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this order.  When a permit from a joint venture was sampled an attempt was made to 
sample all of the permits in this joint venture on the same day.  These other permits 
were then not sampled again until the list of permits was exhausted.  A new random 
order was then generated for further sampling.  In this way, any permit being fished 
should have been sampled by the time that each randomized list was fully sampled. 
As in 2002, fishers were contacted within 24 hours of the scheduled sampling if 
meeting arrangements were needed, and if a selected permit holder was not fishing at 
the required time then the next permit holder on the randomized list was selected 
instead.  Overall, 420 sample days provided observations on either all or part of the 
fishing on those days.  Only 3 of these days were sampled opportunistically.  No 
USFWS observers were present to monitor seabirds in 2005. 

! Taking into account net lengths, the fraction of nets that were observed during picking 
operations, and the fact that not all picks were observed, the final sample effort 
covered by the AMMOP observers in 2002 was 6.0% of the total fishing effort(the 
equivalent of 309.4 sampled permit days out of the total of 5,114.6 permit days of 
fishing). In 2005 the final sample effort covered was 4.9% (the equivalent of 534.6 
sampled permit days out of the total of 10,835.2 permit days of fishing). 

! In terms of weight, the catches of five species of salmon recorded by the AMMOP 
observers have a similar distribution to the catches recorded by the Alaska Department 
of Fish and Game.  In 2002 6.7% of the total catch was recorded by the AMMOP 
observers, which is slightly more than the 6.0% expected based on the fishing effort 
that was observed.  In 2005 4.6% of the total catch was recorded by the AMMOP 
observers, which is slightly less than the 4.9% expected based on the fishing effort that 
was observed. 

! Ratio estimation was used to estimate the total take in the fishery for marine mammals 
and birds, with stratification in 2002 based on the four fishing areas sampled, and 
stratification in 2005 based on the seven fishing areas sampled. 

! In 2002 the estimates of the takes of different species, with estimated standard errors 
in parentheses are: sea otters, 62.0 (36.4); harbor porpoises, 32.2 (21.7); pelagic 
cormorants, 14.1 (13.4); red-faced cormorants, 28.2 (18.9); harlequin ducks, 15.5 
(14.9); pigeon guillemots, 75.9 (32.5); marbled murrelets, 56.4 (26.9); common murres, 
185.4 (53.3); thick-billed murres, 14.1 (13.5); horned puffins, 14.1 (13.3); tufted puffins, 
110.0 (78.0); sooty shearwaters, 14.1 (13.5); and all species of birds, 527,7 (109.6). 
The four sea otters observed to be taken were all released alive, apparently uninjured, 
while the two harbor porpoises observed to be taken were both released dead.  All of 
the birds observed to be taken were released dead except for common murres and 
tufted puffins. A total of eleven common murre takes were observed, with two birds 
released alive.  One of these two birds appeared uninjured, while the state of the other 
was unknown.  A total of seven tufted puffin takes were observed, with one bird 
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commercial fisheries into the appropriate List of Fisheries category, as required under the 
Marine Mammal Protection Act.  There are currently no Category I fisheries (frequent 
serious injuries and mortalities) in Alaska, and Category II fisheries (occasional serious 
injuries and mortalities) have priority for observer coverage.  Category III fisheries are not 
required to accommodate observers and therefore unlikely to be covered by the AMMOP. 

The AMMOP began observer coverage in 1991 and 1992 on the Prince William Sound 
setnet and driftnet fisheries, and the Aleutian Peninsula driftnet fisheries.  It continued with 
the Cook Inlet salmon setnet and driftnet fisheries in 1999 and 2000, and covered the 
Kodiak Island setnet fishery in 2002 and 2005.  This report covers the 2002 and 2005 
surveys of the Kodiak Island salmon setnet fishery.  An earlier report (Manly et al., 2003) 
described the results of the observer program in 2002.  The present report updates this 
earlier report with the inclusion of results for 2005. 
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2.  The Kodiak Island Set Gillnet Fishery 

The Kodiak Island set gillnet fishery (Figure 2.1) comprises the Northwest District, 
which includes the area from South Point on Spruce Island to Rocky Point on the south 
side Uyak Bay, and the Alitak Bay District, located on the southwestern corner of the 
island, with fishing in Olga Bay, Moser Bay and Alitak Bay.  Typically the Northwest District 
is fished by about 100 permit holders and constitutes about 60% of the annual fishing 
effort, while the Alitak Bay District has about 70 permit holders and about 40% of the 
annual fishing effort.  For sampling and analysis purposes, the Northwest District is divided 
into a northern sector comprising the Kupreanof Straits and North Cape, Viekoda Bay and 
Uganik Bay areas, and a southern sector comprising the Uyak Bay area.  Similarly, the 
Alitak District is divided into the Olga Bay, Moser Bay and Alitak Bay areas. 

Interactions with Marine Mammals and Birds 

The Kodiak Island set gillnet fishery is currently a Category II fishery, with potential 
interactions with the Gulf of Alaska stock of the harbor porpoise (Phocoena phocoena), the 
Gulf of Alaska stock of the harbor seal (Phoca vitulina richardsi), the Southwest Alaska 
stock of the sea otter (Enhydra lutris), and the Western U.S. stock of the Steller sea lion 
(Eumetopias jubatus), as listed in the Federal Register (2006). 

The Gulf of Alaska stock of the harbor porpoise occurs from Unimak Pass in the west 
to Cape Suckling in the east. The estimated population size is 30,506 with a coefficient 
of variation (CV) of 21.4%, and a PBR of 255 animals per year.  As the estimated level of 
human caused mortality and serious injury is 40.3 per year, which is greater than 10% of 
the PBR, this mortality is not considered to be insignificant and approaching zero (Angliss 
and Outlaw,  2005, p. 128).  Prior to the 2002 survey of the Kodiak Island set gillnet fishery 
it was estimated that the mortality of harbor porpoise as a result of this fishery was greater 
than or equal to 3.2 animals per year.  A survey in 1992 provided an estimate of 2,300 
porpoise in the Kodiak area with a CV of 34% (Small and DeMaster, 1995). 

The Gulf of Alaska stock of the harbor seal occurs from Unimak Pass to Cape Suckling 
with an estimated size of 29,175, with a CV of 5.2%, and a PBR of 868 animals per year. 
Several commercial fisheries may cause harbor seal mortalities, with the total mortality 
estimated to be more than 35 animals a year.  As this is less than 10% of the PBR the 
stock is not classified as strategic, although the estimate of the yearly mortality is not 
considered  to be reliable (Angliss and Outlaw, 2005, p.  37).  Prior to the 2002 survey of 
the Kodiak Island set gillnet fishery the estimated mortality of harbor seals due to this 
fishery was estimated to be 0.75 or more animals per year.  A survey in 1996 gave an 
estimate of 4,437 animals in the area with a CV of 3.5% (Angliss and Outlaw, 2005, p. 33). 
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Figure 2.1  Locations for the Kodiak Island Set Gillnet Fishery. Salmon statistical areas are shown 
numbered from 25311 to 25939. 

The southwest stock of the sea otter is considered to include animals from the Alaska 
Peninsula and Bristol Bay coasts, and the Aleutian, Barren, Kodiak and Pribilof Islands. 
The total size is estimated at 41,474 animals with a CV of 12.9% from surveys in the 
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period 2000 to 2002.  The PBR is 830 animals per year, which is much higher than the 
estimated mortality and serious injury rate for all commercial fisheries of 0.2 animals per 
year (Angliss and Outlaw, 2005, p. 247). Prior to the 2002 survey of the Kodiak Island set 
gillnet fishery the estimated mortality rate for this fishery was 0.25 or more animals per 
year based on setnetter's reports for 1990 to 1993.  A survey in 2001 gave an estimate of 
5893 animals in the area with a CV of 22.8% (Angliss and Outlaw, 2005, p. 245). 

The western U.S. stock of the Steller sea lion includes animals at and west of Cape 
Suckling. A minimum population size estimate is 38,513 based on counts of non-pups in 
2004 and pups 2001 to 2004. Steller sea lions in Russia are currently part of the estern 
U.S. stock, but are not included in the minimum population estimate. The PBR is 231 
animals per year.  The current estimated level of incidental mortality from fisheries is 30.9, 
which exceeds 10% of the PBR.  Also, the estimated level of human-caused mortality from 
fisheries and the subsistence harvest is 217.9, which is less than the PBR.  The stock is 
currently listed as endangered under the Endangered Species Act and depleted under the 
MMPA.  It is therefore considered to be a strategic stock (Angliss and Outlaw, 2005, p.  7). 

Interaction of the fishery with seabirds is a potential concern because approximately 
256,000 colonially nesting birds in 192 colonies have been documented on Kodiak Island, 
as summarized in Appendix A (USFWS, 2002b).  The AMMOP supports the collection of 
data on the incidental injury and mortality of seabirds as well as marine mammals. 
However, the monitoring of the seabirds in the general area of nets requires more time, 
background information and expertise than is available with the standard program.  As a 
result, the U.S. Fish and Wildlife Service (FWS) participated in the 2002 survey of the 
Kodiak Island set gillnet fishery to assist in seabird species identification, and the 
monitoring of the seabird abundance around the fishery.  This was not possible for the 
2005 survey. 

Fishing Methods and Opening Times 

There are many variations in the fishing techniques used in the set gillnet fishery but 
each permit holder may operate one or two nets with a combined length of 150 fathoms 
of multifilament gillnet.  Often two permit holders will work together in a joint venture 
arrangement, or a cooperative unit may hold several permits.  Most nets are attached to 
a shore lead up to 80 fathoms long in a straight line to a king buoy offshore, with numerous 
anchor lines and buoys holding the net in place. The last 25 fathoms is usually formed into 
a fish trap, which is also called a hook. 

The Alaska Department of Fish and Game (ADF&G) manages salmon through the 
Kodiak Island Salmon Management Plan on a river system basis. They set escapement 
goals for salmon runs returning to rivers and streams and monitor returns using fish weirs, 
aerial surveys, gillnet test fisheries, and direct sampling.  Based on this information the 
ADF&G estimates the number of fish returning to each system, and the Management Plan 
determines which run is used to dictate fishery opening and closing times. 
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Fish returning to rivers gather in bays and inlets before entering the waterways. 
Fishers position their nets perpendicular to the shore to channel fish into the webbing of 
the net and entangle the salmon.  As runs progress more fish move into waterways, and 
a run is said to 'peak' when the highest number of fish gather to move up the river. 
Different species of salmon and different runs of the same species return during the 
season.  Typically king (Chinook) salmon are the first to return, followed by red (sockeye) 
in June, humpy (pink) in mid-July, and silver (coho) in late August and September.  There 
are also some chum (dog) salmon runs returning to Zachar Bay in August, and several 
areas have late runs of red salmon in August and September. 

In a typical year the fishery begins on 9 June, when the Kodiak office of the Alaska 
Department of Fish and Game (ADF&G) opens it by emergency order, based on the Alitak 
Bay and Westside Kodiak Salmon Management Plans.  Traditionally, the Northwest 
District is open for the majority of June and July, while the Alitak Bay District typically 
fishes from five to seven out of every ten days.  As the runs progress, changing from 
sockeye to pink salmon in late July, the ADF&G often reduces the length of openers if 
escapement goals have not been met.  Fishing effort begins to reduce in mid to late 
August as runs begin to decline, and although many areas are open until early October, 
most fishers have pulled their nets by early September. 

In 2002 the Northwest District fisheries opened on June 9, but the fishing effort was 
very low because of a dispute over the price of salmon. The Alitak Bay District fisheries 
in the south never opened at all in that year because the salmon did not appear.  In 2005 
the Northwest District fisheries opened on June 1, with normal fishing.  The Alitak Bay 
fisheries opened on June 5, again with normal fishing. 
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3.  Sampling Methods 

The original plan for the observation of the Kodiak Island set gillnet fishery involved 
random stratified sampling of seven fishery areas. For this purpose the Northwest District 
was divided into Kupreanof Straits and North Cape, Viekoda Bay, Uganic Bay, and Uyak 
Bay, while the Alitak District was divided into Olga Bay, Moser Bay and Alitak Bay, defined 
as follows (Figure 2.1): 

KI1A: Kupreanof Straits and North Cape, including the permits in ADFG areas 259-35 to 
259-39. 

KI1B: Viekoda Bay, including the permits in ADFG area 253-31. 

KI1C: Uganic Bay and Uganik Passage, including the permits from Cape Uganik to Cape 
Kuliuk, in ADFG areas 253-11 to 253-14. 

KI2: Uyak Bay, including the permits from Cape Kuliuk to Rocky Point, in ADFG areas 254-
10 to 254-40. 

KI3: Olga Bay, including the permits in ADFG area 257-40. 

KI4, Moser Bay, including permits in ADFG area 257-43, north of a line from the 
southernmost point of Moser Point west to the northernmost point of Amik Island, and west 
to the easternmost point of the Kodiak mainland, north of the Little Narrows. 

KI5: Alitak Bay, including the permits in ADFG area 257-41. 

The total sample effort was planned using Wade's (1999) method.  This involved first 
determining the expected total fishing effort in terms of permit days (the product of the 
number of permits fished and the fishing time in days).  Estimates of the take rates (the 
numbers of animals caught per permit day) were then produced for all marine mammal 
species of concern.  Finally, the total sampling effort was chosen to ensure, for all of these 
species, that if the true take rate was equal to the estimate then the probability of 
observing zero take was small.  This showed that a sampling coverage of 5% would be 
satisfactory for the fishery. 

The Alitak District did not open in 2002 so that all of the sampling effort had to be 
concentrated in the Northwest District.  In this district all of the fishing permits were 
subjected to random selections every two weeks through the fishing season.  In effect, the 
list of permits was put in a random order and, as far as possible, the permit holders were 
sampled by the AMMOP observers in the order of this list in the two week period following 
the selection.  Joint ventures (a pair of permits) were selected and observed as one unit. 
In addition, a new randomized list was selected for the last week of fishing to allow for the 
small number of permits still in use. Fishers were contacted within 24 hours of the 
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scheduled sampling if meeting arrangements were needed, and if a selected permit holder 
was not fishing at the required time then the next permit holder on the randomized list was 
selected instead.  Overall, 387 (97%) of sample days were selected using the randomized 
lists. The other 11 (3%) days were sampled opportunistically because for safety or 
logistical reasons the randomly selected permit was unavailable and was replaced by a 
permit that was available to be sampled.  Not all of the 398 sample days provided useful 
data.  In some cases the trip was arrested (i.e., the observer was unable to collect data as 
originally planned because of the circumstances that arose).  In all, 384 trips provided data 
that could be used. 

In 2005 the Alitak District was open. In this year each of the fisheries areas Kupreanof 
Straits and North Cape, Viekoda Bay, Uganic Bay, Uyak Bay, Olga Bay, Moser Bay and 
Alitak Bay was sampled separately by putting the list of permits in a random order and, as 
far as possible the AMMOP observers sampled the permits in this order.  When a permit 
from a joint venture was sampled an attempt was made to sample all of the permits in this 
joint venture on the same day.  These other permits were then not sampled again until the 
list of permits was exhausted.  A new random order was then generated for further 
sampling.  In this way, any permit being fished should have been sampled by the time that 
each randomized list was fully sampled.  As in 2002, fishers were contacted within 24 
hours of the scheduled sampling if meeting arrangements were needed, and if a selected 
permit holder was not fishing at the required time then the next permit holder on the 
randomized list was selected instead.  Overall, 420 sample days provided observations 
on either all or part of the fishing on those days.  Only 3 of these days were sampled 
opportunistically. 

The sample unit was a fishing day, with most AMMOP observations made by a single 
observer in a skiff with a separate operator.  At a selected permit holder's site the observer 
attempted to record data for all picks during the sample day, where a 'pick' (also 
sometimes called a 'haul') is the process of examining a net and removing any captured 
fish.  A note was made of any picks that could not be observed for any reason, such as 
bad weather.  Set and soak observations were also made when the time and weather 
allowed, where this refers to watching the net in the water for any interactions with marine 
mammals and seabirds. 

Throughout a trip AMMOP observers recorded all entanglements and deaths of marine 
mammals and birds related to the fishing gear.  During the sample day they also recorded 
data on environmental variables such as the water depth and temperature, weather and 
tidal conditions, and gear characteristics such as the mesh size, the net length, the 
presence of mammal deterrents, soak times, and the net configuration.  The Sampling Plan 
and Sampling Protocols for 2005 are provided in Appendix B, and a full list of the variables 
recorded by observers in 2002 is provided in Appendix C, with some minor changes in 
2005 noted at the end of this appendix. Copies of the 2002 forms are provided in 
Appendix D. 
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As noted above, the original plan for the 2002 survey of the fishery was based on the 
AMMOP observers sampling approximately 5% of the fishing effort, under the management 
of three team leaders based in field offices in the Northwest District and Alitak Bay District. 
In addition, there were to be three FWS observers covering about 1-2% of the fishery to 
collect additional information on bird sightings around the nets and in the fisheries areas. 
The absence of the Alitak Bay District fishery in 2002 resulted in this plan having to be 
modified, with all of the observer effort going to the Northwest District fishery.  The final 
outcome in that year was that the coverage in the Northwest District was 7.5% for the 
NMFS observers and 2.5% for the FWS observers, in terms of the fishing days sampled. 
The coverage was 6% when account is taken of unobserved fishing within these sample 
days, and the length of the fishing nets that were observed.  It was originally intended that 
the FWS observers in 2002 would be randomly assigned to the sites being sampled by 
AMMOP on any given day, with about one third of these sites covered overall. 
Unfortunately, random assignments turned out to be impractical because of logistical and 
safety considerations. For example, the FWS observers could only go to sites where the 
skiff was large enough to safely hold three people. 

In 2005 FWS observers were not present during the AMMOP survey, and in this year 
fishing took place in all fisheries areas.  The final outcome was that the coverage was 
6.0% overall in terms of the fishing days covered, and 4.9% when account is taken of 
unobserved fishing during these sampled days, and the length of the fishing nets that were 
observed. 
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4.  Fishing Effort and Observer Coverage 

Table 4.1 shows the estimated fishing effort and the observer coverage for each of the 
sampled regionss in 2002. Here the total fishing days was calculated by summing the 
number of fishing permits multiplied by the fraction of these that were in use over the days 
in open periods. The trips are the number of days sampled.  Generally a trip represents 
the sampling of one permit on one day.  However, with joint ventures the other permit or 
permits  involved were sometimes sampled during the same trip.  This produced data for 
more than one permit day. 

A permit day is defined as one permit fishing for 24 hours with a net of length 150 
fathoms.  The number of permit days is less than the number of fishing days because the 
average length of a net observed for a single permit for trips where all nets were observed 
was 144.26 fathoms.  For this reason, the permit days shown in Table 4.1 are the fishing 
days multiplied by 144.26/150.00 = 0.962, on the assumption that the average length of 
the nets fished in all areas was 144.26 fathoms. 

The sample effort was calculated taking into account the length of the net being used, 
whether or not all picks were observed, and the percentage of the fishing nets that were 
observed during a pick.  If all picks were observed on a trip then the formula used for 
estimating the fishing effort for this trip was 

Effort = (Net length in fathoms/150) x (% of net observed/100), (4.1) 

where 150 is the maximum net length in fathoms for a single permit. The first factor on the 
right hand side allows for whether the net length was less than 150 fathoms.  This also 
allows for situations where two permits are sampled, in which case the effort will be 
approximately twice the usual effort. The second factor on the right hand side allows for 
the incomplete sampling of individual picks, with the % of net observed being the average 
for all picks observed on a trip. 

Table 4.1  Observer coverage in 2002 based on fishing days sampled and 
permit days, which take into account net lengths and the proportion of picks 
observed. 

1Region 
Fishing 

2Days Trips 
Permit 

2Days Cover 
% 

Cover 
1, KI1A 393.6 26 378.6 22.7 6.0 
2, KI1B 985.9 72 948.1 61.2 6.5 
3, KI1C 1174.8 94 1129.8 80.2 7.1 
4, KI2 2560.4 192 2462.4 133.5 5.4 
Total 5114.7 384 4919.0 297.6 6.0 
1Regions are Kupreanof Straits and North Cape (KI1A), Viekoda Bay 
(KI1B), Uganic Bay (KI1C) , Uyak Bay (KI2), as defined in the text.  Olga 
Bay, Moser Bay and Alitak Bay were not fished in 2002.
2See the text for definitions of fishing days, trips and permit days. 
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The formula for effort was modified for trips where observers did not record data for all 
of the picks.  In these cases the formula used in 2002 was 

Effort = 0.858 x (Net length in fathoms/150) x (% of net observed/100). (4.2) 

Here the factor 0.858 = 3.453/4.024 reduces the effort to allow for the unobserved picks. 
This is the ratio of mean number of picks observed for all trips recorded as partially 
observed (3.453) to the mean number of picks for all trips recorded as fully observed 
(4.024). 

