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SUMMARY 

Five driftnet fisheries currently operate within the geographic 

range of Dall's porpoise: Japanese salmon mothership, salmon landbased 

and squid fisheries, and Taiwanese and Korean squid fisheries. These 

fisheries use similar methods and gear and their combined operations 

cover extensive areas of the North Pacific Ocean and Bering Sea, from 

May to December. The amount of gear used in 1985 by the salmon 

fisheries was over 216,600 km. The combined squid fisheries used about 

1. 7 mi 11 ion km. 

Incidental take of Dall's porpoise is reported by the salmon 

fisheries and in 1985 by the Japanese squid fishery. Reported take by 

these three fisheries in 1985 was 5,917 porpoise. U.S. and Japanese 

observers monitored approximately 6% of the gillnet operations in the 

Japanese salmon mothership fishery. The estimated incidental take 

since 1981 has ranged from 2,862 to 5,903. Similar take levels are 

estimated to occur in the landbased fishery. With respect to the squid 

fisheries, there is no monitoring of take and little information is 

available on the co-occurrence of squid and porpoise. Therefore, 

estimation of porpoise take by the squid fishery is difficult. 

Dall's porpoise is widely distributed in the North Pacific north 

of about 40°N during the summer, and occurs also in the southern Bering 

Sea. It is a small cetacean that occurs in small groups of 2 to 6 

generally. Individuals live about 10 to 13 years and reach sexual 

maturity at a mean age of about 4 years in both females and males. 
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Most mature females produce a calf annually. Calving occurs from 

mid-June until late July in the western North Pacific and begins 

several weeks later in the Bering Sea. Breeding probably begins in 

early August in the western North Pacific. 

Results of analyses of samples from porpoise collected in the 

western Pacific Ocean and southern Bering Sea indicate that separate 

populations are likely to exist in these areas. There is insufficient 

information available from animals from the eastern Pacific to 

determine whether there is another population there or not. 

Estimates of the abundance of Dall's porpoise were made for pooled 

data for 1980-1984 using line transect methodology based on sighting 

data collected by U.S. biologists. Estimated abundance for the Bering 

Sea population ranges from 148,000 to 270,000. In the western North 

Pacific, assuming a subpopulation east of 172°W longitude, abundance is 

estimated to be 483,000 to 955,000. The estimates for the total North 

Pacific and Bering Sea area are 1.4 to 2.8 million. Visibility 

conditions during surveys and the response of porpoise to survey 

vessels can result in under- and over-estimation, respectively. 

Population estimates for the western North Pacific and the Bering Sea 

corrected for biases due to visibility and attraction are presented in 

Turnock ( 1987). 

The status of the population with respect to initial population 

size was assessed using a simple population model with a range of catch 

rates and maximum net recruitment rates. Separate populations were 
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assumed to be affected by the driftnet fisheries in the western North 

Pacific and Bering Sea. Results for the Bering Sea indicate that the 

current population size is above the minimal acceptable level (60% of 

the initial size). In the western North Pacific results indicate that 

for lowest maximum net recruitment rate and highest catch rates, the 

population could be below the minimal acceptable level. 
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INTRODUCTION 

With the establishment in 1976 of the 2OO-mile U.S. Fishery 

Conservation Zone, subsequently known as the Exclusive Economic Zone 

(EEZ), incidental take of marine mammals by fisheries operating in the 

zone became a U.S. management concern. Japanese salmon gillnet 

fisheries in the North Pacific Ocean and Bering Sea take incidentally 

Dall's porpoise (Phocoenoides dalli) and small numbers of other marine 

mammals. Since 1978 Japan and the U.S. have conducted a cooperative 

research program on Dall's porpoise under the auspices of the 1952 

International Convention for the High Seas Fisheries of the North 

Pacific Ocean as renegotiated in 1978 and modified in April 1986. 

Objectives of the cooperative program are to determine the effects of 

the incidental take by the Japanese salmon fisheries on marine mammals 

and to find ways to reduce or eliminate the take. Research has been 

conducted to determine population abundance, stock identity, life 

history parameters and levels of incidental take of Dall's porpoise 

which is the predominant species incidentally taken by the salmon 

fisheries. Additional research has been conducted, mainly by Japan, to 

examine methods of reducing entanglements. Information on incidental 

catch of seabirds and levels of chinook salmon catch, as well as the 

occurrence of net debris, has also been obtained. 



2 

FISHERIES OPERATIONS 

There are presently four Japanese fisheries affecting Dall's 

porpoise: a coastal harpoon fishery, a land-based salmon driftnet 

fishery, a high seas mothership salmon driftnet fishery, and a high 

seas squid driftnet fishery. Since 1980, Korean and Taiwanese squid 

driftnet fisheries have also operated within the range of Dall's 

porpoise. Only in the harpoon fishery are Dall's porpoise actively 

hunted. In the remaining fisheries the porpoise are taken accidentally 

during fishing operations. 

The porpoise taken by the harpoon fishery are predominantly 

truei-type (Kasuya, 1978; Miyazaki, 1983). Until 1981, the reported 

annual catch was less than 7,000 Dall's porpoise. Since 1981, the 

catch has been less than 10,000, except in 1982 and 1983 when the catch 

was nearly 13,000. This fishery predominantly harvests the separate 

coastal population (96% of the catch) (Kasuya 1978) and the estimated 

catch of dalli-type porpoise would be about 400. 

Salmon Mothership Fishery 

The high seas rnothership fishery has operated continuously in the 

western North Pacific Ocean and Bering Sea since 1952. It is regulated 

by two international treaties: the International Convention for the 

High Seas Fisheries of the North Pacific Ocean (Japan, Canada and U.S.) 

and the U.S.S.R.-Japan treaty. The fishery expanded rapidly and at the 
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peak of operations included 16 motherships and 460 catcherboats. Since 

1978, the mothership fishery has consisted of four motherships, each 

with six scout boats and 37 catcherboats, for a total of 172 

catcherboats in the fishery (Table 1). 

The total annual fishing effort since 1978 by the mothership 

fishery has ranged from about 2.7 million tans (128,000 km) to 3.1 

million tans (147,000 km) of gillnet (Table 2). The majority of the 

fishing effort (>70%) occurs inside the U.S. EEZ. 

The mothership fishery operates from 1-9 June south of the U.S. 

EEZ between 170° and 175°E (Figure 1). On 10 June the fleet may enter 

the U.S. EEZ. After 25 June, the fleets may operate north of 56°N in 

the central Bering Sea outside the U.S. EEZ. Fishing ends on or before 

31 July, depending on when the salmon quotas set by the U.S.S.R.-Japan 

agreement or marine mammal quotas set by the U.S. are reached. 

The location of the fishing operation of each catcherboat is 

determined by the mothership fishing staff under the direction of the 

Fleet Commander. Nets of each fleet are set in the same compass 

orientation (generally 20° or 200° in the U.S. EEZ), usually at a 

slight angle to the prevailing swell direction. The catcherboats are 

positioned at least 8 km apart in any direction in parallel rows. 

Each boat sets a nPt of 330 tans (approximately 15 km) daily, 

consisting of 121 mm (maximu~ of 40%) and 130 mm stretched mesh 

monofilament net. The net extends from the surface to about 8 m 

depth. The net is usually set in two or three sections loosely 
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connected at the time of setting. One or more radio and/or radar 

beacons as well as light buoys and flags are attached to the section to 

aid in locating the net for retrieval. Nets are set at dusk and 

retrieved at dawn, drifting and fishing for about 9-10 hours. The 

total amount of net set daily by the fishery is 56,760 tans (2,580 km). 

Landbased Salmon Fishery 

The landhased salmon fishery operates south and west of the 

mothership salmon fishery (Figure 1) and uses similar gear (330 tans of 

three different tan lengths with net depth of 8 m). Differences in the 

operation of the landbased fishery include smaller vessel size (60-127 

tons vs 96-127 tons), separation of 6 km between gillnets, mesh size 

over 110 mm stretch mesh, and vessels operating independently rather 

than as part of a fleet. Two distinct vessel classes which are 

separately licensed operate in the landbased fishery from inshore to 

175° longitude, and between 38°N and 46°N latitude. One class consists 

of small (under 10 gross tons) vessels that numbered about 1,200 in 

1962-76 and 671 in 1984. This fishery is not considered further, as it 

has operated entirely west of 153°E (149°E before 1977) and mainly 

impacts a separate Dall's porpoise population. The larger vessel class 

(termed medium size by Japan) consisted of small (under 30 gross tons) 

and larger vessels, but the under 30-ton component ceased operations 

after 1971. The larger vessels increased in number from 58 in 1952 to 

a maximum of 374 in 1972-74, and decreased to 209 in 1978-85. Fishing 
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effort by the landbased fishery from 1978 to 1984 has ranged from about 

2.3 million to 3.4 million tans (104,500 to 154,500 km) annually 

(Table 2). 

