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Abstract
The number of marine mammals killed in California gillnet 

fisheries is estimated for the time period April 1 to June 30, 
1992, based on observations made by biological technicians placed 
aboard commercial fishing vessels. Currently, the number of 
fishing days is the only available measure of effort for the set 
and drift net fisheries; therefore, these effort-days are used to 
extrapolate from observed mortality to total estimated mortality. 
Extrapolation is done using mean-per-unit and ratio estimators. 
The coverage rates were 11% and 31% for the set-net and drift-net 
fisheries, respectively.

For the second quarter of 1992, the estimated mortalities of 
marine mammals (standard errors in parentheses) for the set-net 
fisheries are: 1573 (142) California sea lions, 52 (70) harbor 
seals, and 36 (15) northern elephant seals. No other species were 
observed killed in the set-net fishery. The estimated mortalities 
for the drift-net fisheries are: 7 (3) northern elephant seals, 16 
(8) common dolphins, 3 (2) Steller sea lions, and 3 (2) Dali's 
porpoise. During this time period no other species of marine 
mammals were observed killed in the drift-net fishery. These 
estimates are based on the assumption that the fishing effort is 
known without error.

1. Introduction
During the late 1970's and early 1980's, there was a rapid 

expansion in the use of entangling nets (drift gillnet, set 
gillnet, multi-panel, and trammel nets) in coastal California 
waters (Herrick and Hanan, 1988) . The incidental kill of many non­
target species, including marine mammals, with these nets has 
became a focus of concern for state and national environmental and 
legislative bodies. Such was the concern, in fact, that the state 
of California passed a referendum banning the use of set gillnets 
in coastal waters of Southern California beginning in 1994.
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This report is the first of the quarterly marine mammal 
mortality estimates for the California gillnet fisheries. The 
period covered is April 1 to June 30, 1992. Because the primary 
objective of this report is to succinctly present estimates of 
marine mammal mortality, the description of the calculations used 
to arrive at the figures presented herein is less detailed than 
that in the annual marine mammal mortality reports (e.g. Perkins, 
et al. 1992) . More detailed information regarding calculations and 
related topics, e.g. fishing effort, can be found in that report.

In this report, pinniped and cetacean mortality is estimated 
for the second quarter of the calendar year 1992 for two gillnet 
fisheries: the California halibut/Pacific angel shark set-net 
fishery and the shark/swordfish drift-net fishery. These mortality 
estimates are made using mean-per-unit and ratio estimators 
assuming the fishing effort is known without error. In fact, by 
nature of its determination, fishing effort is probably biased low, 
i.e. underestimated. For a description of the two fisheries under 
consideration and a discussion of their relation to the U. S. 
Marine Mammal Protection Act (MMPA), see Barlow, et al. (in press) 
and Lennert, Kruse, and Beeson (1991).

There are four sections of this report. The second and third 
section discuss the data, calculations, and results for the set-net 
and drift-net fisheries, respectively. The last section is a brief 
discussion of the results of these quarterly estimates as they 
relate to previous mortality estimates.

2. Set-Net Fisheries
Data

Figure 1 shows the frequency distributions for the number of 
set-net net pulls by area and month, observation type, depth, net 
length, soak time, and catch (halibut and angel shark). Figure 2 
shows the geographic distribution of marine mammal kills for the 
set-net fisheries. Of the 698 observed net pulls, there were 518 
with no marine mammal entanglements. Of the 250 observed 
entanglements, 180 were sea lions (174 known to be California sea 
lions, 6 were unidentified), 61 were harbor seals, 5 were northern 
elephant seals, and 4 were unidentified pinnipeds. No harbor 
porpoise were reported entangled. There were 130 observed net 
pulls with sea lion entanglement and 56 with harbor seal 
entanglement. Table 1 summarizes the total and mean number of 
entanglements (per net pull) by month and area for each of these 
four species. The unidentified sea lions were assumed to be 
California sea lions because no other sea lion species were 
observed entangled.
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Methods
In order to extrapolate from observed marine mammal kill to 

total kill, the total fishing effort must be estimated. The 
California Department of Fish and Game (CDFG) provides the National 
Marine Fisheries Service (NMFS) with quarterly and yearly estimates 
of fishing effort for both the halibut/angel shark set-net fishery 
and the shark/swordfish drift-net fishery (Beeson, 1992) . For the 
purpose of estimating total marine mammal kill, the total effort 
estimates were treated as known, even though they contain some 
small error due to incomplete and/or inaccurate reporting by 
fishers.