In 2005 there was better information on the total fishing effort as records were kept of 
the times when individual permit holders were fishing and the length of the nets that they 
were using.  Equations (4.1) and (4.2) were again used to estimate the sample effort in 
terms of permit days, but with the proportion of observed picks on partial trips re-estimated. 
Equation (4.1) was still used to calculate the sample effort for trips where all picks were 
observed.  For these completely observed trips the average number of picks observed per 
permit is 3.24, while for partially observed trips this average is 2.86. The ratio is 2.86/3.24 
= 0.881, and therefore for 2005 equation (4.2) for the effort on partially observed trips 
changed to 

Effort = 0.881 x (Net length in fathoms/150) x (% of net observed/100). (4.3) 

Table 4.2 shows the observer effort in 2005 in terms of the fishing days sampled, and 
permit days. 

Table 4.2  Observer coverage in 2005 based on fishing days sampled 
and permit days, which take into account net lengths and the proportion 
of picks observed. 

Region1 
Fishing 

2Days Trips 
Permit 

2Days Cover 
% 

Cover 

1, KI1A 913.8 42 844.6 30.3 3.6 
2, KI1B 1331.1 88 1278.3 74.5 5.8 
3, KI1C 1983.3 117 1936.6  98.3 5.1 
4, KI2 3910.3 217 3818.2 177.7 4.7 
5, KI3 606.9 44 570.2 26.6 4.7 
6, KI4 1158.2 76 1158.2 59.1 5.1 
7, KI5 1229.1 79 1229.1 68.0 5.5 
Total 11132.6 663 10835.2 534.6 4.9 
1Regions are Kupreanof Straits and North Cape (KI1A), Viekoda Bay 
(KI1B), Uganic Bay (KI1C) , Uyak Bay (KI2), Olga Bay (KI3), Moser Bay 
(KI4) and Alitak Bay (KI5), as defined in the text.
2See the text for definitions of fishing days, trips and permit days. 
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Observed Catches of Salmon 

Table 4.3 shows the catches by weight of chinook, sockeye, coho, pink and chum 
salmon recorded by the Alaska Department of fish and Game for the four areas that were 
fished in 2005.  Table 4.3 also shows the overall composition of the retained catches 
recorded by the AMMOP observers.  For all regions and all time periods the Alaska 
Department of Fish and Game reported that, in terms of weight, the catch harvested using 
set gillnet gear was 0.2% chinook, 27.4% sockeye, 3.1% coho, 65.0% pink, and 4.3% 
chum. These percentages are in good agreement with the corresponding percentages of 
0.2%, 26.7%, 3.4%, 66.0% and 3.7% for the AMMOP observers.  Overall 292.3 tons (4.8% 
of the total catch) was identified to species by the AMMOP observers.  An additional 115.1 
tons was described as unknown or mixed salmon. Hence the catch recorded as observed 
and retained was 292.3 + 115.1 = 407.4 tons. This is 6.7% of the total catch recorded by 
the Alaska Department of Fish and Game, which is close to but slightly higher than the 
6.0% of observer cover calculated on the basis of fishing effort (Table 4.1). 

Table 4.3 Catches of five species of salmon in 2002, as recorded by the Alaska Department of Fish and 
Game and the AMMOP observers. 

Chinook % of Sockeye % of Coho % of Pink % of Chum % of Total 
1 2 3Region Tons Catch Tons Catch Tons Catch Tons Catch Tons Catch Tons 

KI1A  0.1  0.1  56.7  23.2  5.8  2.4  168.0  68.8  13.5  5.5 244.0 
KI1B  3.1  0.3  320.5  26.3  46.6  3.8  776.8  63.8  70.5  5.8 1217.5 
KI1C  2.9  0.2  415.5  21.6  59.0  3.1  1367.7  71.0  82.3  4.3 1927.5 

KI2  3.6  0.1  873.2  32.5  76.8  2.9  1637.9  60.9  98.0  3.6 2689.5 
Total  9.8  0.2  1665.9  27.4  188.2  3.1  3950.5  65.0  264.3  4.3 6078.6 

Observed4  0.6  0.2  77.9  26.7  9.9  3.4  193.0  66.0  10.9  3.7  292.3 
%5  6.2  4.7  5.3  4.9  4.1  4.8 

1The four regions are  the Kupreanof Straits/Central section (KI1A), Viekoda Bay (KI1B), Uganik Bay 
(KI1C), and Uyak Bay (KI2).
2Net tons (2000 lbs).
3This column gives the catch for the species as a percentage of the total catch at the time.
4The tons of observed catch do not include any recorded as unknown or mixed salmon, and also does 
not include any discarded salmon.
5The % Observed is the percentage of the total catch for the species that was recorded by the AMMOP 
observers. 

Table 4.4 is similar to Table 4.3, but shows the commercial salmon catches from set 
gillnet fishing for the seven areas sampled in 2005, together with the catches that were 
observed.  For all regions and all time periods the Alaska Department of Fish and Game 
reported that, in terms of weight, the catch harvested using set gillnet gear was 0.2% 
chinook, 46.1% sockeye, 6.1% coho, 40.9% pink, and 6.7% chum.  These percentages are 
in fair agreement with the corresponding percentages of 0.4%, 52.8%, 2.8%, 37.9% and 
6.1% for the AMMOP observers.  Overall 260.8 tons (3.3% of the total catch) was identified 
to species by the AMMOP observers. An additional 105.9 tons was described as unknown 
or mixed salmon. Hence the total catch recorded as observed and retained was 260.8 + 
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105.9 = 366.7 tons. This is 4.6% of the total catch recorded by the Alaska Department of 
Fish and Game, and is close to the 4.9% of observer cover calculated on the basis of 
fishing effort (Table 4.2). 

Overall for 2002 and 2003 there is therefore reasonable agreement between the 
observer coverage levels and the salmon catch recorded by the observers. 

Table 4.4  Catches of five species of salmon in 2005, as recorded by the Alaska Department of 
Fish and Game and the AMMOP observers. 

Chinook % of Sockeye % of Coho % of Pink % of Chum % of Total 
1 2 3Region Tons Catch Tons Catch Tons Catch Tons Catch Tons Catch Tons 

KI1A  1.5  0.3  186.3  31.9  21.9  3.7  324.7  55.7  49.0  8.4  583.4 
KI1B  7.1  0.5  503.3  32.8  135.8  8.8  757.9  49.3  132.0  8.6  1536.0 
KI1C  4.1  0.3  508.7  33.6  132.4  8.7  696.7  46.0  171.9  11.4  1513.8 

KI2  3.6  0.1  1222.7  45.1  182.3  6.7  1158.0  42.7  146.1  5.4  2712.8 
KI3  0.1  0.1  159.8  80.6  3.9  2.0  22.4  11.3  11.9  6.0  198.1 
KI4  0.2  0.0  433.0  74.7  7.0  1.2  128.5  22.2  11.2  1.9  579.9 
KI5  0.0  0.0  666.4  77.0  5.6  0.6  179.1  20.7  14.5  1.7  865.7 

Total  16.7  0.2  3680.2  46.1  488.8  6.1  3267.3  40.9  536.6  6.7  7989.7 

Observed4  0.9  0.4  137.8  52.8  7.4  2.8  98.8  37.9  15.8  6.1  260.8 
%5  5.5  3.7  1.5  3.0  3.0  3.3 

1The seven regions are  the Kupreanof Straits/Central section (KI1A), Viekoda Bay (KI1B), Uganik 
Bay (KI1C), Uyak Bay (KI2), Olga Bay (KI3), Moser Bay (KI4) and Alitak Bay (KI5). 
2 3 4 5As for Table 4.3. As for Table 4.3. As for Table 4.3. As for Table 4.3. 
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5. Self-Reporting of Takes 

The MMPA's Marine Mammal Authorization Program allows commercial fishing even 
though takes of marine mammals may occur. However, commercial fishers should report 
all incidental mortalities or injuries to marine mammals within 48 hours after the end of the 
fishing trip, or, within 48 hours of the occurrence of a mortality or injury. The 
Mortality/Injury Reporting Forms were mailed to all Kodiak salmon setnet permit holders, 
handed out by the observers, and discussed at public meetings. It was also stressed that 
even when there was an observer on-board, the fisher still needs to report all incidental 
mortalities or injuries to marine mammals in the usual way. 

Only one of the two observed mortalities of marine mammals in 2002 was reported by 
the fisher (the harbor porpoise on July 30) as it should have been.  In addition to the 
observed takes, there were Mortality/Injury Reports for two dead porpoises (unidentified), 
and for one dead sea otter incidentally taken in Liganik Bay on July 1. 

In 2005 there were three Mortality/Injury Reports from fishers.  The two observed 
harbor porpoise mortalities were reported, and the other report was of a whale with an 
unknown species that got caught in a net in Uyak Bay on June 29.  The fisher cut the net 
to release the whale, but was not sure about the condition of the whale after it was 
released. 

As discussed in the following section of this report, it is estimated from the observer 
data that there were 32 harbor porpoises mortalities as a result of fishing in 2002, and 39 
harbor porpoise mortalities as a result of fishing in 2005. There were, however, only five 
Mortality/Injury Reports received from fishers in both years.  This strongly suggests that 
most marine mammal mortalities and injuries are not reported by fishers as they are 
supposed to be. 
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6. Ratio Estimation of Takes 

The estimation of the total take of marine mammals and birds through interaction with 
the fishery is based on ratio estimation, with separate estimation for each of the seven 
regions described above (Kupreanof Straits and North Cape, Viekoda Bay, Uganik Bay, 
Uyak Bay, Olga Bay, Moser Bay and Alitak Bay).  Basically the observer data for a region 
is used to calculate the take of a species per permit day of fishing. This take per day is 
then multiplied by the total number of permit days of fishing for the whole season to get the 
estimated total take. 

To be specific, within each region the total fishing effort in permit days (one net of up 
to 150 fathoms used for one day) is known.  This total is denoted by t , and is assumed to e 

have a negligible error.  Similarly, the total sample (observed) effort in permit days can be 
estimated.  This involves taking into account any picks that were not observed on a sample 
day, and any parts of nets that were not observed during a pick, as explained in Section 
4. The total sample effort in a region is denoted by t , and this is again assumed to have s 

a negligible error.  Also, within a region the total take (catch) of a marine mammal or bird 
species is denoted by t .  The calculated values of t and t are shown in columns 4 and c e s 

5 of Tables 4.1 and 4.2. 

Given this notation, the take rate for the species in question is estimated to be 

r = t  / t , (6.1)c s

where this is a rate per permit day.  Then 

T = r.t . (6.2)e

is an estimate of the total take in the entire region that is equal to the estimated take per 
permit day times the total permit days of effort in the region. 

Equation (6.2) is a ratio estimator.  Standard theory (Sheaffer et al., 1990, p. 155) 
provides an equation for estimating the variance  of r, which is 

-2 (6.3)2Var(r) =[ 3 (c  - r e )  /(n - 1)] (1 / e ) (1 / n) (1 - n / N). i i 

Here N is the total number of trips that could have been made in the region by the 
observers, n is the number of trips actually made, c is the observed take on the ith trip for i -the species being considered, e  is the sampling effort on the ith trip, e is the mean i

sampling effort per trip, and the summation is over the n trips. 

Because the total sampling effort T  is assumed to be known with a negligible error the e

variance of the estimator of total take from equation (6.2) is simply 
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Var(T) = Var(r) t 2 . (6.4)e

Hence the estimated percentage coefficient of variation is 

CV(T) = SE(T) / T, (6.5) 

where SE(T) is the standard error of T, which is the square root of Var(T).  Finally, an 
approximate 95% confidence interval for the true total take is given by 

T - 2 SE(T) to T + 2 SE(T) (6.6) 

(Sheaffer et al., 1990, p. 155). This interval may be very approximate when the take rate 
is low.  Also, it is appropriate to replace the lower limit with the observed take in cases 
where the lower limit from equation (6.6) is less than the observed number. 

The equations (6.1) to (6.6) apply to the take within one region. For all regions 
combined the estimated total take is the sum of the estimates for each of the regions.  As 
the estimates for the regions are independent of each other, the variance of the estimated 
total number seriously injured or dead for all regions is the sum of the variances for the 
individual regions.  Equations (6.5) and (6.6) can be applied with the estimated total for 
all regions. 

Marine Mammal and Bird Take in 2002 

Table 6.1 lists the marine mammal and bird takes recorded by the AMMOP observers 
in 2002.  Two harbor porpoises were recorded and these were both released dead.  Four 
sea otters were also recorded, but these were all released alive without serious injuries. 
A total of 35 birds were recorded, with 11 species (common murre, harlequin duck, horned 
puffin, least auklet, marbled murrelet, pelagic cormorant, pigeon guillemot, red-faced 
cormorant, sooty shearwater, thick-billed murre, and tufted puffin). Only three of the birds 
were released alive.  The single least auklet showed moderate decomposition.  It is 
therefore assumed that it died before getting entangled in a net and is not treated as a 
fisheries take. 

Table 6.2 summarizes the results obtained for the estimation of the total take, species 
by species.  For each of the four regions observed in 2002 the table shows the number of 
animals recorded by observers, the take rate per permit day, the estimated total take, the 
estimated standard error for the total take, and the CV. The same results are shown for 
all four regions combined.  Also, the estimated total numbers released dead is shown. 

For harbor porpoises the estimated take for the whole fishery is 32.2, all dead, with a 
CV of 67.5%. An approximate 95% confidence interval for the true total take based on 
equation (6.6) but with the lower limit replaced by the observed take is then from 2 to 76 
animals.  For sea otters the estimated take for the whole fishery is 62.0, all alive without 
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serious injuries, with a CV of 58.8%. The approximate 95% confidence interval for the true 
total take in this case is 4 to 135. 

For birds the highest estimated take was for the common murre (estimate 185 with a 
confidence interval of from 79 to 292 birds, with 82% dead), tufted puffin (estimate 110, 
with an approximate 95% confidence interval of from 7 to 266 birds, with 86% dead), 
pigeon guillemot (estimate 76, with an approximate 95% confidence interval of from 11 to 
141 birds, all dead), marbled murrelet (estimate 56, with an approximate 95% confidence 
interval of from 4 to 110 birds, all dead), and red-faced cormorant (estimate 28, with an 
approximate 95% confidence interval of from 2 to 66 birds, all dead).  For the other bird 
species the estimated take was less than 20 birds (all dead), although because of the low 
numbers caught the estimates may have quite high sampling errors with estimated CVs 
are all about 95%. The estimated total take for all bird species is 528 with an approximate 
95% confidence interval of from 309 to 747. Overall 91% of the birds were dead when 
released from nets. 

When take occurred during a sampled permit day it was usually one individual of one 
species.  The exceptions were (a) two days when three individuals from different bird 
species were taken, (b) one day when two individuals from different bird species were 
taken, (c) one day when two otters and a bird were taken, and (d) one pick in Viekoda Bay 
when five tufted puffins were taken. 

Figure 6.1 illustrates the take rates for the sea otter and harbor porpoise in the four 
regions being considered, with an indication of whether the estimated take rate in a region 
was zero, at a low level (greater than zero but less than or equal to 0.04 animals per 
permit day), or a higher level (greater than 0.04 animals per permit day). For sea otters 
all interactions with the fishery were seen in Viekoda Bay.  For harbor porpoises the higher 
level was seen in the Kupreanof Straits/Central region, and the lower level in Viekoda Bay. 

Figure 6.2 illustrates the take rates for the common murre, tufted puffin, pigeon 
guillemot and marbled murrelet, which are the four species with the highest estimated take 
rates.  The take rates are relatively high (more than 0.04 birds per permit day) for the 
common murre in Uganik Bay and Uyak Bay, for the tufted puffin in Viekoda Bay, for 
pigeon guillemot in the Kupreanof Straits/Central region, and for the marbled murrelet in 
Uganik Bay.  Figure 6.2 also shows the take rates for all bird species in the different 
regions, with the highest take rate occurring in Uganik Bay. 
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Table 6.1  Marine mammal and bird takes observed in 2002.  The regions are as defined in the text and Table 4.1. 

Net location     

Record Species Condition Region Disentanglement Horizontal Vertical Injury Age Class* 

1 Sea otter Alive 2 Removal by untangling Middle third Near top third of gear No external injuries, responsive Immature 

2 Sea otter Alive 2 Momentary snag with self release First third At water surface No external injuries, responsive Adult 

3 Sea otter Alive 2 Momentary snag with self release First third Near top third of gear No external injuries, responsive Immature 

4 Sea otter Alive 2 Removal by untangling First third Near top third of gear No external injuries, responsive Immature 

Harbor porpoise Dead 2 Removal by untangling Middle third Middle third of gear Small lacerations Adult 

6 Harbor porpoise Dead 1 Removal by untangling Middle third Middle third of gear Small lacerations Adult 

7  Least auklet  Dead 4 Dislodged once out of water  First third  Unknown Moderate decomposition AHY 

8 Pelagic cormorant Dead 3 Removal by untangling First third Near bottom third of gear No external injuries, unresponsive Adult 

9 Red-faced cormorant Dead 3 Dislodged once out of water Middle third Middle third of gear No external injuries, unresponsive Adult 

Red-faced cormorant Dead 3 Removal by untangling First third Near bottom third of gear No external injuries, unresponsive Immature 

11 Harlequin duck Dead 2 Removal by untangling First third Middle third of gear No external injuries, unresponsive Adult 

12 Pigeon guillemot Dead 3 Removal by untangling First third At water surface Saturated wet plumage or oiled Adult 

13 Pigeon guillemot Dead 1 Removal by untangling First third Near top third of gear No external injuries, unresponsive Adult 

14 Pigeon guillemot Dead 2 Removal by untangling First third Near top third of gear Saturated wet plumage or oiled AHY 

Pigeon guillemot Dead 3 Removal by untangling Middle third Unknown Saturated wet plumage or oiled Juvenile 

16 Pigeon guillemot Dead 2 Removal by untangling Middle third Near top third of gear No external injuries, unresponsive Juvenile 

17 Marbled murrelet Dead 3 Removal by untangling Middle third Middle third of gear Saturated wet plumage or oiled AHY 

18 Marbled murrelet Dead 3 Dislodged once out of water Middle third At water surface No external injuries, unresponsive AHY 

19 Marbled murrelet Dead 3 Removal by untangling Middle third Near top third of gear Large wounds & excessive bleeding Adult 

Marbled murrelet Dead 3 Removal by untangling Middle third Unknown No external injuries, unresponsive Adult 

21 Common murre Alive 3 Removal by untangling Final third Near top third of gear No external injuries, responsive Unknown 

22 Common murre Alive 4 Removal by untangling Final third At water surface Unknown AHY 

23 Common murre Dead 4 Removal by untangling Middle third Unknown Small lacerations, missing plumage AHY 

24 Common murre Dead 4 Dislodged once out of water  Middle third  Middle third of gear  Saturated wet plumage or oiled AHY 

Common murre Dead 4 Removal by untangling Middle third Unknown No external injuries, unresponsive AHY 

26 Common murre Dead 3 Removal by untangling Middle third Middle third of gear Saturated wet plumage or oiled AHY 

27 Common murre Dead 3 Removal by untangling Middle third Unknown Saturated wet plumage or oiled AHY 

28 Common murre Dead 4 Removal by untangling First third Unknown Saturated wet plumage or oiled Adult 

29 Common murre Dead 4 Removal by untangling Middle third Near top third of gear No external injuries, unresponsive AHY 

Common murre Dead 3 Unknown Unknown Unknown Unknown Unknown 

31 Common murre Dead 4 Removal by untangling Middle third Near bottom third of gear Saturated wet plumage or oiled AHY 

32 Thick-billed murre Dead 3 Removal by untangling First third Middle third of gear Saturated wet plumage or oiled AHY 

33 Horned puffin Dead 3 Removal by untangling First third Middle third of gear Saturated wet plumage or oiled AHY 

34 Tufted puffin Alive 3 Removal by untangling First third Near top third of gear No external injuries, responsive AHY 

Tufted puffin Dead 2 Removal by untangling First third Unknown No external injuries, unresponsive AHY 

36 Tufted puffin Dead 2 Removal by untangling First third Unknown No external injuries, unresponsive AHY 

37 Tufted puffin Dead 2 Removal by untangling First third Unknown No external injuries, unresponsive AHY 

38 Tufted puffin Dead 2 Removal by untangling First third Unknown No external injuries, unresponsive AHY 

39 Tufted puffin Dead 2 Removal by untangling First third Unknown No external injuries, unresponsive AHY 

Tufted puffin Dead 4 Removal by untangling First third At water surface No external injuries, unresponsive AHY 

41 Sooty shearwater Dead 3 Removal by untangling First third Near top third of gear No external injuries, unresponsive AHY 

*AHY = after hatch year birds. 