Landbased fishing effort has shifted temporally and spatially 

since its initiation. In 1962, effort was evenly distributed in 

May-June-July. Beginning in the early 1970's, about 47% of the effort 

occurred in May, 34% in June and 19% in July (Harris 1978). In 1984, 

effort was distributed: May 36%, June 55%, and July 8%. 

Spatially, effort in 1962 was mainly between longitude 150°E and 

155°E and latitudes 42°N to 44°N. It shifted eastwards and somewhat 

northward by the mid 1970's (Harris 1978). Since the early 1980's 

there has been a shift towards the southwest in fishing effort, however 

80% of the effort remains north of 42°N and between 155°E and 175°E 

(Ignell and Dahlberg, 1985). Thus the fishing effort by the landbased 

salmon fishery has concentrated in the areas closest to the mothership 

fishing area, and well within the distributional range of Dall's 

porpoise. 

Japanese Squid Gillnet Fishery 

The Japanese squid gillnet fishery began in 1978 offshore from 

Japan and expanded into the central North Pacific. A total of 502 

vessels were involved in 1985. Mesh size is 115-120 mm. Each vessel 

sets 450 to 1,100 tans of net (20 to 50 km) per operation (Fisheries 

Agency of Japan, 1985a). The total number of operations for 1985 was 

35,132 (Fisheries Agency of Japan, 1985b). 
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In 1981 the Fisheries Agency of Japan implemented time and area 

restrictions, with the northern boundary varying fllOnthly between 40°N 

and 46°N. The northern boundary was established on the basis of the 

monthly long-term average location of the 15° isotherm to prevent the 

catch of salmonids which occur in cooler waters. The longitudinal 

boundaries are 170°E and 145°W. The fishing season is June through 

December with peak effort in July to September. 

Korean Squid Gillnet Fishery 

The Korean squid high seas gillnet fishery began in 1979 with 14 

vessels, increasing to 105 in 1984. The number of vessels decreased to 

97 in 1985. The area fished is currently between 34°N and 47°N, and 

141°E to 161°W. The season is from April to January. 

The Korean nets are similar to Japanese salmon gillnets with mesh 

sizes of 96 to 115 mm, varying with squid body size over the season 

(Gong, 1985). The average length of nets was about 10 km (200 tans) 

per vessel in 1980 and increased to about 38 km (764 tans) per vessel 

in 1984. Total number of gillnet operations in 1985 was 18,310. This 

is equivalent to 46,385 salmon gillnet operations of the Japanese 

salmon mothership fishery using a net length of 330 tans (15 km). This 

is more than 3 times the current fishing effort by both Japanese salmon 

fisheries annually. 

Information on distribution of fishing effort by the Korean squid 

gillnet fishery is not currently available. Areas of squid catch, 

and presumably fishing effort, have varied over the years (Figure 2 
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fro~ Gong et al. 1985). The area north of 40°N and east of 155°E 

inclurles the range of Dall's porpoise. The incidental take of Dall's 

porpoise in this fishery is unknown. 

Water temperatures in which there were high squid catches were 

15°-l6°C in May to July and 13°-l6°C in August to January (Gong et al., 

1985). Dall's porpoise generally occur in waters less than 17°C. 

Taiwanese Squid Gillnet Fishery 

The Taiwanese squid gillnet fishe~ began in 1980 with 12 vessels 

and expanded to 146 vessels in 1984. Since 1983 the fishery has 

operated between 33°N and 46°N latitude, and from 155°E to 160°W 

longitude (Figure 1). Recently, Taiwan has adopted regulations on 

fishing areas and times that are similar to Japan's regulations, with 

the northern boundary varying by month. West of 170°E, the northern 

boundary is 45°N but in the future may be set south at 39°N. The 

fishery operates from May through December. Each vessel sets about 20 

km of net, with a mesh size of 94 mm. Net depth is 6.5 m. The total 

fishing effort for the Taiwanese squid gillnet fishery in 1984 was 

11,389 operations. This is equivalent to about 15,185 operations of 

the Japanese salmon fisheries which use 15 km of net per operation. 

The incidental take of Dall's porpoise in this fishery is also unknown. 
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Fishing Effort of Squid Fisheries 

An estimate of fishing effort for the Korean and Taiwanese squid 

gill net fisheries within the range of Dall 1 s porpoise was made from 

squid catch per unit effort (CPUE) data since information on the areal 

distribution of effort is not available. The data that were available 

in these fisheries was CPUE per 1° by 1° areas and total fishing effort 

for the season. Data to convert these values to fishing effort by area 

were not available. 

To estimate fishing effort, CPUE values by 1° by 1° area were 

summed. Using total fishing effort (in number of operations) and total 

number of CPUE values, a value for number of operations (or fishing 

effort) per unit of CPUE was determined. The number of CPUE values 

inside the range of Dall 1 s porpoise were then tallied and multiplied by 

the value for the above relationship between number of operations per 

unit of CPUE. The result is an estimate of the number of operations 

within the porpoise's range. That is: 

Total fishing effort 
inside Dall 1 s porpoise 
range 

Total Fishing Effort Gumber of CPU~ 
= Sum of CPUE values values inside 

by 1° x 1° area Dall's range 

Without greater details from these fisheries, the accuracy of this 

estimate cannot be evaluated. The area designated as Dall 1 s porpoise 

range was north of 40°N latitude and between 155°E and 175°W longitude, 

the approximate range of an assumed western North Pacific stock. 
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In 1984, the Taiwanese squid gillnet fishery reported 11,389 fishing 

days or gillnet operations (Anonymous, 1985). Of these, 28% or 3,188 

operations occurred within the designated Dall's porpoise range. Rased 

on an average of 20 km (400 tans) of net per operation, this is 

equivalent to 3,826 gillnet operations using the standard 15 km (330 

tans) net of the Japanese salmon fishery. 

In 1983, the Korean squid gillnet fishery reported 7,560 days of 

fishing (Gong, 1985) of which 23.4% was estimated to be inside the range 

of Dall's porpoise. Therefore, the estimated fishing effort in the range 

of Dall's porpoise is 1,769 operations. Based on an average net length 

of about 27 km, the equivalent fishing effort using the Japanese salmon 

gill nets would be about 3,184 operations in Dall's porpoise range. In 

1985, the total fishing effort was 18,310 operations. Assuming the same 

percentage occurred within the Dall's porpoise range, there were an 

estimated 4,285 sets in which porpoise would be taken. With the 

increased net length of 38 km, this is an estimated 10,855 equivalent 

sets in 1985. 

In 1985, Japan reported 35,132 squid gillnet operations (Komatsu, 

1986). Of these, 15,036 operations or 42.8% of the effort was within the 

Dall's range in the western Pacific. With an average net length of about 

30 km, the equivalent fishing effort by the Japanese salmon gillnets 

would be 30,073 gillnet operations. 

The estimated number of sets within the assumed range of the western 

North Pacific population of Dall's porpoise by all squid gill net 

fisheries standardized to the length of the commercial Japanese salmon 
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gillnets is over 44,750 annually. By comparison since 1977 the 

Japanese salmon mothership and landbased fisheries combined conducted 

about 13,000-18,000 operations annually (Table 1). In combination, the 

potential fishing effort within the range of Dall's porpoise in the 

western Pacific is extremely large. To assess the impact of these 

fisheries on Dall's porpoise, information is needed on the distribution 

and magnitude of fishing effort over the fishing season, and the 

relationship between Dall's porpoise, squid and oceanographic 

conditions, particularly temperature. 

INCIDENTAL TAKE OF DALL'S PORPOISE 

Salmon Mothership Fishery 

Data on incidental take were collected by two U.S. biologists and 

one observer from the Japan Fisheries Agency in each mothership fleet 

since 1981. U.S. biologists begin monitoring incidental take when the 

fleet begins operations inside the U.S. EEZ (usually 10 June) while the 

Japanese observers begin monitoring on the first day of fishing 

operations (usually 1 June). The observations provided an independent 

estimate of the total incidental take by the fishery. 

The monitoring program was based on determination of the number of 

gillnet operations required to be observed to result in statistically 

valid estimates of incidental take. Cochran's (1977) method for 

determining sample size was used, with incidental take data obtained in 

1980 by U.S. observers. Cochran's formula is: 
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where r = relative acceptable error (set at 0.1, therefore the 

values obtained for estimated take rate would be within 

+10% of the true value) 

s 2 = estimated variance of incidental take rate (for 1980 

sample = 1.678) 

x = mean incidental take rate (for 1980 sample, = 0.94 

porpoise per set) 

t = student's t distribution for 90% confidence level 

no= number of observations needed 

When n0 > 0.05N then a finite population correction factor is used: 

A 

no=---~ 
1 + n 0 /N 

where N = total number of gillnet operations (in 1980, N = 9,543). 

On this basis it was determined that monitoring about 6% of the 

gillnet operations would provide adequate information on incidental 

take rates. Thus 12 observers have been used annually to monitor 

incidental take. Total number of sets observed each year has ranged 

from 449 (6.4%) to 486 (6.0%) (Table 3). 