Results of the exploratory data analyses of Perkins, et al.
(1992) show that calendar quarter and geographic stratification 
contribute significantly to explaining the variability in the 
observed number of marine mammal entanglements. The current method 
for estimating quarterly mortality and mortality rates involves 
stratifying the data into four areas: southern California, 
Ventura, Channel Islands, and central California. Observed effort 
for the Channel Islands and central California was very low during 
the second quarter of 1992. Consequently, reliable mortality rates 
could not be established for these areas. Instead, the mortality 
rates (and their corresponding standard errors) for these areas 
were assumed to be equal to the mortality rates for the Ventura 
area. This assumption provides a reasonable approximation to 
actual rates. Variance estimates have been calculated using an 
analytic variance estimator based on the delta method (Rice, 1988 
or Cochran, 1977).

Although net pulls were the sampling unit for observer data, 
the total fishing effort reported by CDFG was in terms of effort- 
days; for one vessel, one day of fishing equals one effort-day. 
Thus total mortality was estimated based on days as the unit of 
sampling. In the set-net fishery, boats make trips of one to 
several days duration. Observed trips longer than one day are rare 
because accommodations for observers are almost nonexistent. 
During each day of effort a boat makes several net pulls; the mean 
for this quarter was 3.144 (s.e. = 1.250). Sampling for 
observation consists of first selecting a boat and thten observing 
all net pulls made during a particular trip. Because all observed 
set-net trips during this quarter lasted a single day, the 
observations were treated as a random sample of days.

This report includes estimates of mortality due to the set-net 
fisheries for the species of marine mammals for which mortality was 
observed: California sea lions, harbor seals, northern elephant 
seals, and harbor porpoises. For each species, a kill rate rs, and 
total set-net mortality, ms, is estimated for each area using a 
mean-per-unit (MPU) estimator with days as the sampling unit. (A 
ratio estimator based on net pulls cannot be used because even 
though the observed number of net pulls is known, the total number
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of net pulls is unknown.) The MPU estimators and their estimated 
variances for the southern California and Ventura areas are (see 
Rice, 1988 or Cochran, 1977):

= <Ei ki,s>/ds ^r.s = (1/ds^k.

m. = Drs s s m,s = D? alr,s
where k{ is the observed kill per day, s is the sampling 
variance'of kj , and ds and Ds are the observed and total number of 
days of effort: in the stratum, respectively. The indices i and s 
refer to the day and strata, respectively. The kill rates and 
variances for the Channel Islands and central California areas were 
approximated by the rate and variance for the Ventura area. The 
estimates of overall kill rate, r, and total mortality, m, across 
all strata, and their variances, are then weighted averages:
r = Ds^/D a? = <Es ^ ^s)/d2

m = Dr o2m = n2o2r

where D is the total number of days of effort.

Set-Net Results
Table 2 summarizes the estimated kill rates, rs, and kill, ms, 

for each stratum, as well as combined total estimates, r and m, for 
the four species considered. The estimate for the California sea 
lion mortality is based on kill data that include 6 unidentified 
sea lions. These six were assumed to be California sea lions 
because there were no Steller sea lions observed killed in the set- 
net fishery during this quarter.

3. Drift-Net Fisheries
Data

Figure 3 shows the frequency distribution for the number of 
drift-net net pulls by area and month, observation type, depth, net 
length, and soak time. There were no observations made in the 
Channel Islands or Central/Northern California areas. Histograms 
of the swordfish and shark catch are also shown. Figure 4 shows 
the geographic distribution of marine mammals killed in the drift- 
net fishery during this quarter of 1992. Of the 30 observed net 
pulls, there were 23 with no entanglements. Of the 9 
entanglements, 5 were common dolphins, 2 were northern elephant 
seals, 1 was a Steller sea lion, and 1 was a Dali's porpoise. 
Table 3 summarizes the total and mean number of entanglements (per 
net pull) for these species stratified by month.
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Methods
For the drift-net fishery, boats make a single net pull per 

day, thus days and net pulls are equivalent units. However, the 
assumption that observed days are a random sample is not realistic 
since a trip consists of a cluster of days. Drift-net sampling 
consists of first selecting a boat and then observing all net pulls 
made during a multi-day trip. Thus, a mean-per-unit estimator 
based on days is inappropriate. Instead, the trips were treated as 
a random sample and mortality rate and total drift-net mortality 
were estimated using a ratio estimator with trips as the sampling 
unit and days per trip as the auxiliary variable. Data were not 
stratified by area because results from Perkins, 1992, indicate 
that geographic area is not a significant predictor of mortality.