 

Table 6.2  Observed take rates (the number of animals divided by the fishing effort in permit days) and the estimated total takes, by 
fishing regions, with estimated standard errors and coefficients of variation for the total take estimates, for 2002. 

Region* 

Harbor 

Sea Otter Porpoise 

Thick- Sooty 

Pelagic Red-faced Harlequin Pigeon Marbled Common Billed Horned Tufted Shear-

Cormorant Cormorant Duck Guillemot Murrelet Murre Murre Puffin Puffin water All Birds 

KI1A Take 0 1 0 0 0 1 0 0 0 0 0 0 1 

Take rate  0.000  0.042  0.000  0.000  0.000  0.042  0.000  0.000  0.000  0.000  0.000  0.000  0.042 

Est Take 0.0 16.7 0.0 0.0 0.0 16.7 0.0 0.0 0.0 0.0 0.0 0.0 16.7 

Est SE 0.0 15.8 0.0 0.0 0.0 16.1 0.0 0.0 0.0 0.0 0.0 0.0 16.1 

CV (%) 94.4 96.7 96.7 

KI1B Take 4 1 0 0 1 2 0 0 0 0 5 0 8 

Take rate  0.063  0.016  0.000  0.000  0.016  0.031  0.000  0.000  0.000  0.000  0.079  0.000  0.126 

Est Take 62.0 15.5 0.0 0.0 15.5 31.0 0.0 0.0 0.0 0.0 77.5 0.0 123.9 

Est SE 36.4 15.0 0.0 0.0 14.9 20.9 0.0 0.0 0.0 0.0 74.7 0.0 79.0 

CV (%) 58.8 96.6 96.4 67.3 96.5 63.7 

KI1C Take 0 0 1 2 0 2 4 4 1 1 1 1 17 

Take rate  0.000  0.000  0.012  0.024  0.000  0.024  0.048  0.048  0.012  0.012  0.012  0.012  0.204 

Est Take 0.0 0.0 14.1 28.2 0.0 28.2 56.4 56.4 14.1 14.1 14.1 14.1 239.6 

Est SE 0.0 0.0 13.4 18.9 0.0 19.0 26.9 26.4 13.5 13.3 13.5 13.5 55.2 

CV (%) 95.1 67.1 67.6 47.6 46.8 96.0 94.6 96.0 95.8 23.0 

KI2 Take 0 0 0 0 0 0 0 7 0 0 1 0 8 

Take rate  0.000  0.000  0.000  0.000  0.000  0.000  0.000  0.050  0.000  0.000  0.007  0.000  0.058 

Est Take 0.0 0.0 0.0 0.0 0.0 0.0 0.0 129.1 0.0 0.0 18.4 0.0 147.5 

Est SE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 46.3 0.0 0.0 17.8 0.0 49.6 

CV (%) 35.9 96.4 33.6 

All Take 4 2 1 2 1 5 4 11 1 1 7 1 34 

Take rate  0.013  0.006  0.003  0.006  0.003  0.016  0.013  0.036  0.003  0.003  0.023  0.003  0.110 

Est Take 62.0 32.2 14.1 28.2 15.5 75.9 56.4 185.4 14.1 14.1 110.0 14.1 527.7 

Est SE 36.4 21.7 13.4 18.9 14.9 32.5 26.9 53.3 13.5 13.3 78.0 13.5 109.6 

CV (%) 58.8 67.5 95.1 67.1 96.4 42.9 47.6 28.8 96.0 94.6 70.9 95.8 20.8 

Estimated number 

seriously injured or 

dead None All All All All All All 151.7 All All 94.3 All 478.3 

* The regions are defined in Section 3 of this report. 



 
 

 

Figure 6.1  Take rates for sea otters and harbor porpoises in 2002 
(classified as none, 0.00 to 0.04 per permit day, and more than 0.04 
animals per permit day) in the four regions fished that year.  The 
locations where setnet permits may be fished are also indicated.  All 
sea otters were released alive and uninjured but all harbor porpoise 
were released dead. 
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Figure 6.2  Take rates in 2002 (classified as none, 0.00 to 0.04 per 
permit day, and more than 0.04 animals per permit day for the 
individual species) in the four study regions for the common murre, 
tufted puffin, pigeon guillemot and marbled murrelet.  The locations 
where setnet permits may be fished are also indicated, as are the 
locations and sizes of colonies for the first three species.  Take rates 
for all birds are also shown in part (e) of the figure.  Overall, 82% of 
common murres, 86% of tufted puffins, 100% of pigeon guillemots, 
100% of marbled murrelets, and 91% of all birds are estimated to be 
dead on release. 
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Figure 6.2, Continued. 

Marine Mammal and Bird Take in 2005 

Table 6.3 lists the marine mammal and bird take recorded by the AMMOP observers 
in 2005.  Two harbor porpoises were recorded, but these were the only mammals that were 
observed with death or serious injury involved.  An otter of an unknown species had a brief 
interaction with nets but was not injured.  A total of 55 birds were recorded, with nine 
species (common murre, harlequin duck, Kittlitz's murrelet, marbled murrelet, pelagic 
cormorant, pigeon guillemot, thick-billed murre, tufted puffin, and white-winged scoter). 
All were released dead. 

Table 6.4 summarizes the results obtained for the estimation of the total take, species 
by species.  For each of the seven regions observed in 2005 the table shows the number 
of animals recorded as take, the take rate per permit day, the estimated total take, the 
estimated standard error for the total take, and the CV. 

The estimated total take of dead harbor porpoises is 39, with an approximate 95% 
confidence interval from 2 to 94.  No estimates are provided based on the otter shown in 
Table 6.3 because the species is unknown and is unknown and it was only snagged in a 
net briefly before it released itself. 
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Table 6.4  Observed take rates (the number of animals divided by the fishing effort in permit days) and the 
estimated total takes, by fishing regions, with estimated standard errors and coefficients of variation for the total 
take estimates, for 2005. 

Region* 

Harbor Unknown 

Porpoise Otter 

Thick- W hite-

Pelagic Harlequin Pigeon Marbled Kittlitz's Common billed Tufted winged 

Cormorant Duck Guillemot Murrelet Murrelet Murre Murre Puffin Scoter 

All 

Birds 

KI1A Take 0 1 1 0 0 3 0 0 0 0 0 4 

Take Rate 0 0.033 0.033 0.000 0.000 0.099 0 0 0.000 0.000 0.000 0.132 

Est. Take 0 27.8 27.8 0.0 0.0 83.5 0.0 0 0.0 0.0 0.0 111.4 

SE 0 27.1 27.0 0.0 0.0 59.2 0.0 0 0.0 0.0 0.0 65.1 

CV (%) 97.2 97.0 70.8 58.4 

KI1B Take 0 0 1 0 1 0 0 5 0 1 0 8 

Take Rate 0 0 0.013 0.000 0.013 0.000 0.000 0.067 0.000 0.013 0.000 0.107 

Est. Take 0 0 17.2 0.0 17.2 0.0 0.0 85.8 0.0 17.2 0.0 137.2 

SE 0 0 16.5 0.0 16.5 0.0 0.0 42.1 0.0 16.8 0.0 51 

CV (%) 96.3 96.3 49.2 97.7 37.2 

KI1C Take 2 0 4 1 2 3 0 14 1 4 0 29 

Take Rate 0.02 0 0.041 0.010 0.020 0.031 0.000 0.142 0.010 0.041 0.000 0.295 

Est. Take 39.4 0 78.8 19.7 39.4 59.1 0.0 275.7 19.7 78.8 0.0 571.1 

SE 27.1 0 46.5 19.0 26.8 32.2 0.0 142.8 19.3 37.9 0.0 162.7 

CV (%) 68.9 59.1 96.7 68.1 54.6 51.8 97.8 48.1 28.5 

KI2 Take 0 0 0 0 2 0 0 4 0 0 1 7 

Take Rate 0 0 0.000 0.000 0.011 0.000 0.000 0.023 0.000 0.000 0.006 0.039 

Est. Take 0 0 0.0 0.0 43.0 0.0 0.0 85.9 0.0 0.0 21.5 150.4 

SE 0 0 0.0 0.0 29.8 0.0 0.0 41.4 0.0 0.0 21.1 55.2 

CV (%) 69.3 48.2 98.1 36.7 

KI3 Take 0 0 0 0 0 0 0 0 0 0 0 0 

Take Rate 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0 

Est. Take 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 

SE 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 

CV (%) 

KI4 Take 0 0 0 0 0 0 0 0 0 0 0 0 

Take Rate 0 0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0 

Est. Take 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 

SE 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 

CV (%) 

KI5 Take 0 0 3 0 1 0 1 2 0 0 0 7 

Take Rate 0 0 0.044 0.000 0.015 0.000 0.015 0.029 0.000 0.000 0.000 0.103 

Est. Take 0 0 54.2 0.0 18.1 0.0 18.1 36.1 0.0 0.0 0.0 126.5 

SE 0 0 27.1 0.0 16.6 0.0 16.8 22.6 0.0 0.0 0.0 42.4 

CV (%) 53.1 97.3 98.4 66.2 33.5 

All Take 2 1 9 1 6 6 1 25 1 5 1 55 

Take Rate 0.004 0.002 0.017 0.002 0.011 0.011 0.002 0.047 0.002 0.009 0.002 0.103 

Est. Take 39.4 27.8 178.0 19.7 117.6 142.6 18.1 483.5 19.7 95.9 21.5 1096.6 

SE 27.1 27.1 62.5 19.0 46.4 67.4 16.8 156.2 19.3 41.4 21.1 195.4 

CV (%) 68.9 97.2 35.7 96.7 39.5 47.3 92.7 32.3 97.8 43.2 98.1 17.8 

*The regions are defined on Section 3 of this report. 
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For birds the highest estimated mortality rate is for common murres (estimate 481, with 
an approximate 95% confidence interval of from 169 to 794), pelagic cormorants (estimate 
175, with an approximate 95% confidence interval of from 50 to 300), marbled murrelets 
(estimate 143, with an approximate 95% confidence interval of from 8 to 277), pigeon 
guillemots (estimate 117, with an approximate 95% confidence interval of from 24 to 209), 
and tufted puffins (estimate 96, with an approximate 95% confidence interval of from 13 
to 179).  For the other bird species the estimated mortality rates are less than 25 birds, 
although because of the low numbers caught the estimates have quite high sampling 
errors with estimated CVs of 97% or more.  For all birds the estimated mortality rate 
through interactions with the fishery is estimated to be 1089 with an approximate 95% 
confidence interval from 699 to 1480. 

When take occurred during a sampled permit day it was usually one bird or mammal. 
The exceptions were (a) one day when four birds (three species) were taken, (b) six days 
when two birds (one or two species) were taken, and (c) one day when seven common 
murres were taken in Uganik Bay. 

Figure 6.3  Harbor porpoise take rates in 2005 (classified as none, 0.00 
to 0.04 per permit day, and more than 0.04 animals per permit day) in 
the seven regions. The locations where setnet permits may be fished 
are also indicated.  All harbor porpoises were released dead. 

Figure 6.3 illustrates the take rates for the harbor porpoise in the seven regions being 
considered.  Figure 6.4 illustrates the take rates for the common murres, pelagic 
cormorants, marbled murrelets, pigeon guillemots, and tufted puffins, which are the five 
species with the highest estimated take rates.  Figure 6.4 also illustrates the take rates in 
different regions for all bird species.  The take rates are relatively high (more than 0.04 
birds per permit day) for marbled murrelets in Kupreanof Straits, common murres in 
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Viekoda Bay,  pelagic cormorants and common murres in Uganik Bay, and pelagic 
cormorants in Alitak Bay. 

Figure 6.4 Take rates in 2005 in the seven study regions for common 
murres, pelagic cormorants, marbled murrelets, pigeon guillemots, 
tufted puffins, and all birds.  All birds were released dead in 2005. 
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7.  Marine Mammal and Bird Sightings 

Marine Mammal Sightings in 2002 

In 2002 observers recorded sightings of marine mammals both in the usual course of 
watching nets and also casually at other times. They also commented on the behavior of 
the animals.  The observer's comments are recorded in Appendix E.  The observers did 
not record resightings, so that if they saw the same animal again at a later time then this 
was not recorded. In cases where they were not sure whether it was a new animal they 
commented on this.  The recorded distance of the mammals was for the initial sighting. 

There are many comments on the behavior of sea otters, and a few comments on the 
behavior of river or unidentified otters. Although otters apparently often swim over or 
under the fishing nets, there are only three comments (on 1 July, 15 July and 11 August) 
indicating that the otters were eating fish in the nets. Two of these comments concerned 
river otters and the other was concerned with an unidentified otter.  One further comment 
(on 29 July) concerns a sea otter getting entangled in the gear for about ten seconds. 

There are a few comments on Dall's porpoises, more on harbor porpoises, and two 
comments on unidentified porpoises or dolphins.  In most cases the animals were not close 
to the nets, and there are no records of interactions with the gear. 

There are frequent comments on the behavior of Steller sea lions.  Many of these 
indicate aggressive behavior by the animals, with them taking many fish from the nets, and 
throwing these around in the sea.  Often fishers seem to have had considerable difficulties 
with these animals and sometimes sent them off with seal bombs.  One observation (on 
17 July at 1304) is of sea lions apparently herding fish into the net. Although they were 
eating the fish they may also have been increasing the catch by their behavior. 

There are a few comments on unidentified seal or other sightings, and many more 
comments on harbor seal behavior. These animals were often seen quite close to nets, 
and sometimes swam under nets.  There are only four records of harbor seals feeding on 
fish from the nets (two on 30 June and two on 25 July). 

There are also a large number of comments on whale sightings.  These were usually 
a considerable distance from nets, with no possibility of an interaction, and are not 
recorded in Appendix E.  However, sightings 50m or less from nets were recorded (on 22 
July, 25 July, 2 August and 17 August). 

Table 7.1 shows a summary of the mammal sightings in four distance classes 0m 
(touching the gear), 1 to 10m, 11 to 100m, and greater than 100m. The results are shown 
separately for set/soak watches and haul watches, with the set and soak watches 
combined because there were only 35 set watches, compared with 966 soak watches and 
1488 haul watches. 
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Table 7.1  Summary of mammal sightings with results shown separately for set 
or soak watches and haul watches, and also for for distance of the animal from 
the fishing gear. The counts are the total numbers of animals seen for all watches 
of the type stated, in the distance range stated.  The per hour values are the 
counts divided by the total watch times. 

Distance  from Gear 0m 1 - 10m 11 - 100m > 100m 

Sightings for 755.0 Hours of Set or Soak Watches 
Per Per Per Per 

Count Hour Count Hour Count Hour Count Hour 
River Otter 10 0.013 11 0.015 4 0.005 0 0.000 
Sea Otter 51 0.068 26 0.034 94 0.125 55 0.073 
Dall's Porpoise 0 0.000 0 0.000 4 0.005 0 0.000 
Harbor Porpoise 0 0.000 3 0.004 16 0.021 19 0.025 
Steller Sea Lion 98 0.130 46 0.061 22 0.029 9 0.012 
Harbor Seal 4 0.005 15 0.020 31 0.041 5 0.007 
Small Mammal* 1 0.001 0 0.000 3 0.004 0 0.000 
Baleen Whale 0 0.000 0 0.000 2 0.003 11 0.015 
Fin Whale 0 0.000 0 0.000 1 0.001 37 0.049 
Humpback Whale 0 0.000 0 0.000 0 0.000 9 0.012 
Sei Whale 0 0.000 0 0.000 0 0.000 1 0.001 
Whale* 0 0.000 0 0.000 3 0.004 35 0.046 

Sightings From 991.8 Hours of Haul Watches 
Per Per Per Per 

Count Hour Count Hour Count Hour Count Hour 
River Otter 2 0.002 0 0.000 0 0.000 0 0.000 
Sea Otter 19 0.019 13 0.013 42 0.042 15 0.015 
Dall's Porpoise 0 0.000 0 0.000 0 0.000 0 0.000 
Harbor Porpoise 0 0.000 2 0.002 11 0.011 4 0.004 
Steller Sea Lion 33 0.033 20 0.020 10 0.010 0 0.000 
Harbor Seal 3 0.003 4 0.004 6 0.006 0 0.000 
Small Mammal* 0 0.000 2 0.002 0 0.000 1 0.001 
Baleen Whale 0 0.000 0 0.000 0 0.000 0 0.000 
Fin Whale 0 0.000 0 0.000 0 0.000 13 0.013 
Humpback Whale 0 0.000 1 0.001 0 0.000 1 0.001 
Sei Whale 0 0.000 0 0.000 0 0.000 0 0.000 
Whale* 0 0.000 0 0.000 0 0.000 5 0.005 
*Unidentified sightings. 

The most commonly seen animals were sea otters and Steller sea lions, with the sea 
otter sightings tending to be from 10 to 100m from the gear and the sea lion sightings 
tending to be very close to the gear or touching it.  Other mammals sighted quite often 
were river otters (during set or soak watches), harbor porpoises (usually some distance 
from the gear), harbor seals (also usually some distance from the gear), and whales (far 
from the gear).  These observations are consistent with the observer's comments about 
the behavior of the different species. 

The counts in Table 7.1 were analyzed using log-linear models (McCullagh and Nelder, 
1989), excluding the results for species with very low counts (Dall's porpoises and sei 
whales) and the unidentified small mammals and whales. The analyses were carried out 
using GenStat (Lawes Agricultural Trust, 2006). Log-linear models are designed for the 
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analysis of count data. It is assumed with these models that the expected value of a count 
can be accounted for by linear effects of the variables and factors associated with the 
count. 

Other things being equal, the number of sightings of a species is expected to be 
proportional to the number of watch hours.  This can be allowed for in an analysis through 
the use of an offset variable.  The form of the model for a count N is then 

N = (WH)Exp{â0 + â1 1X  + ... + â X } + åp p  

where WH denotes the number of watch hours, the linear combination â0 + â1 1X + ... + â Xp p  

takes into account the effects of variables and factors as measured by X  to X , â  to â  are 1 p 0 p 

parameters to be estimated, and å denotes the sampling error in the count.  This equation 
can be rewritten as 

N = Exp{Ln(WH) + â  + â X  + ... + â X } + å, (7.1)0  1 1  p p  

where Ln(WH), the natural logarithm of WH, is called the offset variable. 

In the present case there are three factors to be considered.  The first is the species, 
the second is the distance from the net (0m, 1-10m, 11-100m and > 100m), and the third 
is the type of watch (set/soak or haul). It was found that to describe the data it is 
necessary to assume the existence of all factor effects and their two factor interactions. 
The interactions are the SpeciesxDistance interaction (the distribution of the sighting 
distance varies with the species), the SpeciesxWatch Type interaction (the relative 
abundance of species sightings is not the same for the two types of watch, and the 
DistancexWatch Type interaction (the distribution of sighting distances is not the same for 
the two types of watch). 

As an example of the first type of interaction, it can be seen that river otters were 
usually sighted close to a net but humpback whales were always sighted more than 100m 
from a net.  As an example of the second type of interaction it can be seen that river otters 
were seen 25 times during set/soak watches, but only twice during haul watches. 
Presumably this is because they tend to avoid nets when activity is taking place.  As an 
example of the third type of interaction it can be seen that 99 whales were recorded 10m 
or more from nets during set/soak watches, but only 19 times during haul watches. 
Presumably this is because the observers were mainly watching the nets while hauls were 
taking place, rather than looking further away. 

Marine Bird Sightings in 2002 

In 2002 FWS observers made systematic net and horizon scans for birds as part of 
their duties while observing fishing. These scans were done while nets were soaking, with 
one hour being the basic unit of time. When associated with a pick observation, if allowed 
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by the conditions and logistics, soak watches were done during the hour before and the 
hour following the pick observation, and were done for up to four hours at the same net. 
During a watch hour scans were made approximately every 15 minutes and bird proximity 
to nets was recorded in the categories of 0 (touching the net), 1-10m, 11-100, and 
100-300m.  To obtain reasonably large counts the categories are reduced here to less 
than 10m from the net and 10m or more from the net. During haul watches, scans were 
made every five minutes to count birds within 10m of the net. 