The average incidental take rates obtained by individual observers 

in the EEZ have ranged from Oto 1.4 Dall's porpoise per gillnet 

operation (330 tans) using standard gillnets (Table 4). The mean rate 
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in this area for all observers for the period 1981 to 1985 was 0.47 

(n = 2,377; standard deviation: 0.0232). The take rate fluctuated 

during the interval but did not show a continual downward trend (Figure 

3). The lack of trend may indicate a stable population size, or could 

be the result of movements of animals into the fishing area replacing 

removed individuals. The large variations between years may be related 

to the movements of animals into and out of the fishing area or 

possibly to variations in the areas fished between years. 

South of the U.S. EEZ the mean observed take rate was 0.13 Dall's 

porpoise per gillnet operation (n = 122 gillnet operations)(Table 5). 

The mean observed take rate in the Bering Sea area north of the U.S. 

EEZ was 0.28 (n = 255)(Table 5). 

Salmon Research Vessels 

Data on the incidental take of Dall's porpoise have also been 

collected by ship's personnel, and Japanese and U.S. biologists aboard 

Japanese salmon research vessels in the North Pacific and Bering Sea. 

Prior to 1978, these vessels operated from March to October; currently 

they operate from April to August. There are a number of differences 

between operations by the research and commercial vessels; gillnets 

used by research vessels include about 30 tans of net with various 

mesh sizes (48 to 207 mm); nets are set in different compass 

orientations; nets are shorter, generally about 130 tans (6.5 km); nets 

may be set for shorter time periods; time of operation is April to 
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August compared to June-July for the mothership fleets: and the area of 

operation is more extensive. Therefore results from research vessels 

and commercial vessels are prohably not comparahle. 

Data from the research vessels for the western North Pacific from 

40°N to 53°N latitude and 155°E to 180° longitude were extracted for 

calculation of take rates to compare with data collected by observers 

in the salmon mothership fishery. To obtain take rates that were 

comparable to those of the commercial fishery, the total number of tans 

fished in the designated area were divided by the net length of the 

commercial salmon nets (330 tans). Incidental take rates by the salmon 

research gill nets from 1978 to 1984 ranged from 0.17 Dall's porpoise 

per 330 tans (1981) to 0.36 (1984)(Table 6). The mean rate for the 

period 1981-1984 is 0.30. In each year ohserved take rates in the 

mothership fishery were higher. Part of the difference is probably due 

to the presence of different mesh sizes in the research nets which may 

not catch porpoise at the same rate and to the research vessels 

operating over a larger area, including lower density areas, than the 

mothership fishery. 

Modified Gillnets 

Modified nets were developed to try to reduce the incidental take 

of Dall's porpoise. Since porpoise are capable of emitting acoustic 

pulses, it was assumed that if the acoustic reflectivity of the net 

were increased, the porpoise would be better able to detect the net and 

thereby avoid it. To increase acoustic reflectivity, three hollow 
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strands of monofilament were incorporated along the midline of the net 

at about 4 m depth. In 1984, modified gillnets were required under 

the U.S. Marine Mammal Incirlental Take Permit to he used by 25% of the 

catcherboats in each mothership salmon fleet; in 1985, 50% of the 

catcherboats used modified nets; in 1986, 75% used modified nets. 

Generally one U.S. observer in each fleet monitored modified 

gillnets while the other U.S. and Japanese observers monitored standard 

gillnets. Take rates for modified nets based on the individual 

observer's data ranged from 0.08 to 1.33 (Table 4). The mean for all 

observed sets using modified nets was 0.41 Dall's porpoise per gill net 

operation (n = 236). For the same years the observed take rate for 

standard gillnets was 0.48 (n = 408). There was no statistically 

significant difference detected between the take rates for standard and 

modified gear (Chi-square Goodness of Fit test, p = 0.26). 

Estimation of Incidental Take 

Mothership Fishery 

Total incidental take was estimated based on number of 

entanglements observed by biologists on the catcherboats, number of 

observed gillnet operations, and total fishing effort in each 

mothership fleet. Estimates for each fleet were summed to obtain the 

total estimated take: 

T = L l l 4(t.s.) 
i =l n i 
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where T = total estimated incidental take of Dall's porpoise 

t;= number of entangled Dall's porpoise observed in the ;th 

mothership fleet 

n;= number of gillnet operations observed in the ;th 

mothership fleet 

S;= total number of gillnet operations by the ;th fleet. 

Estimates were not adjusted to account for possible reduction in 

the incidental take due to use of modified gillnets. Sample size for 

observed sets using modified gear was low (n = 236) and there was no 

detectable difference in take rates between standard and modified 

gillnets. If there is a small but undetectable difference in the two 

rates, then a more conservative (higher) estimate of total take is 

obtained when the estimate is uncorrected. 

Estimated annual incidental take by the Japanese salmon mothership 

fishery during the period 1981-1985 in the U.S. EEZ ranged from 1,850 

(1981) to 4,187 (1982) (Table 2). The estimated incidental catch of 

Dall's porpoise outside the U.S. EEZ ranged from 479 to 1,716. 

The daily incidental take of Dall's porpoise is reported from each 

catcherboat to the mothership fleet commander who relays the data to 

the Japan Fisheries Agency and the U.S. marine mammal observer. The 

annual reported take has ranged from 353 (1978) to 2,423 (1985) in the 

U.S. EEZ (Table 2). Reported incidental catch south of the U.S. EEZ 

has ranged from 119 to 206, and in the Bering Sea outside the EEZ from 

27 to 588. 



16 

Landbased Salmon Fishery 

There has been no monitoring by U.S. observers of the incidental 

take by the Japanese landbased salmon fishery. Therefore to provide an 

independent estimate of the incidental take of Dall's porpoise, the 

mean observed take rate (Table 6) obtained in the mothership fishery 

were applied to the landbased fishery for each year. Since more than 

80% of the fishing effort of the landbased fishery is north of 42°N 

latitude, is in regions closest to the mothership fishing area within 

the Dall's porpoise range, and fishing methods and gear are similar, 

this method provides an alternative estimate to reported take by the 

Japanese landbased fishery. 

Estimated annual take of Dall's porpoise by the Japanese landbased 

salmon fishery ranges from 2,966 (1981) to 6,099 (1982) annually (Table 

2). Incidental take reported by Japan for this period (1981-1984) has 

ranged from 696 to 1,641. 

Squid Gillnet Fisheries 

Incidental take by the Japanese squid fishery was reported to be 

2,500 Dall's porpoise in 1982, 2,502 in 1983, 2,515 in 1984 and 2,483 

in 1985 (Komatsu 1986), based on reports by some vessels. Fishing 

effort for these years was 33,085 vessel days in 1982, 32,685 in 1983, 

32,645 in 1984, and 35,132 in 1985. 

There have been few observations of squid gillnet operations in 

the North Pacific. No Dall's porpoise were entangled during 11 

operations in 1982. During 30 operations observed in 1986, 7 Dall's 

porpoise were entangled. The mean incidental take rate during these 
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operations was 0.06 porpoise per 15 km of gillnet. Using the estimated 

squid fishing effort within the Dall's porpoise range, the estimated 

incidental kill in 1985 would be 2,685 porpoise. 

Without data on the distrihution of fishing effort by time period 

and incidental take of Dall's porpoise for all squid fisheries, it is 

not possible to reliahly estimate the total take. Extrapolation of the 

observed incidental take rates of the salmon mothership fishery to the 

extensive area and longer time period of the squid fisheries will 

probably not result in reliable estimates. Even use of the take rates 

of the Japanese salmon research vessels which operate throughout the 

northwestern North Pacific would be questionable since the squid 

fisheries operate over a wider area (to 145°W) and longer time interval 

(May to December) and use substantially more gear per operation. 

Based on the temperatures associated with Dall's porpoise 

sightings, the porpoise occur in waters of less than 18°C and their 

peak abundance is at less than 13°C (Figure 4). Therefore if the squid 

fisheries operate in waters of 15°C or higher, abundance of Dall's 

porpoise may be low. However, given the large amount of effort that 

occurs within the Dall's porpoise geographic range in the western, and 

to a lesser extent the eastern, North Pacific, the possibility of large 

incidental take cannot be ignored. 
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Other Marine Mammal Species 

The majority of marine mammals incidentally taken by the Japanese 

salmon mothership fishery and salmon research vessels are dalli-type of 

Dall's porpoise. Northern fur seals (Callorhinus ursinus) and other 

species are occasionally taken (Table 7). 

Entanglement Process 

The number of Dall's porpoise entangled per gill net operation by 

the Japanese salmon mothership fishery is low, with a maximum of 8 

observed in 1982. Differences between years in the maximum number 

entangled may be related to differences in the distribution of animals, 

in environmental conditions or in behavior of animals. Approximately 

70% of the observed mothership operations each year had no porpoise 

entangled (Table 8). 

