 
P = 0.19). However, the mean MEF of males and females was significantly 
greater at the weir than in the spawning grounds (P < 0.001, both sexes). 

Composition (%) MEF (mm) 
Sample Sex n Estimate SE Mean SE 

Weir Female 2085 55.7% 0.77% 493 0.74 
Male 1658 44.3% 530 1.05 

Survey Female 4032 54.4% 0.58% 485 0.50 
Male 3379 45.6% 51 1 0.63 



Table 6. Comparison of sex composition and mean mid-eye to tail fork length (MEF) of 
adult sockeye salmon tagged in 1997 at Larson Creek weir and recaptured in spawning 
grounds. For all tagged fish, sex composition did not differ bet~veen those tagged and 

recaptured (X' = I .  I; P = 0.29). Similar results were obtained for fish fitted only with 

spaghetti tags (X' = 0.34; P = 0.56). Mean MEF did not differ significantly between 
tagged and recaptured females (t-  test; P > 0.10) and again similar results were obtained 
for both tag groups. However, the mean MEF of tagged males Lvas significantly greater 
than recaptured males (t- test ; P < 0.001) and again results were similar between tag 

groups. 

Composition MEF (mm) 
Tag Group Sample Sex n Estimate SE Mean SE 

All Spaghetti Tagged Female 1801 56.1% 0.84% 493 0.81 
Male 1412 43.9% 532 1.16 

Recaptured Female 285 53.8% 2.17% 490 1.82 
Male 245 46.2% 518 2.18 

Spaghetti Only Tagged Female 1224 56.6% 1.03% 492 0.97 
Male 940 43.4% 530 1.43 

Recaptured Female 216 55.0% 2.51% 488 2.04 
Male 177 45.0% 518 2.61 



Table 7. Untagged captures and rccoveries o f  all tagged sockeye salmon, by period and area, from 
I x s o n  Lake spawning ground surveys in 1997. Chi-square tests indicated temporal differences in 
the proportion of tagged fish for both sexes (P  < 0.05). However, after removing period 3 from the 
analysis, no differences were detected for either sex (I' > 0.05). Areal differences in the tagged 
proportion were also detected (I' < 0.05), although after removing Inlet area samples from the 
analysis, no differences were detected for eilhcr sex (P > 0.05). The proportion of recovered tags 
did not difi'er between males and f'emales (P = 0.83). Data reported is for first-time captures. 

Untagged Captures Tag Recoveries Tagged Proportion 
Strat~im Female Male TOT Female Male Total Female Male Total 

Period: 
(1) 812 1-8/27 
(2) 812 8-910 1 
(3) 9/02-9106 
(4) 9107-911 1 
(5) 911 2-9/16 
(6) 9/ 1 7-912 1 
(7) 9/32-9125 
(8) 9/26-9127 

Area: 
East Bch. 
Inlet 
Northeast Bch. 
Outlct 
South Bch. E. 
Southcast Bch. 

'I'otal - all data 3,744 3,127 6,871 285 245 530 7.1% 7.3% 7.2% 

'I'olal - w/o period 3 3,534 2,936 6,470 216 191 407 5.8% 6.1% 5.9% 

'l'otal - w/o Inlct 3,239 2,724 5,963 205 182 387 6.0% 6.3% 6.1% 



'Table 8. Untagged cap t~~res  and recaptures, by stratum, of sockeye sal~non fitted with spaghetti tags 
only f'rom Larson Lake spawning ground surveys in 1997. Chi-square tests indicated no temporal 
differeilces in the proportion of tagged malc fish (I' = 0.1 63). The proportion of tagged females, 
however, clifrerecl significantly among pcriocls ( P  = 0.009); althougl~, after removing period 3 from 
the analysis no significant difkrcnces were dctccted (1' = 0.07). No areal differences were detected 
for eilhcr sex or the total catch (P > 0.10) and proportion of tagged fish did not differ between males 
and females (1' = 0.86). Data reported is h r  iirst-time cnplures. 