Table 7.2 shows a summary of the data. Black-legged kittiwakes and gulls were the 
most common birds sighted within 10m of nets, as well as in the general area of nets 
(within 300m), on air or in the water, although they were not present in the take.  Murres 
had the lowest sighting rates of alcids and were rarely observed on water or in the air. 
However, they were the main take.  Among colonially nesting alcids, guillemots were the 
most common on water less than 10m from nets, as were horned puffins, suggesting a 
greater risk of take.  Tufted puffins were observed in lower numbers on the water near 
nets, but were the most common alcid observed flying in the vicinity.  Pigeon guillemots, 
horned puffins and tufted puffins were all common in the area with some take.  Among non-
colonial birds the marbled murrelet was most commonly seen near nets and in the air in 
the area, but still in low numbers compared to the larger alcids and larids. 

A log-linear model analysis was conducted on the counts in Table 7.2. This was similar 
to the analysis described above for the marine mammal counts in Table 7.1, except that 
two of the factors are not the same.  The species factor is still present, with the species 
shown in Table 7.2. A second factor is the location of the first sighting.  For this the four 
levels are less than 10m on the water, 10m or more on the water, less than 10m in the air, 
and 10m or more in the air. The third factor is the type of scan, which is either a horizon 
scan or a net scan. The different number of horizon and net scans was allowed for using 
an offset variable. 

It was found that to describe the data the data the existence must be assumed for the 
three factor effects, the LocationxScan Type interaction, and the SpeciesxLocation 
interaction, while the SpeciesxScan Type interaction is not significant at the 5% level. The 
significant LocationxScan Type interaction indicates that the distribution of counts over the 
four location classes varied with the two types of scan.  For example, the number of birds 
recorded in the air 10m or more from the net was much higher with horizon scans than with 
net scans, which is hardly surprising as the observers would have been concentrating on 
the nets. The significant SpeciesxLocation interaction indicates that different species tend 
to be seen in different locations. For example, gulls were often recorded in the water but 
terns were only recorded in the air.  The lack of significance of the SpeciesxScan Type 
interaction implies that the differences in counts between the two scan types are similar 
for all of the species. 
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Figure 7.1 shows sighting rates in different regions of the fishery for the bird species 
most involved in the fisheries take (all cormorants, all murres, pigeon guillemot, tufted 
puffins, and all murrelets). 

Table 7.2  Summary of bird sightings, with values shown separately for eight categories 
of observations depending upon whether birds were on the water or in the air, close (< 
10m) or further from the gear, and seen during net or horizon scans. The total number 
of birds gives the birds sighted by all observers at all times.  The mean sightings per hour 
are the mean per 12 scans, assuming each scan takes about 5 minutes. 

Results From 1561 Horizon Scans 
Position of Bird On Water On Water In Air   In Air 

Distance to Gear Less Than 10m 10m or More Less Than 10m 10m or More 

Total Per Total Per Total Per Total Per 
Birds Hour Birds Hour Birds Hour Birds Hour 

Colonial Species 
Cormorants 1 0.008 7 0.054 17 0.131 8 0.061 
Black Legged Kittiwake 81 0.623 108 0.830 1120 8.610 1207  9.279 
Gulls 59 0.454 48 0.369 165 1.268 232 1.783 
Terns 0 0.000 0 0.000 62 0.477 24 0.184 
Murres 1 0.008 3 0.023 1 0.008 2 0.015 
Pigeon Guillemot 16 0.123 92 0.707 8 0.061 21 0.161 
Tufted Puffin 2 0.015 32 0.246 40 0.307 107 0.823 
Horned Puffin 19 0.146 34 0.261 8 0.061 14 0.108 

Non-Colonial Species 
Marbled Murrelet 13 0.100 22 0.169 8 0.061 16 0.123 
Harlequin Duck 1 0.008 21 0.161 3 0.023 10 0.077 
Ducks and Scoters 0 0.000 0 0.000 0 0.000 17 0.131 
Jeager 0 0.000 0 0.000 5 0.038 2 0.015 
Other 8 0.061 60 0.461 39 0.300 56 0.430 

Results From 2462 Net Scans 
Position of Bird On Water  On Water   In Air In Air 

Distance to Gear Less Than 10m 10m or More Less Than 10m 10m or More 

Total Per Total Per Total Per Total Per 
Birds Hour Birds Hour Birds Hour Birds Hour 

Colonial Species 
Cormorants 1 0.005 1 0.005 35 0.171 14 0.068 
Black Legged Kittiwake 57 0.278 4 0.019 1415 6.897 150 0.731 
Gulls 52 0.253 0 0.000 211 1.028 15 0.073 
Terns 0 0.000 0 0.000 43 0.210 11 0.054 
Murres 0 0.000 0 0.000 0 0.000 0 0.000 
Pigeon Guillemot 17 0.083 11 0.054 30 0.146 0 0.000 
Tufted Puffin 17 0.083 0 0.000 38 0.185 4 0.019 
Horned Puffin 20 0.097 0 0.000 0 0.000 0 0.000 

Non-Colonial Species 
Marbled Murrelet 3 0.015 6 0.029 2 0.010 13 0.063 
Harlequin Duck 0 0.000 0 0.000 1 0.005 5 0.024 
Ducks and Scoters 0 0.000 0 0.000 0 0.000 0 0.000 
Jeager 0 0.000 0 0.000 7 0.034 0 0.000 
Other 2 0.010 7 0.034 17 0.083 11 0.054 
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Figure 7.1  Sightings per hour for the four observed regions in 
2002 for (a) all cormorants, (b) all murres, (c) pigeon 
guillemots, (d) tufted puffins, and (e) all murrelets. 
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Figure 7.1 (Continued) 

Marine Mammal Sightings in 2005 

In 2005 the observers again recorded sightings of marine mammals both in the usual 
course of watching nets and also casually at other times.  They also commented on the 
behavior of the animals.  The procedures followed were the same as were used in 2002. 
The observer's comments are recorded in Appendix F. 

There is one comment on an unidentified otter, a few comments on river otters, and 
many comments on sea otters.  The river otters were often close to the net and feeding on 
the catch.  By contrast, there were only four comments involving sea otters feeding on the 
catch (on June 1 and June 4).  It seems unusual that these comments were so close in 
time, but possibly it was the same sea otter or otters involved. In 2002 no sea otters were 
recorded feeding on the catch.  In both years river and sea otters were often seen 
swimming over or under nets. 

There is one comment on an unidentified pinniped, and seven comments on 
unidentified porpoises or dolphins.  These did not involve any interactions with nets. 
There were more sightings of Dall's porpoises, and many more sightings of harbor 
porpoises.  Most of the porpoise sightings were not close to nets. No interactions with nets 
were reported, although in one case (on 4 August) a harbor porpoise seems to have swum 
under a net. 

As for 2002, there are frequent comments on the behavior of Steller sea lions in 2005. 
Also, as in 2005, many of the comments indicate aggressive behavior by the animals, with 
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them taking many fish from the nets, and throwing these around in the sea.  Often fishers 
seem to have had considerable difficulties with these animals and sometimes sent them 
off with seal bombs. 

There are three comments on unidentified seals, and many more comments on harbor 
seals. These animals were often seen very close to nets, and sometimes swam under or 
over nets.  There are many records of harbor seals feeding on fish from the nets. 

As in 2002 there are also a large number of comments on whale sightings.  These were 
usually a considerable distance from nets, with no possibility of an interaction, and are not 
recorded in Appendix F. However, sightings closer than 50m from nets were recorded (on 
14 June, 14 July, and 10 August). 

Table 7.3 shows a summary of the mammal sightings in four distance classes 0m 
(touching the gear), 1 to 10m, 11 to 100m, and greater than 100m.  The results are shown 
separately for set/soak watches and haul watches, with the set and soak watches 
combined as in 2002 because of the small amount of time spent on set watches. 

The most commonly seen animals were sea otters, Steller sea lions and harbor seals, 
with harbor seals being seen more often than they were in 2002.  During set or soak 
watches these animals were seen at all distances from nets, but usually close to nets 
during haul watches.  Other mammals sighted quite often were river otters (during set or 
soak watches), Dall's porpoises (more than 10m from nets), harbor porpoises (usually 
some distance from the gear), and whales (usually far from the gear). 

As was done for the 2002 counts in Table 7.1, the counts in Table 7.3 were analyzed 
using log-linear models, excluding the results for species with very low counts (Minke and 
humpback whales) and the unidentified small mammals and whales.  As for 2002 the three 
factors considered were the species, the distance from the net (0m, 1-10m, 11-100m and 
> 100m), and the type of watch (set/soak or haul).  As was the case for the 2002 data it 
was found that to describe the data it is necessary to assume the existence of all factor 
effects and their two factor interactions.  There is therefore evidence that the different 
species have different distributions of their sighting distance from nets  (the 
SpeciesxDistance interaction),  the relative abundance of species sightings is not the same 
for the two types of watch (the SpeciesxWatch type interaction), and the distribution of 
sighting distances is not the same for the two types of watch (the DistancexWatch Type 
interaction). 
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Table 7.3  Summary of mammal sightings with results shown separately for set or soak 
watches and haul watches, and also for for distance of the animal from the fishing 
gear.  The counts are the total numbers of animals seen for all watches of the type 
stated, in the distance range stated. The per hour values are the counts divided by the 
total watch times. 

Distance from Gear 0 1-10m 11-100m > 100m 

Sightings from 828.4 Hours of Set or Soak Watches 
Per Per Per Per 

Count Hour Count Hour Count Hour Count Hour 
River Otter  14  0.017  0  0.000  10  0.012  1  0.001 
Sea Otter  61  0.074  39  0.047  122  0.147  106  0.128 
Dall's Porpoise  0  0.000  0  0.000  3  0.004  23  0.028 
Harbor Porpoise  1  0.001  8  0.010  22  0.027  13  0.016 
Steller Sea Lion  131  0.158  25  0.030  29  0.035  8  0.010 
Harbor Seal  35  0.042  52  0.063  69  0.083  40  0.048 
Small Mammal*  0  0.000  5  0.006  6  0.007  0  0.000 
Baleen Whale  0  0.000  0  0.000  0  0.000  68  0.082 
Fin Whale  0  0.000  0  0.000  0  0.000  33  0.040 
Killer Whale  0  0.000  0  0.000  2  0.002  0  0.000 
Minke Whale  0  0.000  1  0.001  0  0.000  0  0.000 
Sei/Fin Whale  0  0.000  0  0.000  0  0.000  48  0.058 
Whale*  0  0.000  0  0.000  0  0.000  109  0.132 

Sightings from 1222.2 Hours of Haul Watches 
Per Per Per Per 

Count Hour Count Hour Count Hour Count Hour 
Sea Otter 6  0.005 11  0.009 39  0.032 16  0.013 
Dall's Porpoise 0  0.000 0  0.000 5  0.004 0  0.000 
Harbor Porpoise 0  0.000 1  0.001 8  0.007 3  0.002 
Steller Sea Lion 28  0.023 3  0.002 4  0.003 0  0.000 
Harbor Seal 11  0.009 29  0.024 12  0.010 0  0.000 
Baleen Whale 0  0.000 0  0.000 0  0.000 14  0.011 
Fin Whale 0  0.000 0  0.000 0  0.000 2  0.002 
Humpback Whale 0  0.000 1  0.001 0  0.000 0  0.000 
Killer Whale 0  0.000 0  0.000 0  0.000 25  0.020 
Sei/Fin Whale 0  0.000 0  0.000 0  0.000 10  0.008 
Whale* 0  0.000 0  0.000 2  0.002 33  0.027 
*Unidentified sightings 

Marine Bird Sightings in 2005 

The FWS observers were not present in 2005 to report bird sightings.  There are 
therefore no records for this year. 
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8.  Marine Mammal and Bird Strandings 

Marine Mammal Strandings in 2002 

Six strandings of dead mammals were recorded during the 2002 observations in 
Kodiak. A stranding is considered to be a mammal that was found dead (either floating or 
ashore), with no known cause of death. 

On July 22nd, 2002 an observer found a Steller sea lion washed on the beach in 
Ouzinkie Pass in statistical area 25939. The sea lion was moderately decomposed and 
was reported to the stranding network.  The observer secured the carcass to shore for the 
stranding network to evaluate.  The carcass, 321 cm long, was not relocated for further 
examination and cause of death is unknown.  

On July 30th, 2002, on the northeast side of Uganik Bay in statistical area 25311, a 
Steller sea lion, moderately decomposed, was found floating about 100meters from a set 
net.  Some nearby fishermen assisted the observer in towing it ashore for further study. 
The length was 225 cm and the head was collected for the stranding network. The 
observer saw no obvious cause of death and there were starfish feeding on the carcass. 

On August 9th, 2002, a Steller sea lion, approximately 180 cm in length, was found 
floating off the northwest point of Cape Uganik in statistical area 25314.  It was in 
advanced stages of decomposition and no cause of death could be determined. The head 
was collected for the stranding network. 

On August 7th, 2002 a headless harbor seal was found floating 25 m from a set net in 
Larsen Bay, statistical area 25420. The seal was female, approximately 75 cm in length. 
The cause of death or signs of human interaction could not be determined.  The carcass 
was collected for the stranding network. 

On August 15, 2002 a harbor seal was found on shore, moderately decomposed, in the 
southern area of Uganik Bay, in statistical area 25313. Samples were collected and no 
signs of human interaction were noticeable. 

On June 16, 2002 a floating, partially decomposed river otter was sighted in Alitak Bay 
in statistical area 25741. 

Marine Bird Strandings in 2002 

A horned puffin was found dead, floating near a set net off of Harvester Island in 
Larsen Bay by an observer on August 19.  It was not counted as take, but the carcass was 
saved and processed. It was in summer plumage, with no molt or brood patch detected. 
It was not emaciated, and weighed 570 g (wet). 
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Marine Mammal Strandings in 2005 

In 2005 observers encountered 13 mammal carcasses in situations unrelated to a 
fisheries take, eight during trips and six not during trips.  In addition, an observer reported 
that the skiff that they were traveling in may have injured a sea otter.  One of the animals 
was a brown bear. 

On June 20 an observer encountered both a brown bear and a sea otter carcass about 
midway through a haul.  The sea otter carcass was floating and touching the nest, but 
decomposed but no injury, unusual marks or missing hair was found.  The fishers said that 
they had seen a dead sea otter floating around earlier. 

On June 22 an observer encountered an unknown baleen whale. He was informed by 
the permit holder that a dead whale about 30 foot long had washed in close to the nets on 
June 12, and then drifted off in a southerly direction. The observed found the whale on 
a nearby beach and took skin samples. 

On 25 June an observer not on a trip saw a dead humpback whale in Alitak Bay's 
Tanner Head, on the east side. This was a male sub-adult, 9.5 m in length, with net marks. 

On 26 June an observer not on a trip saw a humpback whale in Alitak Bay at Cape 
Alitak.  The head and front half of the body are missing.  Blubber and skin samples were 
taken.  According to some fishers the carcass was in the same place June 19. 

On 29 June an observer encountered a river otter carcass. 

On July 1 an observed not on a trip found a humpback whale carcass.  It was found 
floating in Uyak Bay, with the ventral surface upwards. Fin clip and blubber samples were 
taken.  The whale appeared to have fresh scrape marks on the right pectoral fin, that were 
possibly teeth marks, and had a hole through the right portion of fluke.  There were also 
marks that could have beeen rope or line marks around the base of the tail and forward. 
The carcass had not been dead long according to texture and odor. 

On 22 July an observer on a trip encountered a decomposed adult male Steller sea lion 
carcass.  It was on a beach, near the high tide line, approximately 50 m from a net. 

On 26 July an observer on a trip encountered a minke whale carcass on the beach in 
Alitak Bay.  There were no signs of a human interaction. 

On 29 July an observer on a trip encountered a freshly dead sub-adult male sea otter 
floating about 150 m from the set net. A skin sample was taken There was no evidence 
of any interaction between the otter and fishing gear, and the animal had no broken bones 
or lacerations. 
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On August 1 an observer not on a trip observed a dead beached humpback whale. 
Skin and blubber samples were taken.  There were no signs of a human interaction. 

On 12 August two dead humpback whales were recorded. The first was found at Cape 
Trinity.  It was in the surf and difficult to get to so no samples were taken.  It was an adult 
or maybe sub-adult whale, with moderate decomposition, but no obvious signs of the 
cause of death. The second whale was found floating in kelp in Russian Harbor. This was 
also difficult to get to but a skin/blubber sample was taken. This whale was definitely an 
adult.  It was moderately decomposed, with no obvious signs of the cause of death. 

Marine Bird Strandings in 2005 

On 28 July an observer on a trip found a dead common murre.  Limited notes were 
made on a marine bird sample form. 
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9. Analysis of Factors Affecting Take 

The following variables have been investigated in terms of an association with the take 
of birds and mammals.  The abbreviated variable names are used for the remainder of this 
section. 

Effort The observed fishing effort involved in a single haul.  This is calculated as 
(net length in fathoms/150) x (soak duration in minutes/1440) x (% of the 
pick observed for the net/100). This is related to the fishing effort 
calculation described Section 4 for a full trip.  The first factor takes into 
account the net length relative to the maximum allowed length of 150 
fathoms. The second factor takes into account the soak duration in minutes 
as a fraction of the total number of minutes in a day (24 x 60 =1440).  The 
third factor takes into account the fact that in some cases observers were 
only present for a part of the time when a pick took place.  A total of 70 
hauls are recorded with zero effort because of missing information on the 
net or soak duration, or because the soak duration was recorded as zero. 

Region The fishing region as defined in Section 3, numbered from 1 to 7 as follows: 
(1) Kupreanof Straits and North Cape, (2) Viekoda Bay, (3) Uganic Bay and 
Uganic Passage, (4) Uyac Bay, (5) Olga Bay, (6) Moser Bay, and (7) Alitak 
Bay. 

Day The observation day number, with June 1 as day 1. In 2002 the maximum 
value for day was 90, while in 2005 the maximum was 106. 

MTCode This code represents the time of day half way between the start of the soak 
and the end of the pick, from 0 to 24 hours.  Because values close to 0 and 
24 represent similar mid-fishing times the variable was classified for 
analysis purposes into the four classes (1) midnight to 6 am, (2) 6 am to 
midday, (3) midday to 6 pm, and (4) 6 pm to midnight. 

Depth The average of the depth (fathoms) at the start and end of the pick. The 
depth were not recorded for about 10% of picks in 2002.  These were 
replaced by the average depth recorded of all observed picks in that year 
(11.6 fathoms). In 2005 the depths were not recorded for about 20% of 
picks.  These were replaced by the average depth recorded for all observed 
picks in that year (10.2 fathoms). 

FzCode The fishing zone code (1, open water; 2, inside large bay; 3, inside 
sheltered bay; 4, river; 5, channel or canal). Missing or other codes were 
replaced by 0. 

TdCode The tide code (1, ebb tide; 2, flood tide; 3, high slack; 4, low slack).  Missing 
or other codes were replaced by 0. 
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LdCode The land code (1, mainland shoreline; 2, peninsula or island; 3, sand bar; 
4, rocky reef; 5, submerged land; 6, not set from land).  Missing and other 
codes were replaced by 0. 

HSCode The hook shape code (1, L-shaped; 2, V-shaped; 3, J-shaped; 4, umbrella; 
5, arrowhead; 6, flag; 7, diamond; 8, box; 9, zigzag; 10, none; 11, pennant). 
Missing and other codes were replaced by 0. 

AirTemp The air temperature (EC).  The air temperature was not recorded for 5% of 
the picks in 2002 and 3% of the picks in 2005, giving 121 missing values 
altogether.  In cases where the water temperature was recorded the air 
temperature was predicted from a regression of this variable against the 
water temperature and the time of day coded from 1 (midnight to 4am),  to 
6 (8pm to midnight). This regression accounts for 44.1% of the variation in 
air temperature. Predicting the air temperature from the water temperature 
and the time of day in this way resulted in the number of missing values for 
the air temperature reducing to 50.  These values were filled in by 
interpolating or extrapolating the temperatures from other picks taken on the 
same day. 

WtrTemp Water temperature (EC).  The water temperature was not recorded for 2% 
of the picks in 2002 and 10% of the picks in 2005, giving 224 missing values 
altogether.  In cases where the air temperature was recorded the water 
temperature was predicted from a regression of this variable against the air 
temperature and the time of day coded from 1 (midnight to 4am), to 6 (8pm 
to midnight), with a different regression constant allowed for each year. 
This regression accounts for 41.7% of the variation in water temperature. 
Predicting the water temperature from the air temperature and the time of 
day in this way resulted in the number of missing values for the water 
temperature reducing to 50.  These values were filled in by interpolating or 
extrapolating the temperatures from other picks taken on the same day. 

MshSz The average of the minimum and maximum net mesh size (inches), which 
were usually the same.  If one value was missing then the available value 
was used.  There were four cases in 2002 where there was no minimum or 
maximum size recorded. The mesh size was then set equal to the overall 
mean of 5.1 for 2002.  In 2005 there were 45 cases where there was no 
minimum or maximum size recorded.  The mesh size was then set equal to 
the overall mean of 5.0 for 2005. 