Marine mammal biologists on the catcherboats recorded, as 

possible, the location of entangled porpoise in the gillnets. In 

complex entanglements involving ITT.Jltiple layers of net, corkline, or 

lead line, it is difficult to determine the area where the animal first 

made contact with the net. The biologists described and illustrated 

the entanglement, and when possible, indicated whether the initial 

entanglement occurred in the upper, middle, or lower third of the 

gillnet. Horizontal location of entanglements was calculated using the 

time the animal came alongside the vessel during retrieval and the mean 

number of tans retrieved per minute. 
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Dall's porpoise tended to entangle in the upper third of the 

gillnet (Table 9). Up to 82% of the porpoise entangled in this region 

in 1983 in the standard gillnets. The area of fewest entanglements was 

in the bottom third (3 - 10%; Table 9). 

In 1983, observations were also made of entanglements in gillnets 

employing hollow tubing along the center (middle third) of the net. In 

these nets, eleven out of 20 entanglements (55%) also were in the upper 

third of the net and only one (5%) in the bottom third (Table 9). 

These results are somewhat different from those obtained by Japan 

(Kumagi et al., 1982, 1983). In the standard (ordinary) gillnets in 

1981 and 1982, the percentages entangled in the upper and middle thirds 

were about equal (about 45% and up to 48%, respectively). In the 

gillnets with hollow tubing in the middle third, the percentage of 

porpoise entangled in the upper third was greater than in the middle 

third (50 - 56% compared to 35 - 38%). 

There was no difference between the three sections (110 tans each) 

of gill net in the number of Dall's porpoise entangled. Within a 5 km 

section, the entanglement rate for the first and last 500 m were 

compared with those for the remaining 4 km (90 tans). Generally, there 

were higher entanglement rates for the areas near the ends of a net 

section than for the remaining central portion (Table 9). 
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BIOLOGICAL PARAMETERS 

Sampling methods 

In the area south of 49°N, each mothership fleet agreed to return 

up to 10 Oall 's porpoise annually to the mothership for sampling by 

U.S. biologists. In some years, more than 40 porpoise were obtained. 

Within the remaining fishing areas, where possible, all animals 

werereturned. Dissections were performed by U.S. biologists inside the 

U.S. EEZ and by Japanese nationals trained by U.S. biologists in the 

Bering Sea outside the EEZ. The percentage of animals returned has 

varied between areas and years (Table 2). Additional entangled animals 

were reported released alive from gillnets or were lost during the 

retrieval process (Table 2). 

Data collected from each porpoise include date and location of 

gillnet set, body length (to nearest cm), weight (to nearest kg), 

sex, fetus body length, weight and sex, presence of milk, and 

photographs. Samples collected included reproductive organs, mammary 

gland tissue, teeth and whole carcasses. From 1978 to 1980, stomachs 

were collected from all individuals. Since 1980, stomachs were 

collected from a subsample of the porpoise. Heads of adult animals and 

samples of liver, kidney, rruscle, and blood were collected from 1981 to 

1983 for studies on stock identification. Additional specimen material 

has been collected for other studies, including for use by independent 

researchers. The total number of Dall's porpoise taken by the Japanese 

salmon mothership fishery from which specimens were collected since 

1978 is over 6,000. 
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There are several factors related to sampling procedures 

whichcould have resulted in nonrepresentative sampling and which make 

interpretation of the biological data difficult. 

1. Not all porpoise taken are returned to the motherships for 

sampling. Approximately 40% of entangled animals inside the U.S. EEZ 

are returned each year. Lower percentages are returned outside the 

zone. This results in an incomplete and possibly non-random sample. 

2. Each year sampling is limited to the period of 1 June to 

31 July. Therefore only that portion of the biological cycle that 

occurs during this time frame is sampled. Little or no information is 

available on events occurring at other times of the year. 

3. Sampling occurs in a limited portion of the population's 

range. 

Lack of data prior to the initiation of, as well as earlier during, 

the harvest of the population also hampers interpretation of the life 

hi story. 

Taxonomy and General Description 

Dall's porpoise, Phocoenoides dalli True 1885 (Order Cetacea, 

Family Phocoenoidae), is a compact, thickly muscled, short-snouted 

porpoise common to the cold waters of the North Pacific Ocean. Mature 

individuals weigh up to 180 kilograms and may reach a length of 2 m or 

more. They are fast swimmers, often leaving a "rooster tail" of spray 

when surfacing to breathe. 
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Dall 1 s porpoise are black with contrasting white ventral and 

lateral markings; the dorsal fin and tail flukes may be edged with 

white. Four color types exist (Figure 5). The truei-type, formerly 

considered a separate species, is common along the Pacific coast of 

Japan, has black upper parts, a white area extending laterally to the 

flippers and a white throat patch. The dalli-type is more 

cosmopolitan, and also has black upper parts but the white area on the 

sides does not extend far beyond the dorsal fin. The third type, which 

is uncommon, is a solid black form which occurs along the Sanriku coast 

of Japan (Kasuya, 1982) and in the northwestern Pacific (unpublished 

data, National Marine Mammal Laboratory). All gray or all-white 

animals have been observed (Joyce et al., 1982). 

Distribution 

Dall 1 s porpoise are widely distributed across the entire North 

Pacific Ocean (Figure 6). They occur predominantly offshore but may be 

inshore in some areas. In the eastern North Pacific, Dall 1 s porpoise 

have been sighted as far south as 28°N (Leatherwood and Fielding, 

1974). In the central North Pacific, observers have sighted Dall's 

porpoise south to at least 39°N, over 700 miles from land (unpublished 

rlata, National Marine Mammal Laboratory). The southern limit of Dall's 

porpoise distribution coincides with the 17° to 18°C isotherm (Kasuya, 

1982; Kasuya and Jones, 1984). The northern limit is generally Cape 
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Navarin, U.S.S.R. (62°N), however there has heen a sighting of a group 

at 66°N in the Bering Strait, and one individual at 69°N near Cape 

Lisburne, Alaska (Brent Stewart, Hubbs Sea World Research Institute, 

pers. comm.). 

Hall (1979), working in Prince William Sound, Alaska, observed 

that f. dalli were "rarely seen in water less than 10 fathoms deep". 

Unpublished data collected during the Japan-U.S. cooperative research 

program corroborate Hall 1 s findings that Dall 1 s porpoise are found over 

the continental shelf adjacent to the slope and over deep oceanic 

waters (2500+ meters). The only apparent distributional gaps in 

Alaskan waters are Upper Cook Inlet and the shallow eastern flats of 

the Bering Sea. 

As with other species of small cetaceans, Dall's porpoise are 

rarely seen singly. They are most frequently sighted travelling in 

small schools of 2 to 5 animals (Figure 7). While groups of up to 20 

Dall 1 s porpoise are not uncommon, larger aggregations rarely occur. 

Such large groups are not reported to travel in a tightly structured 

school, but rather move in small scattered groups. The largest group 

of Phocoenoides on record was sighted spring 1980, from a U.S. 

fisheries research vessel. An estimated 3,000 (~ 1,000) animals were 

observed moving northward through Stephens Passage in southeastern 

Alaska. 
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Throughout most of the eastern North Pacific, Dall's porpoise are 

present duirng all months of the year (Pike and MacAskie, 1969; Loeb, 

1972). Dall's porpoise exhibit seasonal onshore-offshore movements off 

southern California (Loeb, 1972, Leatherwood and Fielding, 1974). Hall 

(1979) found a decrease in abundance of Phocoenoides in Prince William 

Sound from fall to winter--indicating a movement of a portion of that 

population out of the area. Sighting data collected in the winter of 

1980 in the Gulf of Alaska and Bering Sea indicate relatively fewer 

Phocoenoides when compared to other seasons (NMML unpublished data). 

This may, however, be the result of poor sighting conditions in winter. 

In the western North Pacific, Ohsumi (1975) found that changes in 

incidental catch rates by latitude and month reflect a migration 

northward from early spring until early autumn. Kasuya (1982) 

suggested that the truei-type is a discrete population, occurring in 

the Pacific coastal waters of Japan. This population appears to 

migrate northward in winter (Kasuya, 1982). Sightings collected by 

U.S. observers since 1979 show that the truei-type occurs as far east 

as 180° longitude, and exhibits considerable distributional overlap 

with the dalli-type between Japan and the Aleutian Islands (Kasuya and 

Shi rago, 1985). 

Stock Discreteness 

Kasuya (1982) suggested that there are three populations of Dall's 

porpoise in the western North Pacific and adjacent areas based on 

distributions of color types in sightings and catches. The population 
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in the Sea of Japan and Okhotsk Sea is dalli-type; that off the Sanriku 

coast of Japan is truei-type; and that of the offshore North Pacific 

and Bering Sea is dalli-type. At that time no information was 

available on possible separate populations in this latter area. 