Untagged Captures Tag Recoveries 'Tagged Proportion 
Slratum 1:emale Male l o  1:emnlc Male Total Female Male Total 

Period: 
(1) 8/21-8127 
(2) 8128-910 1 
(3) 9102-9/06 
(4) 9107-9/11 
(5) 9/12-9116 
(6) 9/17-912 1 
(7) 9/22-9125 
(8) 9/26-9127 

Area: 
East 13ch. 400 369 769 13 17 3 0 3.1% 4.4% 3.8% 
Inlct 256 198 454 19 13 3 2 6.9% 6.2% 6.6% 
Norlheast Bch. 649 574 1223 33 33 6 6 4.8% 5.4% 5.1% 
Outlct 549 537 1086 33 33 6 6 5.7% 5.8% 5.7% 
South I3ch. E. 500 409 909 25 21 46 4.8% 4.9% 4.8% 
Soulheast Bch. 1790 1409 3199 93 60 153 4.9% 4.1% 4.6% 

'l'otal - all data 3744 3127 6871 216 177 393 5.5% 5.4% 5.4% 
'I'otal - ivlo Period 3 3534 2936 6470 169 137 306 4.6% 4.5% 4.5% 





r i n  - - 
4 - ., me L!2 3-3 

z -G 

O O N  
w w w  

(n w  m  - - PI 
m m m  



Table 1 1 .  Results of dual tagging experiments conducted at Larson Lake in 1997. 
The number and percent of lost tags is given for each type of tag used in the study. 
The percent of fish dual tagged at the Larson Creek weir is compared with the 
percent of dual tagged fish recovered in the spawning grounds, after correcting 
for tag loss. 

Dual Tagged Recaptures Pred. Recaps. 
Tag Type Sex Total Percent Total Lost Percent Total Percent 

Spaghetti Female 604 2.69% 68 0 0.0% 68 1.54% 
Male 503 2.82% 69 13 21.0% 71 1.89% 
Total 1107 2.75% 137 13 10.6% 139 1.70% 

Jaw Female 503 2.24% 53 5 9.4% 53 1.20% 
Male 416 2.33% 53 5 10.4% 54 1.43% 
Total 919 2.28% 106 10 9.9% 107 1.30% 

Dart Female 126 0.56% 16 1 6.7% 16 0.36% 
Male 124 0.69% 22 2 13.3% 23 0.62% 
Total 250 0.62% 38 3 10.3% 39 0.48% 
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Table 13. Effect of various secondary tagging techniques on estimated spaghetti tag loss and the (corrected) 
mark-recapture (M-R) point estimate of the nulnber of adult sockeye salmon passing Larson Creek weir in 
1997. Corrected estimates of the number of recaptures ( IU 2), therefore the abundance estimates, were based 

on fish marked with spaghetti tags only. Thc pelcent difference is given to indicate the degree of bias in the 
M-R estimate comparcd to thc wcir. 

Dual Recaptures Corrected Sockeye Abundance 
2 O  Tag Sex Tagged Count Lost % Lost Count "'2 Weir M-R Est. % Diff. 

Jaw Sr. Dart Feniale 
Male 
Total 

All Jaw Female 
Male 
Total 

Lower Jaw Female 
Male 
Total 

Dart Female 
Male 
Total 
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Figure I .  Upper and Loxver Cook Inlet commercial fishing districts. 
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SORTHEAST M R S O N  LAKE 
Latitude: 6Z0 20' 
Longitude: 14g0 53' 
Elevation: 186 rn 
Area: 1.8 x 1 O6 m2 
Mean Depth: 16.4 m 
Maximum Depth: 42.6 rn 
Volume: 29.1 x I O6 m3 
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Figure 3. Bathymetric map of Larson lake shotving the location of the six spawning areas 
surveyed for tag recoveries in 1997. 
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