NMCode Net material code (1, monofilament nylon; 2, multifilament nylon; 3, six-
strand mono; 4, multistrand-mono; 8, combination). Missing or other codes 
were replaced by 0. 
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NCCode Net color codes (1, clear; 2, white; 3, black; 4, grey; 5, green; 6, blue; 7, red; 
8, pink; 9, orange; 10, yellow; 11, purple; 12, tan; 13, combo; 20.blue/green; 
22, tan/blue/green/grey).  Missing or other codes were replaced by 0. 
Codes 20 and 22 were only used in 2005. 

Pinger Presence (1) or absence (0). 

Lights Presence (1) or absence (0). 

Floatline Presence (1) or absence (0). 

Data on the above variables are available for 1421 hauls in 2002 and 2034 hauls in 
2005.  For these hauls Figure 9.1 shows the take numbers for marine mammals plotted 
against the values for the 17 variables listed above.  Thus each point on the graph 
represents one haul, where the take was zero, one or two mammals.  Figure 9.2 is similar 
but is for all birds, with the take ranging from zero to five birds on one haul.  Figures 9.3 
to 9.8 are similar again, but are for counts for birds of the family Alcidae (least aucklets, 
pigeon guillemots, common murres, thick-billed murres, marbled murrelets, horned puffins 
and tufted puffins), for common murres, for tufted puffins, for pigeon guillemots, for pelagic 
cormorants, and for marbled murrelets.  Plots are provided for the individual bird species 
with an observed total take of nine or more birds for 2002 and 2005 combined. 

When examining the plots in Figures 9.1 to 9.8 it should be kept in mind that take only 
occurred for a small fraction of hauls, and that an apparent relationship between a variable 
and take may really be due to many hauls having taken place when the variable was within 
a particular small range of values. In that case the probability of take may have been the 
same for all values of the variable, but still most of the take occurred with the variable 
within the small range. For example, considering the plot of mammal take against depth 
in Figure 9.1, it can be seen that all of the take occurred for low water depths.  This is most 
likely due to the fact that almost all fishing was with low water depths. 

Logistic regression (McCullagh and Nelder, 1989) was used to examine the 
relationships between the take and the variables describing the conditions for hauls that 
are described above. For each of the hauls eight 0-1 dependent variables were 
considered, relating to the take of mammals, all birds, Alcidae birds, common murres, 
tufted puffins, pigeon guillemots, pelagic cormorants, and marbled murrelets, respectively. 
For each of the dependent variables 0 indicates no take and 1 indicates some take of the 
birds or mammals concerned.  Fitting logistic regression models with one of the dependent 
variables then allows the probability of a take of one or more animals to be modeled as a 
function of the characteristics of hauls. GenStat (Lawes Agricultural Trust, 2006) was used 
to do all the calculations. Only hauls with positive values for the effort variable were used 
for estimating the logistic regression equation (1356 hauls in 2002 and 2029 hauls in 
2005). 
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Figure 9.1  Take of mammals (the vertical scale) plotted against 17 variables describing the 
conditions for the haul involved, with different symbols for 2002 (!) and 2005 (#).  The 
variables are described in the text.  For all plots the vertical axis is the number of animals 
caught in nets and the horizontal axis is a variable describing the haul, with names beneath 
the plots.  Points are vertically jiggered to separate them. 
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Figure 9.2  Take of all birds plotted against 17 variables describing the conditions for the 
haul involved, with different symbols for 2002 (!) and 2005 (#). The variables are 
described in the text. For all plots the vertical axis is the number of animals caught in nets 
and the horizontal axis is a variable describing the haul, with names beneath the plots. 
Points are vertically jiggered to separate them. 
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Figure 9.3 Take of birds of the family Alcidae plotted against 17 variables describing the 
conditions for the haul involved, with different symbols for 2002 (!) and 2005 (#).  The 
variables are described in the text.  For all plots the vertical axis is the number of animals 
caught in nets and the horizontal axis is a variable describing the haul, with names beneath 
the plots.  Points are vertically jiggered to separate them. 
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Figure 9.4  Take of common murres plotted against 17 variables describing the conditions 
for the haul involved, with different symbols for 2002 (!) and 2005 (#). The variables are 
described in the text. For all plots the vertical axis is the number of animals caught in nets 
and the horizontal axis is a variable describing the haul, with names beneath the plots. 
Points are vertically jiggered to separate them. 
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Figure 9.5  Take of tufted puffins plotted against 17 variables describing the conditions for 
the haul involved, with different symbols for 2002 (!) and 2005 (#). The variables are 
described in the text. For all plots the vertical axis is the number of animals caught in nets 
and the horizontal axis is a variable describing the haul, with names beneath the plots. 
Points are vertically jiggered to separate them. 
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Figure 9.6 Take of pigeon guillemots plotted against 17 variables describing the conditions 
for the haul involved, with different symbols for 2002 (!) and 2005 (#). The variables are 
described in the text. For all plots the vertical axis is the number of animals caught in nets 
and the horizontal axis is a variable describing the haul, with names beneath the plots. 
Points are vertically jiggered to separate them. 
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Figure 9.7  Take of pelagic cormorants plotted against 17 variables describing the 
conditions for the haul involved, with different symbols for 2002 (!) and 2005 (#).  The 
variables are described in the text.  For all plots the vertical axis is the number of animals 
caught in nets and the horizontal axis is a variable describing the haul, with names beneath 
the plots.  Points are vertically jiggered to separate them. 
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Figure 9.8 Take of marbled murrelets plotted against 17 variables describing the conditions 
for the haul involved, with different symbols for 2002 (!) and 2005 (#). The variables are 
described in the text. For all plots the vertical axis is the number of animals caught in nets 
and the horizontal axis is a variable describing the haul, with names beneath the plots. 
Points are vertically jiggered to separate them. 
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With logistic regression it is assumed that the probability of a take occurring is given 
by an equation like 

Exp{â  + â X  + ... + â X }0  1 1  p p  

P(Take) = -----------------------------------------, (9.1) 
1 + Exp{â  + â X  + ... + â X }0  1 1  p p  

where X  to X are variables describing the conditions during the haul being considered, 1 p

and â0 to âp  are regression coefficients to be estimated from the data. 

Under certain conditions the effort may have a special role in this equation.  In general 
the take probabilities are low and may be approximately proportional to the fishing effort. 
This occurs if equation (9.1) takes the form 

 (Effort)Exp{â  + â X  + ... + â X }0  1 1  p p

P(Take) = --------------------------------------------------
 1 + (Effort)Exp{â  + â X  + ... + â X }0  1 1  p p

and the term Exp(â0 + â1 1X + ... + â X ) is close to zero.  The equation can then be p p  

rewritten as 

  Exp{Ln(Effort) + â0 + â1 1X  + ... + â X }p p

P(Take) = ----------------------------------------------------------, (9.2) 
 1 + Exp{Ln(Effort) + â  + â X  + ... + â X )} 0  1 1  p p

where Ln(Effort) is the natural logarithm of the effort variable.  In practice the equation can 
be made a little more flexible if necessary by treating Ln(Effort) as just another variable 
describing the conditions for a haul and estimating a regression coefficient for this variable 
in the same way as for the other variables. 

There are some indications of non-linear relationships in Figures 9.1 to 9.8.  For 
example, Figure 9.2 shows that the observed take of birds was highest when the air 
temperature was about 10EC and did not occur when the air temperature was very low or 
very high.  For this reason the variables described above that are not codes were 
considered for inclusion in logistic regression equations both on their own and with their 
squares.  For example, AirTemp and AirTemp2 were both considered for inclusion in an 
equation. 

The fitting procedure used was as follows for each of the dependent variables: 

(a) The variables (Region, ..., Floatline) plus a year indicator variable was considered 
one at a time for inclusion in the logistic regression equation.  This then gave some 
indication of which of the variables, if any, is related to the probability of a take. 
The variables such as AirTemp were represented by the variable and its square for 
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this purpose. The codes such as MTCode were represented as factors so that the 
probability of a take is allowed to be different for every level of the code. For 
example, the possible levels of MTCode are 0, 1, 2, 3, and 4.  These five levels 
were therefore allowed to have different probabilities of a take.  The variable 
Ln(Effort) was considered as a variable in the equation with an estimated coefficient 
to see whether this coefficient is close to one so that equation (9.2) applies. 

(b) The model fitting procedure (a) was repeated only using hauls from the fishing 
regions where take occurred.  For example, for mammals take only occurred in 
regions 1 to 3.  The relationship between mammal take and the other variables was 
therefore only considered using hauls from these three regions.  In this way the 
probability of a take occurring was estimated conditional on fishing taking place in 
an area where take has been recorded. 

(c) The variables found to have significant effects were considered further.  Starting 
with an equation containing the most significant variable, the other variables were 
added in the order of their significance.  Non-significant terms were then removed 
from the equation.  Squared variables like AirTemp2 were only allowed in the final 
equation if their coefficients were significantly different from zero and the unsquared 
variable was also in the equation.  If appropriate, equation (9.2) was used for fitting 
the models, otherwise equation (9.1) was used with Ln(Effort) included as a 
variable only if it was significant in step (a) of the fitting process. 

(d) Because of the small number of hauls with take for some of the dependent 
variables, the significance of the final logistic regression equation was assessed 
using a randomization test (Manly, 2006a). This involved comparing the goodness 
of fit of the final regression equation, as measured by the deviance accounted for, 
with the distribution of the same statistic if the observed number of takes are 
randomly reallocated to the hauls. The null hypothesis is then that the probability 
of take is independent of the variables in the final equation, and the randomization 
test gives the estimated probability of getting a fitted equation as good as the one 
obtained from the real data by chance if this hypothesis is true.  A total of 4999 
randomizations were used for this purpose.  If the null hypothesis is true then the 
observed data also gives a randomization, giving 5000 randomized sets of data 
altogether for estimating the probability of a fit as good as that observed by chance 
alone.  The advantage of using a randomization test is the minimal assumptions 
that are required.  The logistic regression model does not even have to be correct. 
A significant result from a randomization test indicates that the fit of the model is 
unlikely to have occurred by chance even if the model is not correct. 

Mammals 

For mammals the initial consideration of single variables in the logistic regression 
equation gave significant relationships between the probability of a mammal take and the 
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net material code (p = 0.013), the water temperature (p = 0.017), the fishing region (p = 
0.030), and Ln(Effort) (p = 0.030).  However, the estimated coefficient of Ln(Effort) is 
negative, implying that increasing effort reduces the probability of a mammal take, which 
is not realistic.  The negative estimated effect of increasing effort is the result of very low 
effort values for three of the eight hauls where a mammal take occurred.  These hauls had 
either a small percentage of the net pulled or a very small soak duration, and it appears 
likely that this was the result of the fishers reacting to the mammal take.  The low effort or 
soak duration values would then be a result of the mammal, take rather vice versa. For 
this reason the effort variable was not considered further for the analysis of mammal takes. 

The significant effect of the fishing region is the result of all of the mammal takes 
occurring in the northern fishing regions 1 to 3 (Kupreanof Straits and North Cape, 
Viekoda Bay, and Uganic Bay and Uganic Passage).  For this reason, the examination of 
the effect of individual variables was repeated using data only from the 1602 hauls 
observed in regions 1 to 3. 

For the reduced data only the water temperature has a significant relationship with the 
2marine mammal take. The equation including WtrTemp and WtrTemp  is significant at the

5% level (p = 0.032), but the coefficient of the squared term is not significant.  Removing 
2WtrTemp  from the equation results in an insignificant change in the fit (p = 0.261), and

the equation including just WtrTemp is still significant at the 5% level (p = 0.018).  This 
equation is 

Exp{-0.559 - 0.413(WtrTemp)}  
P(Take) = -----------------------------------------------, (9.3)

 1 + Exp{-0.559 - 0.413(WtrTemp)}  

where the estimated standard error of the coefficient of WtrTemp is 0.173. 

The temperatures recorded by observers in regions 1 to 3 for 2002 and 2005 ranged 
from 6.1EC to 17.0EC.  The corresponding probabilities from equation (9.3) range from 
0.044 to 0.0005. Therefore, according to this equation the probability of a mammal take 
is fairly high when the water temperature is low, but extremely low when the temperature 
is high. 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is significant at the 5% level (chi-squared = 5.61 with 1 df, p = 0.018).  This is 
confirmed by a randomization test which gives a significance level of p = 0.021.  Therefore, 
the estimated relationship between the probability of a marine mammal take and the water 
temperature is unlikely to have arisen by chance. 

Although the net material code is not significantly related to the mammal take in regions 
1 to 3 using logistic regression, it is worth noting that all the observed takes involved net 
materials 3 (six-strand mono) and 4 (multi-strand mono).  Net material 2 (multi-filament 

Kodiak Island AMMOP 2002 & 2005 Page 67 of 221 19 September 2007 



 

 
            

           

  

       
 

  

 
  

 
 

   
     

  
 

  
  

     

 
     

   

   
 

nylon) was the only other material to receive much use in regions 1 to 3, but no mammal 
take was observed with this material.  Net material 2 was used for 300 hauls and the take 
rate per 100 hauls was 0.00, net material 3 was used for 867 hauls and the take rate per 
100 hauls was 0.35, net material 4 was used for 323 hauls and the take rate per 100 hauls 
was 1.55, while other net materials were used for 112 hauls and the take rate per 100 
hauls was 0.00. Although large, the take rate differences are only based on eight hauls 
with takes and a randomization test carried out using Resampling Stats for Excel (Blank, 
2006) with a chi-squared test statistic and 10,000 randomizations did not give a significant 
result (p = 0.101). This confirms the conclusion that an association between the mammal 
takes and the net material is possible but the evidence for this association is not clear. 

All Birds 

For all bird species considered together the initial consideration of single variables in 
the logistic regression equation suggested that the probability of a take of one or more 
birds may be related to the use of a pinger, the fishing effort, the fishing day, the air 
temperature, the fishing region, the fishing zone, the mesh size, the water temperature, 
and the net material, where these variables are in the order of their significance (most 
significant, p < 0.001, to least significant, p = 0.043) as single variables in the logistic 
regression equation. The fishing effort was represented in the equation by Ln(Effort) but 
the coefficient was 0.533 and significantly less than one. Equation (9.2) is therefore not 
appropriate for the data and Ln(Effort) is considered the same as the other variables in 
accounting for the bird take. 

There was no bird take in regions 5 and 6 (Olga Bay and Moser Bay), which is at least 
partly responsible for the very highly significant (p < 0.001) relationship between the bird 
take and the Region variable.  When the bird take was related to the individual variables 
with the reduced data set of 3068 hauls from regions 1 to 4 and 7 significant relationships 
were found for the use of a pinger, the effort variable, the fishing day, the fishing region, 
the air temperature, the water temperature, and the mesh size.  The tide code also gave 
a relationship that is nearly significant at the 5% level (p = 0.052), so this was also 
considered further. 

Adding the variables into the logistic regression equation one at a time in order of their 
significance as individual variables and removing variables that are not significant at the 
5% level resulted in a final equation including the variables for the fishing effort, the fishing 
region, the use of a pinger, the fishing day, and the tide code.  However, the tide code 
effect is somewhat anomalous.  The significance comes about because there were only 
five hauls with a tide code of 0 (other or missing) and one of these involved a bird take. 
This is unexpected because overall only 2.2% of hauls involved a bird take.  When the 
haul with a tide code of 0 is included in the data the effect of the tide code is significant at 
the 5% level (p = 0.041).  With this haul omitted the effect is not at all significant (p = 
0.245).  As a tide code of 0 is uninformative it was concluded that the tide code effect 
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should be removed from the logistic regression equation, resulting in the final estimated 
equation becoming 

P(Take) = Exp(Z)/{1 + Exp(Z)} (9.4) 

where 

Z = Exp{-1.471 + 0.561(Ln(Effort)) - 0.548(Region2) + 0.242(Region3)
 - 0.975(Region4) -0.033(Region7) + 0.666(Pinger) - 0.0724(Day)

2 + 0.000719(Day )}.   

The variables Region2 to Region7 in the equation allow the probability of a bird take 
to vary from fishing region to fishing region. These variables take the value 1 for a haul 
in the region specified, or otherwise 0.  For example, the value of Region2 is 1 for hauls 
in region 2 but 0 for hauls in all other regions.  There is no component for region 1 
because this is taken as the standard region.  There are also no components for regions 
5 and 6 because no hauls in these regions are being considered due to the absence of 
mammal takes.  The equation says, for example, that for a haul in region 2 the Z value is 
0.548 less than it would be for a haul with the same characteristics in region 1. 

2The estimated standard errors associated with the coefficients of Ln(Effort) to Day  in
order are 0.166, 0.573, 0.534, 0.533, 0.634, 0.318, 0.0161 and 0.000154, respectively, 
resulting in z-scores and significance levels of z = 3.39 and p = 0.001 for Ln(Effort), z = 
-0.96 and p = 0.339 for Region2, z = 0.45 and p = 0.651 for Region3, z = -1.83 and p = 
0.068 for Region4, z = -0.05 and p = 0.958 for Region7, z = 2.09 and p = 0.037 for Pinger, 

2z = -4.49 and p < 0.001 for Day, and z = 4.65 and p < 0.001 for Day .  Hence the 
coefficients of Ln(Effort), Day and Day2 are highly significantly different from zero, while 
the coefficient for Pinger is significantly different from zero at the 5% level.  None of the 
coefficients for the region effects are significantly different from zero at the 5% level, but 
nevertheless the overall effect of the region variable is very highly significant (p < 0.001). 

The estimated coefficients in the equation indicate that the probability of a bird take 
increases with the fishing effort, is higher in region 3 than in region 1, is lower in regions 
2, 4 and 7 than in region 1, increases with the use of a pinger, and decreases and then 
increases with the fishing day.  For all of the hauls in regions 1 to 4 and 7 the lowest 
estimated probability of a bird take is 0.00015 for a haul at the end of July 2002 in region 
4 (Uyak Bay), without a pinger being used, with a fishing effort equivalent to only 0.0003 
of a 150 fathom net fished for a day.  For the same set of hauls the highest estimated 
probability of a bird take is 0.302 for a haul in early September 2005 in region 3 (Uganic 
Bay and Uganic Passage), with a pinger used, with a fishing effort equivalent to 0.59 of a 
150 fathom net fished for a day. 

The estimated effect of the time in the season and the use of a pinger are illustrated 
in Figure 9.9. These appear to be a strong real effects.  Apparently for some reason the 
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probability of a bird take is much lower in the middle of summer than it is in early or late 
summer, and is increased appreciably if a pinger is used to deter mammals from 
approaching the net. 

Figure 9.9 The estimated probability of a take of one or more birds 
as a function of the day in the season, with June 1 being day 1. 
The fishing effort is set equal to 1.0 (a 150 fathom net fished for 24 
hours), and the fishing region is set to 1 (Kupreanof Straits and 
North Cape).  The probability is estimated to be higher if a pinger 
is present (—) rather than absent (– –). 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is very highly significant (chi-squared = 64.00 with 8 df, p < 0.001).  This is confirmed 
by a randomization test which also gives a p-value of less than 0.001. 

Family Alcidae 

For birds of the family Alcidae the initial consideration of single variables in the logistic 
regression equation suggested that the probability of a take of one or more birds may be 
related to the use of a pinger, the fishing day, the fishing region, the air temperature, the 
fishing effort, the mesh size, the hook shape, and the net material, where these variables 
are in the order of their significance (most significant, p < 0.001, to least significant, p = 
0.043) as single variables in the logistic regression equation.  The fishing effort was 
represented in the equation by Ln(Effort) but the coefficient was 0.414 and significantly 
less than one.  Equation (9.2) is therefore not appropriate for the data and Ln(Effort) is 
considered the same as the other variables in accounting for the bird take. 

There was no take of Alcidae birds in regions 5 and 6 (Olga Bay and Moser Bay), 
which is at least partly responsible foe the very highly significant (p < 0.001) relationship 
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regions 2, 4 and 7 than in region 1, increases with the use of a pinger, and decreases and 
then increases with the fishing day. For all of the hauls in regions 1 to 4 and 7 the lowest 
estimated probability of an Alcidae bird take is 0.00024 for a haul at the end of July 2002 
in region 4 (Uyak Bay), without a pinger being used, with a fishing effort equivalent to only 
0.0003 of a 150 fathom net fished for a day.  For the same set of hauls the highest 
estimated probability of a bird take is 0.272 for a haul in early September 2005 in region 
3 (Uganic Bay and Uganic Passage), with a pinger used, with a fishing effort equivalent 
to 0.59 of a 150 fathom net fished for a day.  This haul also has the maximum probability 
of a take for all birds.  The estimated effect of the time in the season and the use of a 
pinger are illustrated in Figure 9.10. 