At the 1978 Workshop on the Status of Dall 1 s Porpoise in the North 

Pacific, it was concluded based on sighting and catch data that in the 

population of the offshore North Pacific waters, a separation of 

eastern and western stocks might occur, at about 175°E longitude. 

Subsequent sighting data do not confirm a decline in the density of 

Dall 1 s porpoise which would indicate a boundary in this area. Some 

information was presented at the Workshop 1 that suggested some stock 

separation within the eastern North Pacific, but no confirmation is 

available. 

To address the question of stock discreteness, the following 

comparative studies were conducted: 

1 

1. comparative skeletal morphology and meristics of adult 

animals from the Bering Sea, western and eastern North 

Pacific; 

2. genetic variations using eletrophoretic methodology of 

animals from the Bering Sea and western North Pacific; 

3. parasite abundance and occurrence in animals from the 

Bering Sea and western North Pacific; 

Workshop on the Status of Dall 1 s porpoise in the North Pacific 
Ocean, 9-10 Janua~ 1978, Marine Mammal Division, Northwest and 
Alaska Fisheries Center, NMFS, Seattle, Washington. 
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4. reproductive parameters and cycles of Dall's porpoise from 

the Bering Sea and western North Pacific. 

Morphological studies 

Analysis of skull mophometrics showed size-related differences in 

animals from the three regions (Walker and Hacker, 1986). Overall body 

size in sexually mature animals was largest in the eastern North 

Pacific (central and southern California); the next largest animals 

were from the Bering Sea. Evidence of diagnostic cranial shape-related 

features in animals from the three regions is inconclusive. There were 

no differences in vertebral counts between the three areas. 

Genetic variations 

Tissue samples from 360 animals from the Bering Sea and western 

North Pacific were analyzed electrophoretically to study the pattern of 

genetic variation between areas. Fifty enzyme systems were examined 

and 14 (representing 26 loci) were used for the screening of 

individuals. No allele or genotype frequency differences were found in 

animals from the two areas; however analyses of genotype frequency 

under Har~-Weinberg equilibrium suggested that animals from the Bering 

Sea and western North Pacific should be treated as separate populations 

(Winans and Jones, in prep.). 
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Parasites 

During the 1983 through 1985 field seasons a survey was conducted 

on the frequency of occurrence of two parasites, Phyllobothrium sp. 

(cestoda) and Crassicauda sp. (nematoda). Differences occur between the 

Bering Sea and western North Pacific (U.S. EEZ area) in the presence and 

intensity of infection of both genera of parasites (Walker 1987) 

indicating some degree of stock separation between the two areas. 

Comparison of the two regions using host samples of comparable 

length frequency distribution reveals the following: 

1. Phyllobothrium sp. The frequency of occurrence in porpose from 

the southern U.S. EEZ (49°-52°N) is 21% (1,878 animals 

examined). In the Bering Sea (north of 53°N) the frequency of 

occurrence is 1.4% (437 animals examined). 

2. Crassicauda sp. In the southern U.S. EEZ the overall infection 

rate is 96.1% (752 animals examined). Frequency in the Bering 

Sea is 29.6% (98 animals examined). Intensity of infection of 

individual hosts is also greater in the southern U.S. EEZ 

(Walker 1987). 

Biological parameters 

The reproductive cycles of animals in the Bering Sea and western 

North Pacific are apparently out of phase. No newborn porpoise have 

been collected in the northern area, however up to 59 newborns are 

collected each year in the western North Pacific. In addition, the 

percentage of females in the Bering Sea that are lactating is only 10% 
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(12 out of 117 animals) compared to 46% lactating in the western North 

Pacific (549 out of 1,191). No lactating females are present in the 

Bering Sea sample until mid-July when the majority of females in the 

southern area are already lactating (Figure 8). These results indicate 

that the calving periods in the two areas are out of phase, and 

therefore the breeding cycle must be out of phase. Consequently genetic 

separation is maintained between the Bering Sea and North Pacific 

populations. Mean length of females with one corpora (indicating onset 

of sexual maturity) is higher in the Bering Sea, 182 cm compared to 

177 cm in the western North Pacific, however this difference may be 

affected by the sample size in the Bering Sea (n = 40). 

Composition of the Population 

All age and sex classes occurred in the samples, however, there are 

areal differences in the composition of the population. Within the 

U.S. EEZ, mature females are the dominate group (Table 10), however the 

percentage of sexually mature females oscillates biennually. The cause 

of this fluctuation is unknown. 

Based on data obtained fro~ 1982 to 1984, segregation of age and 

sex classes in the population in the western North Pacific was 

determined (Kasuya and Jones, 1984). Mother-calf pairs are only sighted 

north of 46°N latitude. Oata from the mothership fishery confirm that 

pregnant and lactating females dominate in the northern Pacific area and 

that newborn calves are also common there. This area is probably a 

calving and breeding area for the population. 
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Males are dominate in the area south of the U.S. EEZ. In the 

northern Pacific area where the mothership fishery operates, the 

percentage of mature males in the sample is low, usually about 15% 

compared to up to 53% south of the U.S. EEZ. 

The population south of the U.S. EEZ is mainly juveniles, maturing 

males and females, and mature males. Of the sexually mature females 

present in this area, most (66%; n = 39) have only one ovarian corpus 

(indicating recent maturity); the remainder may be mature females that 

did not breed in the previous season. In the northern area of the 

western Pacific only 17% (n = 1,240) of the mature females have a single 

corpus. 

In the Bering Sea, composition of the population was generally 

similar to that of the population in the western North Pacific. 

However, the proportion of mature females tended to be lower in the 

Bering Sea and the biennial variation in the proportion of sexually 

mature females was absent there. In addition immatures dominated in the 

Bering Sea whereas in the western Pacific the proportion of mature to 

immature animals was similar. 

Reproduction 

The percentage of pregnant and/or lactating females in both the 

western North Pacific and Bering Sea samples is more than 80% (Tables 10 

and 11). In early June nearly all mature females in the sample from the 

southern EEZ are pregnant with large fetuses (minimum size is 63 cm); 
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none are lactating. The onset of calving in the western Pacific is 

about mid-June when the first lactating females appear in the sample. 

Newborn animals usually appear shortly after. By the end of June or 

early July, 50% of these females have calved (Figure 8). Ovulation 

begins in mid to late July, about 40 days after the first lactating 

female is observed (Jones et al. 1985). By early September at least 50% 

of the mature females are pregnant again, while the remainder in the 

sample have recently ovulated, indicating the onset of breeding. From 

this we conclude most females in the population produce one calf 

annually after reaching sexual maturity. 

Additional evidence of the onset of breeding after calving is the 

increase in size of Graafian follicles. In pregnant females the 

follicles are small, less than 3 mm in diameter. Follicle diameters of 

lactating females who have recently calved increase with time through 

the season (Figure 9), indicating that females are preparing to begin 

estrus (Jones et al. 1985). 

Although the length of the lactation period is unknown, it is 

probably short in order for the females to accommodate annual calf 

production. 
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In the Bering Sea, less information is available because of the 

short sampling period (late June to mid-July) and relatively low number 

of specimens obtained. The calving period begins later, about mid-July, 

nearly a month after that in the western North Pacific (Figure 8). No 

information is available on the breeding season, but we predict it would 

begin about late August or early September. 

Sexual maturity 

Length and age at first reproduction were determined using two 

methods: mean values for females with one ovarian corpus and length at 

which 50% of females are mature. The mean length of females with one 

ovarian corpus was 177 cm for females in the western North Pacific area 

of the gillnet fishery (n = 219), 177.3 cm in the southern North Pacific 

area (n = 39) and 182.1 cm (n = 40) north of 53°N. Mean ages of females 

with one ovarian corpus that were pregnant and/or lactating were 4.5 in 

the southern EEZ (n = 130) and 4.4 in the Bering Sea area (n = 21). The 

smallest mature female in the southern EEZ was 157 cm and in the Bering 

Sea 151 cm. The youngest mature female was 2.0 years old. 

Length at first reproduction was also estimated using the length at 

which 50% of the animals are mature. 

(1978-1984) in the EEZ was 173.8 cm. 

The mean for all years combined 

Kasuya (1978) reported a value of 

177.9 cm for females from the northwestern North Pacific collected in 

1967 based on a small sample size (53 females). 

Males are mature at a body length of about 180 cm at about 3.6 to 4 

years of age in the southern EEZ area. 
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Length at Birth 

Newborn porpoises in the U.S. EEZ have ranged in size from 87 to 

123 cm. The mean size is 101.7 cm (n = 111). No neonates have been 

present in the sample from the Bering Sea, probably due to the timing of 

the sampling in relation to a later calving period. 

Average length at birth was estimated to be about 97 cm using a 

linear regression technique (Perrin et al., 1976). Estimates of length 

at birth range from 94.85 (Newby, 1982) to 100 cm (Mizue et al., 1966; 

Kasuya, 1978). 