Mortality due to the drift-net fishery was calculated for all 
species for which kill was actually observed in the period April 1 
to June 30, 1992. The estimates of kill rate, r, and total 
mortality, m, and their variances are (see Cochran, 1977 or Rice, 
1988) :
r = (E; kj) / (E; d{) , a2 = (1-d/D) (l/n) (l/d2vg) (r2 a2 + a2 - 2radk) 
m = Dr, a2 = D2a2
where k? and d- are the observed kill and number of days for the ith trip; dgVg is the sample mean number of days per trip; a?, a2, and 0dk 
are the sampling variances and covariance of d; and kj,- d is the 
observed number of days, n is the observed number of trips, and D 
is the total number of days of effort. In these calculations the 
finite population correction (1-n/N), where N is the total number 
of trips was approximated using (1-d/D), because the total number 
of drift-net trips is not known.

Drift-Net Results
Table 4 summarizes the estimated kill rate, r, and mortality, 

m, for all species for which kill was actually observed.

4. Discussion
Total and observed fishing effort for the four areas of 

interest, both set and drift net, are shown in Figures 5 and 6. 
Drift and set-net fishing effort in the Channel Islands and central 
California areas have been substantially undersampled during this 
quarter. The Channel Island waters typically contain the highest 
density of marine mammals and undersampling may bias mortality 
estimates significantly. Undersampling and biased sampling should 
be addressed in future observation efforts. Comparing the fishing 
efforts for this quarter with those in Perkins, et al. (1992)
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indicates that the total set-net fishing effort in the Ventura area 
is substantially below the 1991 level of effort for the same 
quarter (675 vs. 1083 effort-days). For the set-net fishery the 
observed average catch of halibut and angel shark per net pull, 
Figure 1, has not changed much from 1991 levels. The same appears 
to be true of the average shark catch per net pull in the drift-net 
fishery, Figure 3. In the drift-net fishery, the observed average 
number of swordfish caught per net pull is below the 1991 level 
(0.1 vs. 2.79). While there has been little change in catch when 
compared to the 1991 average level, marine mammal mortality has 
changed substantially. In the set-net fishery the kill rate for 
California sea lions is about three times the kill rate in 1991. 
The same is true for harbor seals. Using a t-test, these rates 
represent a significant increase at the a=0.01 level. The kill 
rate for northern elephant seals in this quarter is twice the kill 
rate for northern elephant seals in 1991. The drift-net fishery 
has seen a significant increase at the a=0.01 level in the 
mortality rate for northern elephant seals and common dolphins from 
the 1991 levels.
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Table 4. Estimated pinniped and cetacean kill rates and total kill, by species, in the shark/swordfish drift 
net fishery, from April 1 to Jire 30, 1992. KPD = kill per day.

Days of Effort 98

California Sea est. KPD 0 __

Lion
est. Kill 0 __

Northern
Elephant Seal

est. KPD

est. Kill

.0667

6.53

(.0313)

(3.07)

Common Dolphin est. KPD .1667 (.0792)

est. Kill 16.33 (7.76)

N. Right Uhale
Dolphin

est. KPD

est. Kill

0

0

—

--

Pac. Uhite- est. KPD 0 —

Sided Dolphin
est. Kill 0 —

Steller Sea
Lion

est. KPD .0333 (.0215)

est. Kill 3.27 (2.10)

Dali's
Porpoise

est. KPD

est. Kill

.0333

3.27

(.0215)

(2.10)



Figure 1. Observed net pull data for entire the halibut/angel shark set-net 
fishery during the period April 1 to June 30, 1992.
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Figure 1. Observed net pull data for the entire halibut/angel shark set-net 
fishery during the period April 1 to June 30, 1992.
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Figure 2. Location of observed marine mammal kills from the halibut/angel shark set-net 
fishery during the period April 1 to June 30, 1992 - all species. Note: There 
are no kills indicated in some areas because there was little or no observed 

effort in those areas, e.g. Channel Islands and central California.
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Figure 3. Observed net pull data for the entire shark/swordfish drift-net 
fishery during the period April 1 to June 30, 1992.
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Figure 3. Observed net pull data for the entire shark/swordfish drift-net 
fishery during the period April 1 to June 30, 1992.
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Figure 4. Location of observed marine mammal kills from the shark/swordfish drift-net 
fishery during the period April 1 to June 30, 1992 - all species. Note: There 
are no kills indicated in some areas because there was little or no observed 

effort in those areas, e.g. Channel Islands and central California.
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Figure 5. Total fishing effort, in days fished, for the halibut/angel shark 
set-net fishery during the period April 1 to June 30, 1992.
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Figure 6. Total fishing effort, in days fished, for the swordfish/shark 
drift-net fishery during the period April 1 to June 30, 1992.

The black portion indicates the 
percentage of effort observed.
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