Figure 9.10  The estimated probability of a take of one or more 
Alcidae birds as a function of the day in the season, with June 1 
being day 1.  The fishing effort is set equal to 1.0 (a 150 fathom 
net fished for 24 hours), and the fishing region is set to 1 
(Kupreanof Straits and North Cape). The probability is estimated 
to be higher if a pinger is present (—) rather than absent (– –). 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is very highly significant (chi-squared = 53.96 with 8 df, p < 0.001).  This is confirmed 
by a randomization test which also gives a p-value of less than 0.001. 

Common Murres 

For common murres the initial consideration of single variables in the logistic 
regression equation suggested that the probability of a take of one or more birds may be 
related to the fishing day, the use of a pinger, the fishing zone, the air temperature, the 
water temperature, the fishing region, the the fishing effort, the water depth, and the tide 
code, where these variables are in the order of their significance (most significant, p < 
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0.001, to least significant, p = 0.051) as single variables in the logistic regression equation. 
The fishing effort was represented in the equation by Ln(Effort) but the coefficient was 
0.471 and significantly less than one.  Equation (9.2) is therefore not appropriate for the 
data and Ln(Effort) is considered the same as the other variables in accounting for the bird 
take. 

There was no take of common murres in regions 1, 5 and 6 (Kupreanof Straits/North 
Cape, Olga Bay and Moser Bay), which is at least partly responsible for the significant (p 
= 0.023) relationship between the common murre take and the Region variable.  When the 
common murre take was related to the individual variables with the reduced data set of 
2815 hauls from regions 2 to 4 and 7 significant relationships were found for the fishing 
day, the water temperature, the use of a pinger, the air temperature, the fishing zone, the 
fishing effort, and the tide code, in the order of their significance. 

Adding the variables into the logistic regression equation one at a time in order of their 
significance as individual variables and removing variables that are not significant at the 
5% level resulted in a final equation including the variables for the fishing day, the water 
temperature, the use of a pinger, and the fishing zone.  These are not the same variables 
as were chosen for the take of all birds and the take of Alcidae birds, with the final logistic 
regression equation for common murres being 

P(Take) = Exp(Z)/{1 + Exp(Z)} (9.6) 

where 

2Z = Exp{0.432 - 0.0910(Day) + 0.00104(Day ) - 0.296(WtrTemp)
+ 1.068(Pinger) - 6.475(FZCode0) - 1.235(FZCode2) - 0.547(FZCode3) 
- 5.446(FZCode5)}.   

The estimated standard errors associated with the coefficients of Day to FZCode5 in 
order are 0.0283, 0.000247, 0.141, 0.395, 15.131, 0.397, 0.669 and 10.052, respectively, 
resulting in z-scores and significance levels of z = -3.21 and p = 0.001 for Day, z = 4.20 

2and p < 0.001 for Day , z = -2.10 and p = 0.035 for WtrTemp, z = 2.70 and p = 0.007 for
Pinger, z = -0.43 and p = 0.669 for FZCode0, z = -3.11 and p = 0.002 for FZCode 2, z = 
-0.82 and p = 0.414 for FZCode3, and z = -0.54 and p = 0.588 for FZCode5.  Hence the 

2coefficients of Day, Day  and Pinger are highly significantly different from zero, while the
coefficient for WtrTemp is significantly different from zero at the 5% level.  Only one of the 
fishing zone coefficients is significant, but nevertheless the overall effect of this variable 
is significant (p = 0.041). 

The fishing zone variables are equal to 1 for a haul in the fishing zone indicated, or are 
otherwise equal to zero.  For example FZCode2 is 1 for a haul in fishing zone 2, but zero 
for hauls in the other zones.  There is no variable for fishing zone 1 because this is the 
standard zone. There is also no variable for fishing code 4 (river) because this zone did 
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not occur in the fishing regions where common murre take occurred.  The negative 
coefficient of FZCode2, for example, indicates that the estimated probability of a common 
murre take is lower in fishing zone 2 than it is in fishing zone 1. The large negative 
coefficients for fishing zones 0 and 5 occur because there was no common murre take in 
these zones.  Effectively the large negative values make the estimated probability of a take 
zero in these zones. 

The estimated coefficients in the equation indicate that the probability of a common 
murre take decreases and then increases with the fishing day, decreases as the water 
temperature increases, and increases with the use of a pinger.  Regarding fishing zones, 
the estimated probability of a take is zero for zone 0 (unknown or other) and zone 5 
(channel or canal) because no take was observed in these zones.  However these zones 
only occurred with 67 hauls, so the lack of take is not surprising.  The estimated probability 
of a take is significantly lower for zone 2 (inside large bay) than it is for zone 1 (open 
water), and the estimated probability of a take is also lower for zone 3 (inside sheltered 
bay) than it is for zone 1, although not significantly lower. There were 548 hauls in zone 
1, and 13 with common murre takes, giving a take rate of 2.37 per 100 hauls.  In zone 2 
there were 1891 hauls and 14 with takes, giving a take rate of 0.74 per 100 hauls, while 
in zone 3 there were 309 hauls and 3 with takes, giving a take rate of 0.97 per 100 hauls. 
It does seem, therefore that the probability of a common murre take is higher in open water 
than it is inside bays. 

Although the estimated probability of a common murre take is lower inside large bays 
than in open water it is interesting to note that takes of more than one common murre only 
occurred in fishing zone 2. There a total of 20 common murres were taken during 1891 
hauls, giving a take rate of 1.06 birds per 100 hauls. The rate is still higher in zone 1 (2.37 
birds per 100 hauls), but slightly lower in zone 3 (0.97 birds per 100 hauls). 

For all of the hauls in regions 2 to 4 and 7 the estimated probability of a common murre 
take is effectively zero for hauls in fishing zones 0 or 5 (unknown or missing, channels or 
canals).  The lowest estimated probability in other zones is 0.00047 for a haul in early July 
2005 in region 2 (Viekoda Bay), without a pinger being used, in fishing zone 2, with a 
water temperature of 16.5EC. For the same set of hauls the highest estimated probability 
of a common murre take is 0.216 for a haul in early September 2005 in region 7 (Alitak 
Bay), without a pinger used, in fishing zone 1, with a water temperature of 12.2EC. 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is very highly significant (chi-squared = 44.65 with 8 df, p < 0.001).  This is confirmed 
by a randomization test which also gives a p-value of less than 0.001. 

Tufted Puffins 

For tufted puffins the initial consideration of single variables in the logistic regression 
equation suggested that the probability of a take of one or more birds is related only to the 
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fishing day (p = 0.026). The fishing effort was represented in the equation by Ln(Effort) 
but the coefficient was 0.473 and not significantly different from zero (p = 0.239).  Equation 
(9.2) is therefore not appropriate for the data and Ln(Effort) is considered the same as the 
other variables in accounting for the bird take. 

Although the effect of the fishing region is not significant, there was no take of tufted 
puffins in regions 1, 5, 6 and 7 (Kupreanof Straits/North Cape, Olga Bay, Moser Bay and 
Alitak Bay).  When the take was related to the individual variables with the reduced data 
set of 2635 hauls from regions 2 to 4 the only significant relationship was still only with the 
fishing day, and the estimated equation relating the probability of a tufted puffin take to the 
fishing day is 

2Exp{-3.876 - 0.199(Day) + 0.00128(Day )} 
P(Take) = --------------------------------------------------------------. (9.7) 

21 + Exp{-3.876 - 0.199(Day) + 0.00128(Day )} 

The estimated standard error associated with the coefficient of Day is 0.047.  This 
coefficient is therefore highly significantly different from zero (z = -2.75, p = 0.006).  The 
estimated standard error associated with the coefficient of Day2 so that this coefficient is 
also highly significant (z = 2.81, p = 0.005).  Figure 9.11 shows how the estimated 
probability of a tufted puffin take varies over the fishing season. 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is very significant (chi-squared = 7.70 with 2 df, p = 0.021).  This is confirmed by a 
randomization test which gives a p-value of 0.034. 

Figure 9.11  The estimated probability of a take of one or more 
tufted puffins as a function of the day in the season, with June 1 
being day 1. 
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Pigeon Guillemots 

For pigeon guillemots the initial consideration of single variables in the logistic 
regression equation suggested that the probability of a take of one or more birds is related 
only to the use of a pinger (p = 0031), and the tide code.  The fishing effort was 
represented in the equation by Ln(Effort) but the coefficient was 0.668 and not significantly 
different from zero (p = 0.073).  Equation (9.2) is therefore not appropriate for the data and 
Ln(Effort) is considered the same as the other variables in accounting for the bird take. 

Although the effect of the fishing region is not significant, there was no take of pigeon 
guillemots in regions 5 and 6 (Olga Bay and Moser Bay). When the bird take was related 
to the individual variables with the reduced data set of 3068 hauls from regions 1 to 4 and 
7 there were still significant relationships with the use of a pinger (p = 0.048) and the tide 
code (p = 0.030). 

As happened for other categories of bird take, the tide code effect is due to a pigeon 
guillemot take occurring with a tide code of 0, although this tide code only occurred with 
five of the hauls in 2002 and 2005. A tide code of 0 means that it was either missing or 
other. This is therefore not informative. If the take with a tide code of 0 is removed from 
the data then the tide code effect becomes not at all significant (p = 0.531).  It was 
therefore not considered appropriate to include the tide code effect in the final estimated 
equation. 

The final estimated equation relating the probability of a pigeon guillemot take to the 
use of a pinger in regions 1 to 4 and 7 is 

Exp{-6.021 + 1.261(Pinger)} 
P(Take) = -------------------------------------------. (9.8) 

1 + Exp{-6.021 + 1.261(Pinger)} 

The estimated standard error associated with the coefficient of Pinger is 0.604.  This 
coefficient is therefore significantly different from zero (z = 2.09, p = 0.037).  According to 
this equation the probability of a pigeon guillemot take without the use of a pinger is 
0.0024, while with the use of a pinger this probability becomes 0.0085. 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is just significant at the 5% level (chi-squared = 3.20 with 1 df, p = 0.048).  However, 
a randomization test gives a non-significant result (p = 0.141).  Given the small number 
of pigeon guillemot takes the randomization test is more reliable than the approximate chi-
squared test.  Consequently, for pigeon guillemots the relationship between take and the 
use of pingers is not clearly established. 
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Pelagic Cormorants 

For pelagic cormorants the initial consideration of single variables in the logistic 
regression equation suggested that the probability of a take of one or more birds is related 
to the fishing effort (p < 0.001), fishing day (p = 0.009), the fishing region (p = 0.013), and 
perhaps also to the fishing year (p = 0.053).  The fishing effort was represented in the 
equation by Ln(Effort) but the coefficient was 2.076.  Equation (9.2) is therefore not 
appropriate for the data and Ln(Effort) is considered the same as the other variables in 
accounting for the bird take. 

There was no pelagic cormorant take in regions 4, 5 and 6 (Uyak Bay, Olga Bay, and 
Moser Bay). When the bird take is related to the individual variables with the reduced data 
set of 1782 hauls from regions 1 to 3 and 7 there are still significant relationships between 
the pelagic cormorant take and the fishing effort (p < 0.001), the fishing day (p = 0.014), 
and the fishing year (p = 0.038). 

When variables were added into the logistic regression equation in order of their 
significance, with non-significant effects then removed, the final equation obtained only 
included the fishing effort and the fishing day.  The estimated equation is 

Exp{-1.096 + 2.015(LnEff) - 0.0398(Day)} 
P(Take) = --------------------------------------------------------------. (9.9) 

1 + Exp{-1.096 + 2.015(LnEff) - 0.0398(Day)} 

The estimated standard error associated with the coefficient of LnEff is 0.613.  This 
coefficient is therefore very highly significantly different from zero (z = 3.29, p = 0.001). 
The estimated standard error associated with the coefficient of Day is 0.0177.  This 
coefficient is therefore also significantly different from zero (z = -2.24, p = 0.025).  Figure 
9.12 shows how the estimated probability of a pelagic cormorant take reduces from the 
start of June to early September. 

Based on the standard logistic regression testing methods the fit of the equation to the 
data is very significant (chi-squared = 20.27 with 2 df, p < 0.001). This is confirmed by a 
randomization test which also gives p < 0.001. 
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Figure 9.12  The estimated probability of a take of one or more 
pelagic cormorants as a function of the day in the season, with 
June 1 being day 1. The fishing effort is set to one (a 150 fathom 
net fished for 24 hours) for calculating the probabilities. 

Marbled Murrelets 

For marbled murrelets the initial consideration of single variables in the logistic 
regression equation suggested that the probability of a take of one or more birds is related 
to the fishing region (p = < 0.001) and the fishing day(p = 0.036).  The fishing effort was 
represented in the equation by Ln(Effort) but the coefficient was -0.035 and far from 
significant (p = 0.898).  Equation (9.2) is therefore not appropriate for the data and 
Ln(Effort) is considered the same as the other variables in accounting for the bird take. 

Marbled murrelet take only occurred in regions 1 and 3 (Kupreanof Straits and North 
Cape, and Uganic Bay and Uganic Passage).  When the bird take was related to the 
individual variables with the reduced data set of 1040 hauls from regions 1 and 3 there 
was a significant relationships between the marbled murrelet take and the fishing day (p 
= 0.043), and the tide code(p = 0.030). 

When the two variables were added into the logistic regression equation in order of 
their significance, with non-significant effects removed, the final equation included the tide 

2code and the fishing day without Day .  The estimated equation is 

P(Take) = Exp(Z)/{1 + Exp(Z)} (9.10) 

where 

Z =-2.463 - 2.182(TdCode2) - 7.522(TdCode3) - 7.652(TdCode4) -0.0426(Day) 
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There are no terms for tide codes 0 (Other) and 1 (ebb tide) in this equation.  This is 
because there were no hauls with tide code 0 in regions 1 and 3, while tide code 1 is taken 
as the standard code that others are compared to.  The large negative coefficients for tide 
codes 3 (high slack) and 4 (low slack) occur because no marbled murrelet take was 
observed on hauls with these tide codes, and the coefficients effectively make the 
probability of a take equal to zero for these codes. The standard error of the coefficient 
for tide code 2 (flood tide) is 1.066. This coefficient is therefore significantly different from 
zero (z = -2.05, p = 0.041), so that the take on a flood tide (tide code 2) is significantly less 
than the take on an ebb tide (tide code 1). The standard error of the coefficient of Day is 
0.0180.  This coefficient is therefore significantly different from zero (z = -2.36, p = 0.018). 

According to equation (9.10) marbled murrelet take does not occur when there are high 
or low slack tides, the probability of a take is higher with an ebb tide than with a flood tide, 
and decreases as the fishing season progresses.  Figure 9.13 shows the estimated 
probabilities of a take when there is an ebb tide or flood tide at different times in the fishing 
season. 

Based on the standard logistic regression testing methods, the fit of equation (9.10) to 
the data is very significant (chi-squared = 16.17 with 4 df, p = 0.003).  This is confirmed 
by a randomization test which gives p = 0.002. 

Figure 9.13  The estimated probability of a take of one or more 
marbled murrelets as a function of the day in the season, with June 
1 being day 1, for an ebb tide (—) and a flood tide (– –). 

Summary 

The above analysis of the relationship between probabilities of bird and mammal takes 
and variables recorded by the observers does not give the same results as the analyses 
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of the 2002 data only, as reported by Manly et al. (2003), for three reasons.  First, most 
of the haul data analyzed for the present report came from 2005 rather than 2002.  As a 
result some of the significant or nearly significant effects have become  definitely non-
significant, and other effects have become clearly significant. Second, the analyses 
described above have considered more than one effect at a time whereas the early 
analyses just considered the variables one by one because of the small data set that was 
available.  Finally, the analyses considered here only considered the estimation of the 
probability of a take in regions where take has been observed to occur. 

For mammals the above analysis indicates that the probability of take is related to the 
water temperature and there is some suggestion that it also varies with the net material. 
This reflects the results shown in Figure 9.1 where it will be seen that there were no 
marine mammal takes at water temperatures above12.5EC, and the takes only occurred 
with net materials 3 (six-strand mono) and 4 (multi-strand mono). 

It is possible that the apparent water temperature effect is an indirect effect of another 
variable.  Figure 9.14 shows that the average water temperature was similar in all of the 
regions, increased with the fishing day in the season, has no clear relationship with the 
water depth, and tended to increase with the air temperature. This is reflected in the 
observation from Figure 9.1 that mammal did not occur late in the fishing season or when 
the air temperature was high.

 A negative association between mammal take and the use of pingers might have been 
anticipated because other studies have provided some evidence for this for some marine 
mammal species (Cameron and Forney, 1999, 2000; Trippel et al., 1999; Barlow and 
Cameron, 2003).  What was observed in Kodiak in 2002 and 2005 was that there were 589 
hauls where a pinger was used.  For one of these hauls a harbor porpoise take occurred, 
giving a mammal take rate of 0.17 per 100 hauls.  There were also 2796 hauls with no 
pinger, with 7 of these involving mammal takes. This is a mammal take rate of 0.25 per 
100 hauls, which is very close to the take rate with a pinger used.  This is why no 
significant effect of the use of pingers has been found.  A problem here (as with other 
variables not having significant relationship with take) is the lack of power to detect a 
significant relationship for species with a relatively low take rate.  For example, Dawson 
et al. (1998, Figure 2) show that if the take rate is about 0.25% without pingers, then to 
obtain an 80% power of detecting a 50% reduction in this rate through the use of pingers 
requires many more than 10,000 hauls to be observed. 
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Figure 9.14  The relationship between the water depth, the air temperature and 
the water temperature and the fishing regions (1 to 8), the fishing day in the 
season, and each other for 2002 (M) and 2005 (O). 
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Most birds in the take were common murres in the family Alcidae.  As a result the 
outcome of the analyses are rather similar for all birds, Alcidae birds and common murres. 
In each case the probability of a take has been found to be related to the use of a pinger, 
the day in the fishing season, and the fishing effort. An increase in the probability of a take 
is expected with increasing fishing effort, so that does not call for any special comment. 
The apparent effects of pingers and the day in the season were, however, not necessarily 
expected. 

Apparently the use of a pinger increased the probability of a take, although this 
contradicts the finding by Melvin et al. (1999) that pingers significantly reduced common 
murre take in Puget Sound, Washington.  It is not clear why the two studies differ but 
possibly this is related to other aspects of the fishing conditions.  What is clear from the 
present study is that bird take often occurred when pingers were used.  There were 2796 
hauls without pingers, with 43 of these having a bird take.  That gives a take rate of 1.5 per 
100 hauls.  There were 589 hauls with pingers used, with 26 of these having a bird take. 
That gives a take rate of 4.4 per 100 hauls, which is nearly three times the rate for hauls 
without pingers. This is the basis for finding that the probability of bycatch is very highly 
significantly related to the use of pingers. 

A day in the season effect also seems quite clear for all birds, birds in the family 
Alcidae, and common murres.  It is modeled as a non-linear relationship, with the highest 
probability of bycatch occurring at the start and end of the fishing season. 

For the individual species other than common murres there are various significant 
effects.  The fishing day effect is significant for tufted puffins, with the highest estimated 
probabilities of a take at the start and end of the fishing season.  This effect is also 
significant for pelagic cormorants and marbled murrelets, but with the highest estimated 
probabilities of a take at the start of the fishing season.  A pinger effect is estimated for 
pigeon guillemots.  This is significant based on standard testing methods for logistic 
regression, but not based on a more reliable randomization test.  For marbled murrelets 
there is a significant effect related to the tide code as well as the fishing day.  Their were 
no takes with high or low slack tides, and the estimated probability of a take is higher with 
an ebb tide than it is with a flood tide. 
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10. Sample Size Determination for Future Studies 

The data on trips collected by the observers can be used to determine the accuracy of 
estimation of total takes for different species that can be expected if the Kodiak fishery is 
sampled again in the future and it still has about the same level of fishing effort as was the 
case in 2005. The results will also give a good indication of the accuracy of estimation that 
would be obtained if another fishery with a similar level of fishing effort is sampled in the 
future.  It is also possible to determine the power for detecting a difference in the bycatch 
rate for a mammal or bird species when two fisheries are sampled, or when the same 
fishery is sampled in two different years, providing that the fishery has a level of total 
fishing effort that is similar to the Kodiak effort in 2005. 