Gross Annual Reproductive Rate 

The Gross Annual Reproductive Rate (GARR) was calculated for the 

western North Pacific and Bering Sea areas for each year (Tables 10 and 

11). The gross annual reproductive rate is defined as the product of 

the annual birth rate, proportion of females in the population, and the 

proportion of females that are sexually ~ature. Annual birth rate is 

equal to the number of young born to an average sexually mature female 

annually and is the proportion of sexually mature females that are 

pregnant and/or lactating. 

The values for GARR in the mothership fishing area of the western 

North Pacific range from 0.25 to 0.41 (Table 10). There is an apparent 

biennial cycle in the values which is related to the proportion of 

sexually mature females in the sample (Figure 10). Whether this is a 
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sampling bias due to animal movements or some other cause is unknown. 

Values for GARR in the Bering Sea (based on much smaller sample sizes) 

range from 0.17 to 0.29. 

ABUNDANCE ESTIMATION 

Methods 

Estimates of Dall's porpoise density and abundance in the North 

Pacific Ocean and Bering Sea are based upon sighting surveys conducted 

by U.S. observers during the period 1978 to 1984 aboard Japanese salmon 

research vessels and U. S. vessels utilized~ the National Marine 

Mammal Laboratory's (NMML) Platforms of Opportunity Program (POP) 

(Fig. 10). The Japanese salmon research vessels followed systematic 

cruise tracks designed for sampling salmon distribution. U.S. observers 

were placed on these vessels to survey the western Pacific area as much 

as possible and the eastern Pacific when available. In addition, U.S. 

observers were onboard catcherboats in the Japanese sal~on mothership 

fleet during transits to and from the motherships, resulting in a series 

of radial transits. Sightings effort in the Gulf of Alaska was 

conducted from POP vessels, primarily NOAA research vessels. The 

distribution of sighting effort was nonrandom in all areas. U.S. 

observers conducted sighting and effort transects according to 

guidelines developed at NMML (Consiglieri & Bouchet, 1981). 
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During periods when sea and weather conditions were favorable 

(i.e., Beaufort stages Oto 4, with adequate visibility), intensive 

searches for marine mammals were made directly ahead of the vessel, 

and from beam to beam. Sightings were made both by eye and with the 

aid of binoculars. Time, position, and description of the sighting 

were recorded at the time of sighting. When positions were obtained 

for the start and end of an intensive marine mammal watch, the cruise 

track defined an effort leg used in density analyses. All data were 

checked using manual and computer procedures developed for the POP 

program (Consiglieri and Bouchet, 1981). 

Data Analyses 

Sighting data can be analyzed using two basic techniques for 

assessment of population density and abundance: strip transect 

methodology (Estes and Gilbert, 1978), or line transect methodology 

(Burnham et al., 1980). 

The strip transect approach utilizes a density estimate for a 

chosen strip width which is then applied to an area which presumably 

defines the limits of the population. Although the data were analyzed 

using this technique, the results are not presented here due to 

several underlying problems. Among those are low survey coverage 

and bias involving animal attraction to survey vessels. Strip 

transect methods assume that all animals within a designated distance 

either side of the transect line will be sighted. This is not the 
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case for sightings of Dall's porpoise where the frequency of sightings 

declines rapidly with distance. Under these conditions strip methods 

will tend to underestimate population numbers. 

Where sighting distance and angle have been recorded, strip 

methods have been shown to he inefficient compared to line transect 

methods (Burnham et al., 1985). Also if there are any differences in 

detectability of animals due to behavior, weather conditions, or 

different observers, these must be accounted for by correction 

factors. In line transect methods, these differences are not a 

problem as long as the assumption that all animals on the trackline 

are seen is met. 

If animals are attracted to the vessel, then population estimates 

will be too high. If population estimates from strip estimators are 

used, then the effect of missing animals in the strip and attraction 

will be confounded. Because of this interaction, there may be some 

strip width for which the population estimate is close to the true 

value, however this strip width depends on both the true sighting 

curve as well as the amount of attraction, and cannot be determined 

except through use of line transect methods. 

Line transect methodology, therefore, is a more reasonable 

approach for this type of assessment because it does not assume that 

all animals within same strip width will be seen. Minimu8 areal 
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coverage is less critical and choice of strip width is not a 

consideration. Dall's porpoise can be attracted to sighting survey 

vessels, and this still produces bias in the estimates. 

Sighting distance and angle are used to calculate a perpendicular 

di stance from which the "effective wi dth 11 can then be rletermi nerl. The 

"effective width", transect length, mean group size and the number of 

sightings are then used to calculate animal density (Burnham et al. 

1980). 

The range of population estimates was obtained by fitting two 

different probability density functions to the sightings data (Fig. 

11). These two curves were chosen because they represent extreme 

interpretations of the true sighting curve, and because they have 

different degrees of sensitivity to the effect of animal movement. 

The negative exponential estimator fits the data better, but is 

more sensitive to the effects of attraction. The half-normal 

estimator does not offer a good fit to the data, but is relatively 

insensitive to attraction. 

Analysis of data from the experiments conducted in 1982, 1983, 

and 1984 indicate that animals are attracted to the survey vessels, 

and that this attraction will result in an overestimation of 

population abundance (Turnock 1987). Another factor we considered was 

the effect of the inclusion of sighting effort from poor visibility 

conditions, which will result in an underestimation of the true 

population. Thesetwo factors tend to cancel each other out since they 
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have opposite effects on the estimates. Estimation of correction 

factors for movement and visibility bias show that the movement is 

greater than the effect of visibility (Turnock 1987). The corrected 

population estimate presented in Turnock (1987) is less than that 

obtained by using the uncorrected negative exponential estimator and 

more than that obtained by using the half normal estimator. 

Choice of Sub-areas to Consider 

Since the purpose of estimating the abundance of Dall's porpoise 

is to assess the impact of the fisheries on the population, a choice 

must be made as to how large an area to consider. The maximum area 

would be the entire known range of Dall's porpoise if there were a 

single population. 

Evidence of separate populations exists, especially with 

reference to separation of the Bering Sea and the North Pacific Ocean 

stocks, so that sub-area determinations are important. The areas 

included in Figures 12-14 represent possible divisions of the North 

Pacific Dall's porpoise population. 

Population estimates for Dall's porpoise were generated for nine 

sub-areas of the North Pacific Ocean and Bering Sea. International 

treaties define the fishing zones, while the other six sub-areas are 

delimited by land masses, different hydrographic conditions and an 

approximation of the species' range limits (Figures 12-14. See Bouchet 

et.al., 1986 for details). 
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Results 

Estimates for density and abundance of Dall's porpoise based upon 

line transect methodology are presented in Tables 12 and 13. Detailed 

presentation of the analyses can be found in Bouchet, et al. 1986, 

Appendix tables 1-18 and Turnock 1987. For each year between 1978 and 

1984, and for pooled data sets 1978 to 1984 and 1980 to 1984, 

estimates using both the negative exponential model (NEXP) and the 

half-normal model (HNOR) are presented for each of the nine 

sub-areas. Years 1978 and 1979 are excluded from the second pooled 

data set because of possible difficulties among observers in 

determining suitability of sighting conditions and because there was 

no effort onboard catcherboats prior to 1980. Time/area strata where 

the number of Dall's porpoise sighted is less than the minimum 

acceptable sample size for the line transect method (n=30) (Burnham et 

al., 1980) were not included. 

Population estimates for the two areas of key interest, the 

11 1 i mited western-cent ra 1 North Pacific Ocean zone" and the 11 1 i mited 

Bering Sea zone" using data for 1980-1984 were 955,000 and 270,000 

Dall's porpoise respectively using the negative exponential model. 

Similar estimates using the half-normal model were 483,000 and 148,000 

Dall's porpoise respectively. The population estimate corrected for 

attraction and visibility bias using the Fourier Series Model were 

741,072 and 212,000 respectively. 
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For the "limited western-central North Pacific Ocean zone", the 

1980 to 1984 pooled data density estimate was 0.828 animals/nm2 using 

the negative exponential model, 0.419 animals/nm2 using the 

half-normal model, and 0.657 animals/nm2 using the Fouriers Series 

with correction factors. 

In the "limited Bering Sea zone" density estimates from 1980 to 

1984 pooled data were 0.906 animals/nm2 using the negative exponential 

model, 0.497 animals/nm2 using the half-normal model, and 0.711 

animals/nm2 using the Fourier Series with correction factors. 

The effect of reducing the size of the "western-central North 

Pacific Ocean zone" was lower density estimates for years 1978, 1980, 

1981, and 1983. A larger density estimate resulted in 1979, 1982 and 

1984. Results using both the negative exponential and the half-normal 

models were similar. Reducing the size of the "Bering Sea zone" 

increased the density estimate for all years (for both models). 

Discussion 

The determination of a population estimate for Dall's porpoise 

impacted by the fishery is complicated by several factors. At the 

onset, it is unclear whether or not estimates from data pooled over 

years are any more accurate than the estimates from a given year. The 

pooled data estimates could be used if the population were regarded as 

stable from year to year, and if effort were equal between years. 