A simulation approach was used, based on a model for the Kodiak fishing effort in 
2005.  The trip (sample day) data were combined from 2002 and 2005.  This provided data 
for each of the seven fishing regions.  The data from each region were then replicated as 
many times as necessary to produce a set of trips with approximately the same total fishing 
effort as for the Kodiak fishery in 2005. For example, in region 1 (KI1A, Kupreanof Straits 
and North Cape) data are available from 59 trips in 2002 or 2005 where some fishing effort 
was observed.  The total fishing effort observed from these trips is 53.9 permit days, as 
defined in Section 4.  In 2005 the total fishing effort recorded for region 1 was 844.6 permit 
days.  The sample data therefore need to be replicated 844.6/53.9 = 15.7 times in order 
to give the same total effort as was recorded for region 1 in 2005. This was done by listing 
the data from the 59 sample trips 16 times and taking the first 15.7x59 = 925 records from 
the top of the list as the fishery data for region 1. These data then provide a model for the 
Kodiak fishery in 2005, in region 1. The total effort from the 925 trips in the model is 846.1 
permit days, which is close to the 844.6 permit days recorded for region 1 in 2005. 

Table 10.1  Calculations for producing a model population for 
Kodiak in 2005. 

Model 
Sample Total Sample Model 

Region Trips Effort Effort Days Factor Effort 
1 59 53.9 844.6 925 15.7 846.1 
2 131 138.2 1278.3 1212 9.3 1274.1 
3 193 181.7 1936.6 2057 10.7 1938.8 
4 304 316.6 3818.2 3666 12.1 3825.6 
5 32 26.6 570.2 685 21.4 570.3 
6 45 59.0 1158.2 883 19.6 1157.4 
7 40 68.0 1229.1 723 18.1 12272 

Total 804 844.0 10835.2 10151 10839.4 

Table 10.1 gives a summary of the calculations needed to produce the model 
population of sample days for Kodiak in 2005. The model population has a total fishing 
effort of 10,839.4 permit days, which is very close to the observed total effort of 10,835.2 
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The CVs obtained with levels of observer cover from 2.5% to 100% were determined 
by simulation, using the model population described above. For example, to determine the 
CVs obtained with a 2.5% sample of the fishery the following procedure was used. 

(a) A random sample of 2.5% of the 10151 permit days in the model population was 
selected (234 sample days). 

(b) For each of the species listed in Table 10.2 ratio estimation was used to estimate 
the total take for the whole fishery. Thus the take per permit day was estimated as 
r = t  / t , where t  is the total number of animals of the species taken and t is the c s c s

total sampled effort in permit days.  The total take for the whole model fishery was 
then estimated by T = T  r, where T  = 10,839.4 is the total effort in the model e e 

fishery. 

(c) Steps (a) and (b) were repeated 5,000 times. The estimated CV for the species 
was then the standard deviation from the 5000 estimates of the total take expressed 
as a percentage of the true total take in the model population. 

This process was carried out with coverage levels of 2.5%, 5.0%, 7.5%, 10%, 20%, 40%, 
60%, 80%, 90% and 95%.  In addition it is known that with 100% cover the CV is 0% 
because there are no sampling errors.  The simulation was carried out using Resampling 
Stats for Excel (Blank, 2006). 

Figure 10.1 gives a summary of the simulation results.  The results were almost the 
same for some of the species shown in Table 10.2 so are only provided for a selection of 
seven of these species, ranging from the common murre with a total take of 401 and the 
lowest CV for all of the sample coverage levels up to 100%, to the horned puffin with a 
total take of 10 and the highest CV for all of the sample coverage levels up to 100%. In 
general the CV is expected to decrease as the total take increases.  This rule does not 
apply, however, with the harbor porpoise and the tufted puffin which have the same CV 
curve in Figure 10.1 although the total take of the harbor porpoise is 47, which is much 
lower than the total take of the tufted puffin which is 118. In this case the CV values for 
the tufted puffin are larger than might be expected because up to five tufted puffins have 
been taken on a single sample day.  This clustering of takes increases the sampling 
variation and hence leads to higher CV values. 

It is clear from Figure 10.1 that getting good estimates of low take levels requires very 
high coverage levels for the model fishery. For example with the horned puffin about 70% 
of the total fishing effort is needed to get a CV of 25% for estimating the total take of ten 
birds. 
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Figure 10.1  The percentage coefficients of variation (CV) obtained from 5000 simulated sets of data for 
different species (COMU-401 is the common murre with a take of 401 in the model population, MAMU-122 
is the marbled murrelet with a take of 122 in the model population, HAPO-47/TUPU-118 is the harbor 
porpoise with a take of 47 in the model population and the tufted puffin with a take of 118 in the model 
population, SEOT-38 is the sea otter, with a take of 38 in the model population, UNOT-15 is unidentified 
otters with a take of 15 in the model population, and HOPU-10 is the horned puffin with a take of 10 in the 
model population.  The vertical line at 4.9% of the sample cover shows the level used in 2005. 

Sample Sizes for Comparing Bycatch Rates 

Simulation was also used to examine the power to detect a difference in take rates for 
two fisheries, or the same fishery in two different years, where each fishery has about the 
same total fishing effort as the Kodiak Island gillnet fishery in 2005. For any mammal or 
bird species of concern, each fishery or year will provide an estimated take rate per permit 
day, and it is assumed that there is interest in whether these estimated rates are 
significantly different. 

The model fishery for Kodiak in 2005 was used for the first fishery. Four species were 
chosen to be representative of all species in this model fishery.  These were the common 
murre, with a very high take rate of 3.70 per 100 permit days, the pigeon guillemot with a 
high take rate of 1.19 per 100 permit days, the harbor porpoise with a medium take rate 
of 0.43 per 100 permit days, and the horned puffin with a low take rate of 0.09 per 100 
permit days. 

The model fishery for Kodiak in 2005 was modified to produce the second fishery. 
What was done was to increase the take rates for the common murre, pigeon guillemot, 
harbor porpoise and horned puffin by various amounts up to 200% of the rate in the first 

Kodiak Island AMMOP 2002 & 2005 Page 86 of 221 19 September 2007 



 

 
 

   

    

    
  

  
  

 
 
 

 

  
 

 
   

  
 

 
 

fishery.  For example, the second fishery had take rates for the common murre up to 11.11 
per 100 permit days, which is 300% of the level for the model fishery in 2005. 

Modified take rates were obtained by randomly adding take to the model fishery for 
Kodiak in 2005.  For example, suppose that the take of a species is to be increased by 
0.005 per permit day for a species, and that one of the permit days in the model fishery for 
Kodiak in 2005 has a fishing effort of 0.80.  Then a random number can be generated 
between zero and one, and the take in the model population increased by one if this 
random number is less than 0.80x0.005 = 0.004.  This process can be carried out for each 
of the permit days in the model population to obtain a model fishery with the increased 
take rate, and the whole process can be repeated a number of times until the increase in 
the take rate is exactly the desired 0.005 for the whole fishery. 

When comparing take rates for two fisheries the null hypothesis should be that the take 
rate is the same for both fisheries so that the observed sample difference could have 
occurred by chance due to both random variation in the fishing process, and in the 
sampling of that process.  This mean that even if the null hypothesis is true and all of the 
fishing in both fisheries was completely observed the take rates would probably not be 
quite the same due to the random variation inherent in the fishing process. This can be 
allowed for by regarding the sampled permit days from each of the fisheries as a random 
sample of days from an infinite population of sample days that could have occurred, and 
comparing the two sample estimate of the take rate on this basis. There are then no finite 
population corrections needed for the estimation of the variances of sample take rates, as 
was the case considered in Section 6 where the interest was in estimating the take rates 
and total takes that occurred for the finite populations of permit days that occurred in 
Kodiak Island in 2002 and 2005. 

Bootstrapping was used to simulate sample data from the two fisheries.  For the first 
fishery the permit days in the Kodiak 2005 model population were randomly sampled with 
replacement to obtain samples of permit days that might have occurred in this fishery. 
Similarly, the permit days in the model population with increased takes were independently 
randomly sampled with replacement to obtain samples that might have occurred in the 
second fishery.  This process was repeated 2000 times with the take rates increased by 
0%, 25%, 50%, 100% and 200% to estimate probabilities of detecting a change in the take 
rate for these different situations.  For simplicity simple random sampling was simulated 
although the model populations were stratified into seven regions.  Stratified sampling 
might give more power to detect a difference in take rates, but it is not likely that the power 
would be much greater than what is reported here. The sample sizes were always equal 
for the two model populations, consisting of 2.5%, 5%, 10%, 20%, 40%, 80%, 90%, 95% 
or 100% of the total fishing effort. 

Let the observed take rate per permit day in a sample from one of the populations be 

r = t  / t , (10.1)c s
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where t is the total observed take and t  is the total effort in the sample.  The estimated c s

variance of r is then 

- 2Var(r) =[ 3 (c  - r e )  /(n - 1)] (1 / e ) (1 / n), i i 
2 (10.2) 

where the summation is over the n sample days, c  is the take for the ith sample day which 
- i

has an effort of e  permit days, and e  is the mean effort for the n sample days.  A statistic i

for testing whether there is difference between the two fisheries is then 

½Z = |r  - r |/{Var(r ) + Var(r )} , (10.3)1 2 1 2 

where r  is the estimated take rate for fishery j with variance Var(r ).  This statistic is the j j

absolute difference of the estimated bycatch rates divided by the estimated standard error 
of this difference. Assuming that the estimated bycatch rates are approximately normally 
distributed, the difference between the estimated bycatch rates is then significantly large 
at the 5% level if Z equals or exceeds 1.96. 

Figure 10.2 shows the results obtained. It can be seen that with sample sizes of 5% 
of the total fishing effort, which is about what was used at Kodiak Island in 2005, there is 
a power of about 57% (i.e a probability of 0.57) for detecting a doubling of the bycatch rate 
(difference = 100%) in the second fishery, for a species like the common murre with a very 
high take rate in the first fishery. This power reduces to only about 12% for a species like 
the harbor porpoise with moderate take rate, and to less than 5% for a species like the 
horned puffin with a low take rate. Although a test at the 5% level is expected to give 5% 
significant results even when the null hypothesis is true the power is less than 5% for some 
of the simulations.  This is a result of obtaining many samples with no bycatch at all. In 
these cases the estimated take rate is zero, with a zero standard error, and the Z value 
from equation (10.3) has been set equal to zero, giving a non-significant result. 

Kodiak Island AMMOP 2002 & 2005 Page 88 of 221 19 September 2007 



   
     

  
       

       
 

         

Figure 10.2  The power to detect a difference in take rates between two fisheries using a test at the 5% level 
of significance.  The power is the percentage of significant results from 2,000 tests to compare estimated 
take rates.  The horizontal axis is the expected difference in the bycatch rate for the two fisheries as a 
percentage of the rate in the first fishery. The four species considered are COMU (the common murre with 
a very high take rate of 3.70 per 100 permit days in fishery 1), PIGU (the pigeon guillemot with a high take 
rate of 1.19 per 100 permit days in fishery 1), HAPO (the harbor porpoise with a moderate take rate of 0.43 
per 100 permit days in fishery 1), and HOPU (the horned puffin with a low take rate of 0.09 per 100 permit 
days in fishery 1). 
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11. Discussion 

Marine Mammal Take 

There were nine marine mammals observed as take in the Kodiak Island set gillnet 
fishery in 2002 and 2005. Of these, four were otters that either freed themselves from the 
net or were removed with human help.  There were no external injuries and the animals 
were responsive (Tables 6.1 and 6.3).  Hence the take problem for otters does not seem 
to be a major concern. 

Harbor porpoises are of concern because the four individuals observed as take were 
all dead when they were released from nets.  After allowing for the sampling effort and the 
total fishing effort, it is estimated that there were a total of 32.2 harbor porpoise mortalities 
caused by take in the fishery in 2002, with a CV of 67.5% (Table 6.2), and a total of 39.4 
harbor porpoise mortalities in 2005, with a CV of 66.9% (Table 6.4). 

Angliss and Outlaw (2005, Table 35) provide a summary of the estimated levels of 
incidental mortality for the Gulf of Alaska stock of harbor porpoise. The total minimum 
annual mortality that they report is 40.3.  Replacing the Kodiak set gillnet mortality 
estimate of 3.2 based on log-books and self-reports with the mean take estimate of 35.8 
for the Kodiak Island gillnet fishery in 2002 and 2005, increases this minimum mortality 
estimate to 72.9.  This represents 29% of the potential biological removal (PBR) of 255 
animals for the whole of the Gulf of Alaska stock of harbor porpoises. 

The overall observed take rate for harbor porpoises in the Kodiak set gillnet fishery is 
0.006 animals per permit day in 2002 and 0.004 per permit day in 2005 (Tables 6.2 and 
6.4). This compares with observed take rates of 0.017, 0.013 and 0.170 harbor porpoises 
per effort day in 1997, 1998, and 1999, respectively, in the California set gillnet fishery for 
halibut and angel shark (Cameron and Forney, 1999, 2000). 

Marine Bird Take 

Table 11.1 shows the estimated take rates per fishing day observed for the bird species 
taken most often in the Kodiak Island fishery in 2002 and 2005, and how they compare 
with the estimated take rates for the Cook Inlet set gillnet fishery and the California set 
gillnet fishery for halibut and angel shark.  The Kodiak Island take rates are considerably 
higher than the rates for Cook Inlet, but considerably lower than the rates in the California 
halibut and angel shark fishery. 

Most of the birds observed in the Kodiak Island take are in the family Alcidae.  This has 
been found with other studies as well (Evans and Nettleship, 1985).  In British Columbia 
an estimated 7% of the population of marbled murrelets in Barkley Sound was taken 
annually in gillnets (Carter and Sealy, 1984; Carter et al., 1995).  In Prince William Sound, 
Alaska, murres and brachyramphus murrelets comprised most of the take (Wynne et al. 
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1991, 1992; Piatt and Naslund, 1995); in Puget Sound, Washington, common murres and 
rhinoceros auklets (Cerorhinca monocerata) were the main take (Melvin et al., 1999); and 
in California common murres were the main take.  To reduce seabird take in California, 
particularly of murres, gillnet fishing has been subject to time and area closures (Takekawa 
et al., 1990; Wild, 1990). In the Atlantic thick-billed murres and common murres were the 
most common take (Piatt and Reddin, 1984; Evans and Nettleship, 1985; Piatt and 
Nettleship, 1987), and according to Osterblom et al. (2002) gillnet take of common murres 
may be the single most serious threat to the population in the Baltic Sea. 

Table 11.1  Estimated take rates per fishing day for marine birds in the Kodiak 
Island set gillnet fishery compared with the estimated rates from two other set 
gillnet fisheries. 

California Halibut and 
1Kodiak Island 2Cook Inlet Angel Shark Fishery3

 Species 2002 2005 1999 2000 1997 1998 1999
 Common Murre 0.036 0.047 0.000 0.000 0.829 0.668 3.018
 Tufted Puffin 0.023 0.009 0.000 0.000
 Pigeon Guillemot 0.016 0.011 0.000 0.000
 Marbled Murrelet 0.013 0.011 0.000 0.003
 Pelagic Cormorant 0.003 0.017 0.000 0.000
 All Birds 0.110 0.103 0.007 0.007 0.871 0.720 3.018 
1Rates per permit day as defined in Section 6.
2Rates are for the Upper Cook Inlet and Lower Cook Inlet set gillnet fisheries, from 
Manly (2006b).
3Rates are for the set gillnet fishery from Cameron and Forney (1999, 2000). 

In Kodiak Island in both 2002 and 2005, common murres were the most frequently 
taken birds.  In both years, the majority of these appeared to be non-breeders, and in 
2005, nearly all (23 out of 25) were male.  Since the largest colonies of murres are on the 
Alaska Peninsula and Barren Islands, more than 100 km away from the areas where the 
birds were taken, it is possible that many of the murres feeding in Kodiak bays were not 
breeding. It is unclear why they were nearly all male, unless there is sex-specific habitat 
selection.  It is possible that the breeding behavior and chronology of murres makes the 
males more susceptible to take in near-shore areas. Male murres raise the chicks at sea 
after a few weeks on the cliffs, and in the search for prime forage areas in which to raise 
their weaker young perhaps they favor the more protected waters of bays during this 
period (Ainley et al., 2002) 

Over half of the common murres were taken in September, when most ‘jumplings' have 
left the colony with their male parent, to complete their final weeks (or months) of 
chick-rearing.  Most of the birds caught in September were classified as being in 
transitional plumage, and thus could have been post-breeding and molting into basic 
(winter) plumage. Because the birds were molting it is likely that brood patches were no 
longer evident, and thus breeding birds could have been a larger proportion of of the taken 
birds than the records of brood patches indicated. Additionally, after a few weeks 
fledglings are difficult to distinguish from adults in basic plumage.  Therefore, because of 
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plumage similarities and the degraded state of some specimens, some of the birds 
classified as ‘transitional' might have actually been juveniles, although the body masses 
of birds caught in September do not appear different from birds caught earlier in the 
season. 

Based on the chronology of common murres for the colonies at Puale Bay on the 
Alaska Peninsula and East Amatuli Island as reported in Dragoo et al. (2004), the rest of 
the murres were primarily taken by the Kodiak Island fishery during pre-breeding (June) 
or peak chick rearing (August). Only one bird was taken in July, which would have been 
the peak incubation period. 

The take of pigeon guillemots is a concern because of their relatively low numbers, 
their near-shore foraging habits, and their tendency to forage within a few kilometers of 
their nest sites, which are more widely scattered than the other colonial birds in the area. 
The total Kodiak Island population is about 2000 birds (Appendix A), and the estimated 
take in 2002 and 2005 suggests that about 4% of the population is killed annually.  This 
level of bycatch has the potential to be detrimental to the population, and is almost 
certainly removing breeding adults from the colonies in the immediate area of fishing 
activity. 

In 2002 and 2005 marbled murrelets were a commonly taken.  These were all breeding 
birds, with about equal numbers of males and females.  In 2005, the much more rare 
Kittlitz's murrelet was also taken, and this individual was a juvenile.  Although Kittlitz's 
murrelets were not encountered on the water during the 2002 surveys and net watches, 
they are known to nest in the Kodiak area and a nest was found on Kodiak Island in 2006. 
Juvenile murrelets may be particularly susceptible to gillnet mortality, because they tend 
to feed close to shore and are weak divers (Carter et al., 1995). Kittlitz's murrelet is a 
candidate species for listing under the Endangered Species Act (USFWS, 1994), and as 
such could become a concern for gillnet fisheries if it is listed.  Kittlitz's murrelets were also 
observed to be taken in the Prince William Sound /Copper River Delta gillnet fisheries in 
1990 and 1991 (Wynne et al., 1991, 1992). 

Puffins comprised a fairly large part of the take in 2002, but less in 2005.  The majority 
were tufted puffins, and these were primarily breeding birds of both sexes.  Puffins are the 
most abundant breeding seabird in the Kodiak area, and their diving foraging behavior 
makes them susceptible to gillnet bycatch.  

Cormorants, made up more of the take in 2005 than in 2002. Those taken in 2005 
were pelagic cormorants, with none of the rarer red-faced cormorants that were taken 
2002.  No definitive brood patch was found on any of the cormorants, indicating that they 
were non-breeding birds. Red-faced cormorants, because of their low numbers and large 
declines in population in recent years (Byrd et al., 2004; Byrd and Williams, 2004) are 
currently a species of concern for the U.S. Fish and Wildlife Service (USFWS, 2002a). 
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Six species of birds are occasionally at risk of being taken in the Kodiak Island set 
gillnet fishery.  Birds that were taken in 2002 but not in 2005 are the red-faced cormorant, 
least auklet, horned puffin, and sooty shearwater.  Birds taken in 2005 but not in 2002 
were the Kittlitz’s murrelet and white-winged scoter.  Thick-billed murres and harlequin 
ducks were taken both years, but these were only takes of single birds. 
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Appendix B: The Sampling Plan and Protocols for Kodiak in 2005 

The goal of the Alaska Marine Mammal Observer Program (AMMOP) Kodiak study was 
to observe and document interactions between commercial set gillnet gear in and around 
Kodiak Island and marine mammals, during normal fishing operations. The intention was 
to use the data collected by the observers to extrapolate estimates of marine mammal 
interactions with fishing gear in order to assess the impact of the fishing operations on the 
affected marine mammal stocks. NOAA Fisheries determined that a coverage level of 5% 
of the total fishing effort is a minimum that will satisfy the statistical requirements for the 
reporting of incidental take in the fishery to be used for management purposes. To 
achieve the coverage target of 5% of overall fishing effort across the fishery, projected 
coverage needs in permit sampling days were developed before sampling began. 
However, these numbers were adjusted as the fishery progressed through the season and 
actual effort became known. 

AMMOP Sampling Regions 

The set gillnet fishing areas around Kodiak was stratified into regions to make the 
distribution of observer effort more feasible and to obtain results that are statistically more 
accurate.  Regions were defined by geography, traditional fishing patterns and fish 
processor coverage.  To allow observer coverage levels to be adjusted to most accurately 
reflect the actual fishing effort, the regions were also structured to encompass sites that 
start and stop fishing at similar times.  This allowed transit between all sites within a region 
within a 12-hour period. The contractor was responsible for determining where and when 
fishing effort occurred. 

ADF&G manages the fishery in two districts.  The Northwest District includes Uyak, 
Uganik, and Viekoda Bays, Kupreanof Straits and the North Cape permits, while the 
Southwest District includes Alitak, Moser, and Olga Bays. The Northwest District typically 
is fished by about 100 permit holders and constitutes about 60% of the annual fishery 
effort. The Alitak District averages 70 participating permit holders and represents about 
40% of the annual fishing effort. 

The Northwest (NW) District was divided into the following four regions for the AMMOP 
study: 

! The Northern NW region (KI1A) consists of the permits in the North Cape section and 
Kupreanof Straits, including ADF&G statistical areas 259-35 to 259-39. This covers a 
large area, however, traditionally only 15 to 20 permit holders are active in this region. 
These sites typically start fishing later and stop fishing earlier than sites in other areas. 

! The Central NW region (KI1B) consists of Viekoda Bay. It includes all permits north of 
Cape Uganik and south of Kupreanof Straits and the ADF&G statistical area 253-31. 
There are 15 to 20 active permits with sites ranging from the exposed cape to sheltered 
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ones in the back of the bay. Although some permit holders leave earlier in August, the 
majority of the permits holders are active until late August when the processor stops 
buying fish. 

! The Southern NW region (KI1C) consists of Uganik Bay and Uganik Passage.  This 
region includes all permits south of Cape Uganik to Cape Kuliuk and the ADF&G 
statistical areas 253-11 to 253-14. The region consists of about 25 active permits with 
sites ranging from exposed cape to sheltered ones in Uganik Passage and Northeast 
Arm.  Although some permit holders leave earlier in August, the majority of the permits 
holders are active until late August when the processor stops buying fish. 

! The Uyak Region (KI2) consists of Uyak Bay.  It includes all permits south of the 
ADF&G line at Cape Kuliuk to Rocky Point and ADF&G statistical areas 254-10, 
254-20, 254-30, and 254-40.  The region currently has 45 to 50 active permit holders, 
which concentrate on the southern shore of the bay and in the Larsen Bay area.  A 
handful of permit holder operate sites on the north shore of Uyak Bay and in the back 
of the bay.  Many of the sites in Uyak Bay are very productive and will fish as long as 
there is a market available, usually into September. 

The Alitak District was divided into the following three regions for the AMMOP study: 

! The Olga Bay Region (KI3), which includes the ADF&G statistical area 257-40 with 
approximately 20 regular permit holders. 

! The Inner Moser Bay Region (KI4), which is north of a line from the southernmost point 
of Moser Point west to the northernmost point of Amik Island, and west to the 
easternmost point of the Kodiak mainland north of the Little Narrows, with about 22 
permit holders. 

! The Alitak Bay Region (KI5), which is south of the line defining the Inner Moser Bay 
Region, including the outer Moser Bay and parts of the Alitak Bay with about 30 permit 
holders. 

Fishing gear in Inner Moser Bay can be placed in the water 12 hours after the 
scheduled fishery opener in Olga Bay. In Outer Moser Bay, fishing gear can be put in the 
water 24 hours after the Olga Bay opening. For example, if on the 14th of June Olga Bays 
opens at noon then Inner Moser Bay sites can begin fishing at midnight, and Outer Moser 
Bay sites can begin fishing at noon on the 15th. Some permit holders in Outer Moser Bay 
move their nets into Olga Bay for 24 hours to maximize their fishing effort. In recent years 
the Alitak District has had several poor salmon returns.  It was not fished in 2002 and was 
restricted in 2003. The fishery is open for a maximum of four out of every seven days. It 
is typically closed by early to mid August. 
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Estimating Fishing Effort 

To distribute observer coverage in a manner that accurately reflects the distribution of 
fishing effort over time and area, the contractor established the gross fishing effort through 
the determination of the total time permits can fish and the individual effort of each permit.
 A list of all permit holders was available from the Alaska Department of Fish and Game 
(ADF&G), the management entity for this fishery. Direct observations of sites were the 
primary means of determining the beginning of fishery effort. The contractor flew an aerial 
survey on the first full length opener to determine which sites were participating.  The 
contractor then adjusted the preseason estimates of the observer coverage to match the 
actual fishing effort.  The contractor obtained fishery opener announcements from ADF&G 
Kodiak area biologists to plan observer deployments and calculate fishing effort on an 
ongoing basis. 

The contractor determined several measures of the in-season effort for each region. 
These were (1) the ADF&G fishery opener hours, (2) the number of active permits, (3) the 
date that each permit holder started fishing for the season, and (4) the date each permit 
holder completed the fishing season.  Additionally, the fishing effort was determined on a 
daily basis during all openers.  Once a permit holder begins fishing for the season, their 
nets typically remain in the water for every open period until the permit holder ceases 
fishing operations, except under some circumstances such as a general fishing stand 
down, a strike, a permit holder must leave the grounds for an emergency, or the net, 
though left in the water, is rolled up and not actively fishing.  Therefore, some verification 
of actual fishing effort had to be made for each permit holder.  

Verification of daily fishing effort at each site in each region was accomplished through 
two methods.  The first method was in real time, although it was expected to cover only 
about 80-90% of the sites in a region.  Observers on skiffs and research vessels transiting 
throughout each region recorded all sites that had deployed nets, noted the presence or 
absence of buoy sets, and indicated if weather or other circumstances have decreased 
effort at any sites.  Identification of sites was made from a laminated, labeled site chart of 
the region.  The second fishing effort verification method occurred periodically when a 
site was sampled.  The observer asked the permit holder if he or she had full time during 
each opener since the last time the site was sampled.  If not, the best estimate of the 
number of hours the net was not fishing during a given opener was obtained from the 
permit holder. 

Observer effort was tracked by area on a real-time, weekly basis and compared to the 
best estimate of fishing effort to ensure the target coverage levels of 5% were met.  Where 
discrepancies were noted, adjustments were made to the observer distribution to ensure 
that the monthly target levels of 5% per area were met. 
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Permit Sample 

The permit sample is the basic unit of observation for the analysis of the data.  This is 
defined as the observation of all picks on a standard length of gillnet (150 fathoms) in a 
24 hour period, during which the net is submerged and fishing.  If all picks in the 24-hour 
period could not be observed then reasons for this were documented in comments on the 
Trip Form, and the percentage of the total fishing effort observed within the 24-hour period 
for that permit was determined. Any permit sample that covered less than all the picks in 
a 24-hour period was considered to be a partial permit sample. 

When and how often a permit holder picks the nets at their site is highly variable 
between sites and at the same site at different times in the season.   Most permit holders 
will pick their nets several times during the day, starting early in the morning and ending 
late at night.  Some permit holders pick their nets six or more times a day, while others pick 
it only once.  However, the majority of the permit holders pick their nets three times during 
the day, in the morning, afternoon, and evening.  Patterns are common and certain permit 
holders have tendencies to pick more often.  The most common reason permit holders pick 
their net more frequently is an increased number of fish in the net.  Fluctuations in salmon 
runs, weather and tidal action, and location all contribute to the amount of fish moving past 
the net. 

The lead observers contacted selected permit holders the day prior to the expected 
observation to determine the estimated picking schedule for the sample day.  Observers 
then deployed to the selected site on the designated sampling day in time to observe the 
initial pick.  Observers collected data on the fishing operations, marine mammal incidental 
takes, and seabird and other bycatch from independent skiffs.  Observer skiffs are 
operated by full time drivers and observers are not allowed to drive the skiffs during 
sampling periods.  Observers watched all the picks at a selected permit during the 24 hour 
sampling period, unless unforeseen circumstances prevented this.  They stayed at sites 
as long as possible allowing for sufficient light and reasonable weather for the trip back 
to base camp.  This was more of an issue late in the season, but permit holders generally 
did not pick after dark.  Operations were most often 5 or 6 am to about 9 pm or sometimes 
later. Observers took breaks during the day between picks as circumstances allowed, to 
limit the total sampling duty time to 12 hours. Observers stayed as late as possible at a 
site to observe all picks during the 24 hour period.  This strategy was successful in 
obtaining full permit samples.  Partial samples, when they occurred, were generally the 
result of factors other than observer sampling time constraints. 

In some cases when the observer was not able to watch the last pick of the day at the 
sample site, the permit holder was contacted the following day to determine the final 
number of picks at the sample site.  It was planned that if certain permit holder's pick 
strategies were such that an observer was consistently unable to observe all picks during 
the 24 hour sampling period then a random start time strategy would be employed by 
observers for observing that site.  However, this strategy was never utilized. 
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Lead observers monitored weather reports and compiled input from the field to 
determine weather projections in the vicinity of the sites to be observed.  Based on these 
weather reports, lead observers  assessed the probability of observations being able to 
be conducted in part or total.  For safety and data quality reasons, permit were sampled 
according to the weather safety protocols that are outlined in the Beaufort Scale Sampling 
Reduction Plan that is shown below.  Lead observers assigned coverage to the next permit 
on a list if observation of the permit selected could not occur. 

Joint Ventures, Leased Nets, and Cooperatives 

In some areas, permit holders join together to fish as cooperatives or joint ventures. 
Joint ventures, leased nets, and cooperatives required distinct sampling protocols to avoid 
biased sampling. 

Joint ventures (JVs) occur when two or more permit holders combine permits and share 
sites.  Typically two permit holders set three 100-fathom nets made out of the two 
150-fathoms of gear allotted to each permit. Both permit holders pick the nets from a single 
skiff, working the gear like one large permit. 

During the random selection process, each permit number was assigned a poker chip. 
Once a complete sampling list for the region was selected, the second of the two JV permit 
numbers was marked off and combined with the first one on the list. The JV permits were 
then sampled together by one observer in most cases.  One set of trip forms was filled out, 
with both permit numbers included on the Trip Form. An Operation type of '2 - Joint 
Venture' was entered on the Trip Form. Two Permit Sample Days were considered to be 
achieved where two standard lengths of nets were observed. 

Another form of combining gear is the use of leased nets, which occurs when a permit 
holder leases a section of gillnet to another permit holder. The most common example of 
this practice is for Permit holder A (the lessor) to lease permit holder B (the lessee) a 50 
fathom section of gillnet.  Permit holder A then fishes one 100 fathom net and permit 
holder B fishes two 100 fathom nets. Leased nets are often in separate bays, the lessor 
does not manage the leased net, and the lessee often does not distinguish the leased 
section of their fishing nets. 

The leased portion was sampled with the lessee's nets when the lesee's permit number 
came up for sampling.  In the example above, when the lessee was selected for 
observation, the observer watched all 200-fathoms of gear.  The permit holders were 
selected separately for placement on the sampling list and observed separately, and each 
permit was counted as one Permit Sample Day for record-keeping purposes.  When the 
lessee permit holder was sampled, observers recorded an operation type of '4 - Leased 
Nets' on the Trip Form and indicate the length of leased net.  When a lessor permit holder 
was sampled, and less than 150 fathoms of net was being fished, the length of net not 
present because was leased to another permit holder was recorded on the Trip Form.  The 
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observer also made notes in the comment section detailing the lease arrangement, 
including the length of the leased portion of net, the location of the site, and the permit 
number of the other party involved. If the information was available, the observer noted 
the leased section of gear in the notes on the Gear Characteristics Form. 

Some permit holders operate several sites in cooperation with other permit holders, as 
a cooperative (co-op). These are family groups, friends, or business associates using one 
or multiple skiffs working together to pick all the members' nets.  Skiffs might pick two to 
four permits before returning to camp.  Difficulty in observing these operations arises when 
two or more skiffs pick a series of cooperative nets as a team as more than one observer 
platform is required to watch the multiple skiffs pick the gear. 

At Kodiak the co-ops range from two permit holders working four 75-fathom nets to 
twelve permit holders fishing 20 to 24 nets of varying lengths. In most cases, the nets are 
clearly marked and the permit number is obvious.  However, some co-ops are more lax 
than others.  When multiple fishing skiffs are used, typically two skiffs begin at the middle 
and work towards the ends of the net.  Often a team of two skiffs will pick two to four co-op 
permits in a day.  One Co-op uses three sets of three skiffs to tend 12 permits.  In that 
case, one set of the three skiffs goes to a set of three to four permits (six to eight nets), 
where one skiff picks the trap (or hook), and while the other two skiffs start in the middle 
of the net and work out to the ends. The skiffs move on to the next net when they have 
finished their section of the net. The other two sets of skiffs do the same on the other 8 or 
9 permits. 

In a more typical example of a Co-op, three permit holders work together with permit 
numbers A, B, and C. In this example, each permit holder fishes two 75-fathom nets for a 
total of six 75-fathom nets. They use two skiffs to pick the nets, typically starting a net A1 
and picking in the following order B1, C1, A2, B2, and C2. This order may change, 
however, due to amount of fish, gear damage, weather, etc. 

The contractor used cluster sampling to address the problems that arise due to multiple 
picking skiffs at co-op sites.  During the random selection process each permit number in 
a co-op was assigned a poker chip.  Each permit number in a region then had an equal 
opportunity to be sampled. Once a sampling list for the region was generated, 
observations began at the top of the list. When one permit in a co-op came to the top of 
the list, all co-op permits that were picked in conjunction with the selected permit on that 
day were sampled as well. The lead observer marked off the additional permits sampled 
from the list, and they were not sampled again until the sampling list was completed (i.e., 
all permits on the list sampled) and a new list generated. 

For example, suppose that on the sampling list for a region, the 4th, 17th and 30th 
permit numbers were fishing together in a co-op.  All three were then sampled on the day 
the 4th permit was at the top of the sampling list, and all three permits were removed from 
the list until list was re-randomized. The number of observers required to sample the three 
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permits was determined by the number of skiffs used by the fishermen to pick the nets, 
with one observer skiff assigned to each fishing skiff for the day.  A total of three permit 
samples was then completed for the one trip.  One trip form was completed by the 
observer assigned to the permit actually selected from the list, and included all the data 
from the permits sampled with the selected permit. An operation type of '3 - Co-op' was 
entered on the trip summary form, and the other observer or observers coordinated with 
the primary observer in completing all the required data forms. 

Such cluster sampling of co-op nets achieved increased program efficiency.  Using 
multiple observation skiffs at co-ops reduced the number of partial observations of such 
sites. It also improved relationships with co-op fishers because it greatly reduced the 
number of sampling days at the larger co-ops.  In 2002, observers were at the co-op with 
12 permits almost every day.  Under the new protocol, the effort was concentrated into 
three or four sampling days in a rotation through a monthly sampling list. 

Beaufort Scale Sampling Reduction Plan 

Weather can potentially affect all observations and can bias observer coverage of more 
exposed sites. Many of the sites located on capes in Shelikof Strait receive extreme 
weather.  The contractor ensured that observer coverage at exposed sites was in 
proportion to other sites in a region based on fishing effort. Bad weather also reduces the 
quality of observations during soak watches due to wave action and sampling platform 
movement.  Fifteen-foot seas are not uncommon at cape sites.  Moderate weather will 
reduce visibility and obscure interactions, while strong winds and heavy seas will cause 
serious safety concerns. 

Lead observers used a combination of National Weather Service forecasts, USCG 
weather reports, RV captains' and skiff operators' evaluations, and information provided 
by area radio contacts. Lead observers attempted to establish the weather at sites before 
deploying observers. If the weather began to worsen, observers relayed this information 
to the RV, lead observer, or other appropriate parties and a determination to change 
sampling protocols appropriately was made. Avoidance of placing observers and skiff 
operators in danger during severe weather conditions was paramount.  For these reasons, 
the contractor deployed observers based on the sea state and implemented a Beaufort 
Scale Sampling Reduction Plan as follows: 

! Beaufort 0-3 (wind 0-10 kts, seas 0 - 3.5 ft):  All sampling occurred as scheduled. 

! Beaufort 4 (wind 11 to 16 kts, seas 3.5-5 ft): All soak watches (for the marine mammal 
sighting form, which does not include the essential pick observation data) was 
suspended.  At Beaufort 4, frequent white caps and small waves begin to limit visibility, 
affecting the dependability of soak watch data. Anchoring a skiff to a buoy becomes 
quite dangerous in four-foot seas.  Observer effort focused on observing picks. 
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! Beaufort 5 (wind 17-21 kts, seas 6-8 ft):  Lead observers could direct observers and 
skiff operators to use alternate sites.  R/V captains restricted the deployment of skiffs 
during Beaufort 5 weather.  R/Vs that would normally deploy two skiffs at two locations 
would select one of the two locations and determine if a single skiff could safely be 
deployed during picks only. The R/V remained in position nearby to respond in case 
the skiff encountered trouble.  Sampling distances from the R/V in rough weather was 
no greater than 30meters. 

! Beaufort 6 and higher (wind 22+ kts; seas 9.5 ft +):  All observations were suspended. 
Ten-foot white-capped waves with scattered spray reduced visibility beyond acceptable 
observation levels.  Some remote observations of sites from R/Vs was allowed for 
verification of fishing effort only. R/Vs established whether the net was fishing and 
tried to contact the permit holder to determine if the site would be picked that day. 
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Appendix C: Variables Recorded by Observers in 2002 

Gillnet Gear Characteristics Form 

! Lead length, depth, twine size, lead material, minimum and maximum mesh size, and 
color. 

! Net length, depth, twine size, net material, number of strands, minimum and maximum 
mesh size, and color. 

! Hang ratio, dropline use, dropline height, floatline use, floatline material, weedline use, 
weedline material, leadline use, leadline weight, number of floats, float type, float color, 
float distance, float length, number of anchors, anchor type, hook shape, and number 
of buoys. 

! Pinger use, brand, number, percent operating, and frequency. 

! Light use and number, alarm use and number. 

Set Gillnet Haul Form 

! Zone, land, tide, statistical area, pressure washer use. 

! Water temperature, water clarity, and air temperature. 

! Minimum and maximum distance to shore. 

! Begin and end haul time, location and bottom depth. 

! Fish and soak durations, and primary species sought. 

! Percent net run, pulled and observed. 

! Gear damaged, observation quality, and occurrence of incidental take. 

! Skiff size, number of skiffs used, and number of crew per skiff. 

! Weight and number of individuals and type for weight and numbers caught by species, 
disposition (kept or discarded), condition (alive or dead), and disposition reason. 

Fish/Shark Sample Form 

! Trip, haul, species, tag number, tag type, tag status, animal condition, injury, sex, total 
length, fork length, girth, weight, weight type, and if samples were collected. 
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Incidental Take Form (Mammal and Bird Bycatch) 

! Trip, haul, photos, disentanglement description, horizontal location, vertical location, 
animal condition, injury description, age class, sex, and whether it was sampled. 

Marine Mammal Sample Form 

! Trip, haul, species, tag number, standard length, girth, flipper length, flipper width, 
dorsal fin height, fluke width, blubber thickness, samples taken. 

Marine Bird Sample Form 

! Trip, haul, species, tag number, plumage description (phase and feather condition), 
weight, head-bill length, culmen length, tarsus length, wing chord, brood patch 
description, fat index, samples taken. 

Sighting Form 

! Trip and/or day, observer code, event type (watch type, scan type, sighting, other), 
platform, time, latitude and longitude, weather, beaufort, wave height. 

! Sighting species or vessel type, number, animal behavior, distance to gear, distance 
to vessel. 

Changes Made for 2005 

! On the Gillnet Gear Characteristics Form extra information was required on the lead 
use, the hang ratio of nets, the float shape instead of the float type, and the anchor 
use. 

! On the Set Gillnet Haul Form water clarity was not collected in 2005. 

! On the Incidental Take Form (Mammal and Bird Bycatch) extra information was 
required on the species, tag number, tag type and tag status. 

! On the Marine Mammal Sample Form extra information was required on whether the 
skin was collected, the animal was collected whole, the jaw or teeth were collected, and 
the stomach collected. 

! On the Marine Bird Sample Form extra information was required on whether the bird 
was retained whole, the head or feet collected, and the stomach collected. 

! On the Sighting Form the vessel type was not required. 
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Appendix D: Forms Used by Observers in 2002 

Data Collection Organization Chart 
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Trip Information Form 
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Set Gillnet Gear Characteristics Form 
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Set Gillnet Haul Form 
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Sighting Form 





Fisher Comment Form 
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Incidental Take Form 





Marine Mammal Sample Form 



Marine Bird Sample Form 



Fish/Shark Sample Form 
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