Regarding population stability, this analysis was not sensitive enough 

to provide such evidence since the wide confidence limits around each 
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estimate masks any potential trends. In addition, the effort between 

years is not equal in sum, nor is it distributed equally over or 

within areas. 

However, pooling data over years yields a weighted mean density. 

Since there is no reason to believe that a given year's data are any 

better than another, and there were no trends observed in density or 

abundance over time, this pooling eliminates some of the annual 

variability. 

A correction factor for animal movement has been estimated based 

on combined ship and aerial data (Turnock 1987). Basically, animal 

movement toward track line results in an overestimation of population 

size. The effect of visibility on estimates was also examined and was 

shown to result in a bias of approximately equal magnitude as that of 

animal movement, but in the opposite direction: i.e., poor visibility 

conditions result in an underestimation of the population size. The 

possibility that observers miss animals on the track line will also 

result in an underestimate of unknown magnitude. 

The best estimate of population size for the limited 

western-central North Pacific Ocean Zone is 741,072 animals/nm2 using 

the Fourier Series and corrections for the attraction of animals and for 

visibility bias. The estimates of the total of all populations of 

Dall's porpoise ranges from 1,444,000 to 2,814,000. The best estimate 

for the limited Bering Sea Zone is 212,000 animals/nm2 with the 

Fourier Series and correction factors. 
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POPULATION ASSESSMENT 

Initial population size estimates were made using the model given 

in Breiwick (1987) for the western North Pacific stock and the Bering 

Sea stock. The current population size estimates were based on the 

198-1984 pooled data. Previously, abundance estimates were made using 

both a negative exponential and half-normal detection model (Bouchet 

et al., 1986). Recently, the more robust Fourier series model was 

used to fit the sighting data and the resulting estimates were 

corrected for both movement and visibility biases (Turnock, 1987). 

The current estimate for the Bering Sea stock is 212,000 animals and 

741,000 animals for the western North Pacific stock. 

Results for the Bering Sea stock, based on a constant kill rate 

of 0.3 porpoise per set, indicate that the current population is 

greater than 90% of the estimated initial population size (for 

maximum net recruitment rates greater than 0.02). If a density 

dependent kill rate is used (1980 kill rate of 0.3 and earlier kill 

rates proportional to the estimated population size) then the ratio of 

current to initial population size decreases very slightly. To test 

the sensitivity of the model to the kill rate a doubling of the 

nominal rate of 0.3 was also considered. These results give ratios of 

current to initial population size greater than 80% (Breiwick, 1987). 
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Results for the western North Pacific stock using a 1980 kill 

rate of 0.5 indicate ratios of current to initial population size 

greater than 75%. Using a density dependent kill rate (nominal 1980 

rate= 0.5) gives ratios only slightly smaller. Doubling the 1980 

kill rate to 1.0 porpoise per set gives ratios of current to initial 

greater than 60% for maximum net recruitment rates greater than 0.02. 

A density dependent kill rate (nominal 1980 rate of 1.0) gives ratios 

greater than 60% if maximum net recruitment rates are greater than 

0.03. Thus, except for a kill rate of 1.0 and maxi~um net recruitment 

rates less than 0.03 for the western North Pacific stock, results 

indicate that both stocks are greater than the maximum net 

productivity level (taken as 60% of the initial population size) 

(Breiwick, 1987). 

• 
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TABLE 1.--Total gillnet operations and number of vessels (sets) for 1952-1985 by area 
and fishery. Mothership data from Fisheries Agency of Japan; land-base data 
from Ohsumi (1981 ms). 

Number of Operations 

Western (Central) Bering Sea 
North Pacific (North of 53°N.) 

Number of Number of 
Year Motherships Catcherboats Mothershipl Landbased Total Mothers hip 

1952 3 57 1395 2668 4063 33 
1953. 3 105 3932 8786 12718 144 
1954 7 205 9704 9476 19180 322 
1955 12 347 20290 14950 35240 893 
1956 14 447 23058 10166 33224 5158 
1957 14 405 14863 10626 25489 5175 
1958 15 432 24834 11086 35920 1210 
1959 16 460 16558 14880 31438 4946 
1960 12 410 14038 15840 29878 5716 
1961 12 410 13023 16620 29643 2110 
1962 11 369 16259 14520 30779 1473 
1963 11 369 12822 16980 29802 5221 
1964 11 369 16289 17580 33869 6497 
1965 11 369 11210 19762 30972 7306 
1966 11 369 11711 16818 28529 4032 
1967 11 369 11094 15616 26710 4760 
1968 11 369 11747 16394 28141 6204 
1969 11 369 1508 16503 28011 7331 
1970 11 369 9955 12988 22943 8315 
1971 11 369 10083 12525 22608 7613 
1972 10 332 8484 13517 22001 9447 
1973 10 332 13653 15087 28740 4075 
1974 10 332 10039 15784 25823 6427 
1975 10 332 11581 15709 27290 5489 
1976 10 332 10874 15590 26464 6735 
1977 6 245 8225 9751 17976 3849 
1978 4 172 6788 8841 15629 1459 
1979 4 172 6973 7545 14518 1507 
1980 4 172 7044 8500 15544 2489 2 

1981 4 172 7262 9243 16505 1533 
1982 4 172 6984 8192 15176 1932 
1983 4 172 6179 8715 14894 2772 
1984 4 172 6569 7858 ,14427 1773 
1985 4 172 5680 6842 12522 1356 

1 Data for 1980-1985 include area south of 52°N east of 170°E and south of 54°N west 
of 170°E; rlata prior to 1980 include all areas south of 53°N. 

2 Data for 1980-1985 include area north of 52°N east of 170°E and north of 54°N west 
of 170°E; data prior to 1980 include area north of 53°N. 
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Table 2.--Incidental take of Dall's porpoise by Japanese salmon gillnet fisheries. 

A. U.S. EEZ by Mothership Fishery 

Reported by Japan Estimated from 
Fish. No. of No. dead 2 Alive Lost Total observer data 

Year effort 1 sets (Percent) (95% Conf. limits) 

1978 1.68 5,091 333 - 20 353 -
1979 2.00 6,060 600 - - 600 -
1980 2.14 6,543 806 - 32 838 -
1981 2.02 6,121 690(61) 158 288 1,136 1,850 (1,493-2,206) 
1982 2.05 6,217 1,284(54) 366 745 2,395 4,187 (3,494-4,881) 
1983 2.05 6,217 1,201(50) 452 746 2,399 2,906 (2,442-3,389) 
1984 1.88 5,694 1,071(50) 479 579 2,129 2,443 (1,971-2,832) 
1985 1.87 5,670 1,091(45) 597 735 2,423 2,760 (1,710-3,517) 
1986 1.52 4,660 857(53) 332 418 1,607 1,456 (1,155-1,798) 

B • All areas by Mothershi p Fi Shery 

Reported by Japan Estimated from 
Fish. No. of No. dead Alive Lost Total observer data 

Year effort 1 sets (Percent) (95% Conf. limits) 

1978 2.72 8,284 353 - 146 499 -
1979 2.80 8,611 622 - 61 683 -
1980 3 .15 9,551 924 - 75 999 -
1981 2.90 8,788 792(58) 200 362 1,354 2,862 (2,100-3,109) 
1982 2.94 8,909 1,594(50) 505 1,090 3,189 5,903 (4,924-6,879) 
1983 2.95 8,967 1,429(48) 574 983 2,986 4,280 (3,562-4,997) 
1984 2.74 8,333 1,304(49) 621 745 2,670 3,355 (2,636-3,973) 
1985 2.31 7,048 1,213(44) 690 844 2,747 3,239 (1,856-4,349) 
1986 1.93 5,857 980(53) 393 484 1,857 1,719 (1,224-2,160) 

C. Landbased fishery 

Fish. Reported by Japan Estimated based on 
Year effort 1 mothership data 

1978 3.37 303 -
1979 3.22 127 -
1980 3.14 139 -
1981 3.23 696 2,936 
1982 2.96 1,691 6,010 
1983 3 .11 1,291 4,429 
1984 2.26 813 3,356 
1985 2.44 781 2,979 
1986 1.44 404 1,358 

1 Effort in millions of tans where 1 tan equals about 50 m length. 
2 The majority of animals in this category are returned to the mothership 

for examination. 
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TABLE 3.--Number of observed gillnet operations in the Japanese salmon 
mothership fishery by area and year. 

Areas 1 

Bering Total No. Fleet Percent 
Year s. of EEZ SEEZ NEEZ Sea Observed Operations Observed 

1980 - 18 - - 18 9,543 0.2 
1981 34 397 5 (6.0%) 26 462 8,987 5.1 
1982 28 394 20 (6.6) 33 475 8,957 5.3 
1983 31 366 55 (6.8) 35 487 9,007 5.4 
1984 30 354 10 (6.6) 92 486 8,173 6.0 
1985 10 366 4 (6.5) 69 449 7,048 6.4 
1986 7 301 1 (6.3) 60 369 5,854 6.3 

1 S. of EEZ = South of U.S. Exclusive Economic Zone to 46°N. latitude. 
SEEZ = Southern U.S. Exclusive Economic Zone to 53°N. 
NEEZ = Northern EEZ, from 53°N to northern border of EEZ. 
Bering Sea = North of U.S. EEZ, from 56°N to northern boundary of 
designated fishing area. 
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Table 4.--0bserved incidental take rates for Dall's porpoise in the Japanese mothership salmon 
fleets in the U.S. Exclusive Economic Zone in 1981-1986. 

1981 1982 1983 

Observer JINYO KIZAN MEIYO NOJIMA JINYO KIZAN MEI YO NOJ IMA JINYO KIZAN MEIYO 

1 0.41 0.33 0.22 0.17 0.95 0.81 0.95 0.41 0.72 0.43 0.41 
2 0.40 0.41 0.28 0.21 0.96 0.83 0.90 0.62 0.26 0.36 0.57 
3 0.44 0.48 0.13 0.29 0.67 o. 76 0.54 0.29 0.47 0.33 0.50 
4 0.25 0.36 0.13 0.29 0.38 0.49 0.79 0.50 0.54 0.38 0.44 

Observed 
Mean 0.38 0.40 0.19 0.24 0.74 0.72 0.80 0.46 0.49 0.37 0.47 

Fleet 1 0.19 0.20 0.17 0.18 0.35 0.37 0.36 0.38 0.38 0.36 0.37 

1984 1985 1986 
Standard nets Standard nets Standard nets 

Observer JINYO K!ZAN MEIYO NOJ IMA JINYO KIZAN MEIYO NOJ IMA JINYO KIZAN MEIYO 

1 0.83 0.33 1.40 0.50 0.89 1.00 0.86 0.67 0.25 0.68 o.oo 
2 - . 0.33 0.50 0.18 0.33 1.00 0.20 0.08 0 0.57 0.33 0.25 
3 0.47 0.50 0.30 0.32 0.83 0.63 0.25 0.56 0.50 0.33 0.83 
4 0.56 0.39 0.37 0.19 0.55 0.58 - 0.50 - -

Observed 
Mean 0,58 0.41 0.42 0.28 0.73 0.57 0.32 0.49 0.44 0.43 0.36 

Fleet 
Mean 0.47 0.47 0.27 0.32 0.63 0.43 0.34 0.41 

Modified nets Modified nets Modified nets 

1 0.14 0,50 0.08 0.18 0.45 0.46 0.06 0 0.00 o.oo 0.55 
2 0.58 0.75 0.30 0.46 0.14 0.60 0.29 0.50 0.36 0.57 0.00 
3 1.33 0.90 0.30 - 0.38 0.71 0.50 0.91 0.50 0.40 0.20 
4 0.33 0.33 0.38 0.30 

Observed 
Mean 0.64 0.54 0.16 0.33 0.35 0.57 0.19 0.50 0.31 0.35 0.29 

Fleet 
Mean 0.43 0.42 0.28 0.30 0.48 0.46 0.28 0.35 

1 Incidental take rates calculated from data reported by Fisheries Agency of Japan to the 
International North Pacific Fisheries Commission. 

NOJIMA 

0.45 
0.63 
0.65 
0.51 

0.56 

0.44 

NOJ IMA 

o.oo 
0.00 
0.22 

0.08 

0.14 
0.33 
0.44 
0.27 

0.29 
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TABLE 5.--0bserved incidental take, number of gillnet sets and take 
rates (number of porpoise per 330 tans of gillnet) of Dall's 
porpoise by the Japanese salmon mothership fishery outside 
the U.S. Exclusive Economic Zone (EEZ), 1981-1985. 

No. taken No. of sets Take rate 

A. South of U.S. EEZ 

1981 1 24 0.04 
1982 9 28 0.32 
1983 2 30 0.07 
1984 3 30 0 .10 
1985 0 10 0 
1986 1 7 0 .14 

Total 16 129 0.12 

R. North of U.S. EEZ 

1981 4 25 0.16 
1982 16 34 0.47 
1983 14 35 0.40 
1984 20 92 0.22 
1985 18 69 0.26 
1986 15 60 0.25 

Total 87 315 0.28 
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TABLE 6.--Incidental take rates of Dall's porpoise by the Japanese 
salmon mothership fishery and research vessels. Reported 
data from the Japan Fisheries Agency. 

Mothershie Fi she rt Research vessels 1 

Observed Reported Reported 

1978 0.06 0.24 
1979 0.08 0.18 
1980 0.10 0.23 
1981 0.30 0.19 0.17 
1982 0.68 0.37 0.37 
1983 0.47 0.39 0.30 
1984 0.42 o. 37 0.36 

Mean 1981-1984 0.47 0.30 

1 Data for the area of 155°E to 180° and 40°N to 520°N. 



55 

Table 7.--Incidental take of marine mammls other than the dalli-type of 
Dall's porpoise during Japanese salmon research and 
commercial gillnet operations, 1978-1985. Data collected by 
U.S. biologists for approximately 6-7% of the total gillnet 
operations. 

Dall's porpoise: 
Black type 
Truei -type 

Harbor porpoise 
Northern right 

whale ciolphin 
Pacific white sided 

dolphin 
Common dolphin 
Unidentified cetacean 
Northern sea lions 
Northern fur seal 
Unidentified pinniped 

1978 1979 1980 1981 1982 1983 1984 1985 1986 

2 1 
1 2 5 
1 4 4 

3 

1 

4 13 16 

1 
3 3 
2 

3 

1 

1 
12 8 

1 

2 

3 

1 
1 

1 
6 
3 

2 

7 



56 

TABLE 8. Frequency of numbers of Dall's porpoise entangled per gillnet set 
in the U.S. Exclusive Economic Zone, 1981-1986. Data collected 
by marine mammal observers onboard catcherboats of the Japanese 
salmon mothership driftnet fishery in the western North Pacific. 

Date 
Number of eoreoise eer observed set Total fishing 

Year 0 1 2 3 4 5 6 7 8 sets ended 

1981 310 71 14 4 0 1 0 0 0 400 26 July 

1982 251 104 31 14 7 2 2 0 1 412 30 July 

1983 274 105 30 6 4 1 0 0 0 419 28 July 

1984 250 82 24 9 0 0 0 0 0 365 26 July 

1985 248 82 32 3 3 2 0 0 0 370 30 July 

1986 226 61 11 4 0 0 0 0 0 302 16 July 
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Table 9.--Distribution of Dall 1 s porpoise in Japanese salmon gill nets in the North 
Pacific Ocean, 1981-1983. Data collected by U.S. biologists on salmon 
catcherboats. 

A. Vertical distribution - numbers and (percentage) of animals 

a. Standard gillnets 

Net DeQth (in thirds) 
Year Upper Middle Lower 

1981 70(64) 29( 26) 11(10) 
1982 41(71) 13( 2 2) 4( 7) 
1983 -1.§.( 82) _i(15) _JJ3) 

TOTAL 139(69) 47(23) 16(8) 

b. Modified gi 11 nets 

1983 11 ( 55) 8(40) 1(5) 

B. Horizontal Distribution: Start and End categories are within about 500 m of a 
net end. Remainder equals central 90 tans (4.0 km). Number entangled and 
(percentage). 

Sections of Net 

1 2 3 

Start End Remainder Start End Remainder Start End Remainder Total 

1981 6(7) 7(8) 12(14) 3(4) 9( 11) 24(29) 1(1) 7(8) 15(18) 84 
1982 6(4) 8(6) 29(21) 6(4) 6(4) 31 ( 22) 7(5) 13(9) 34(24) 140 

Mean 
number 
per tan .60 . 7 5 .23 .45 • 75 .31 .40 1.0 .27 
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TABLE 10. --Gross Annual Reproductive Rate (GARR) of Dall's porpoise in the western 
North Pacific Ocean, 1978-1984. 

A. Reproductive Condition of Females 

1978 1979 1980 1981 1982 1983 1984 
No. % No. % No. % No. % No. % No. % No. % 

Sexually mature 91 47 225 58 297 67 215 55 200 68 103 45 170 64 
Pregnant only 70 77 195 87 119 40 81 38 64 32 40 39 68 40 
Lactating 4 4 7 3 157 53 112 52 122 61 57 55 90 53 
Pregnant and 13 14 20 9 6 2 16 7 4 2 3 3 10 6 
lactating 

Resting 4 4 3 1 15 5 6 3 10 5 3 3 2 1 

Total sample 349 609 701 619 490 402 411 
Total females 192 55 387 64 445 64 390 63 296 60 228 57 265 65 

8. Gross Annual Reproductive Rate 

1978 1979 1980 1981 1982 1983 1984 

a. Annual birth rate 0.96 0.99 0.95 0.97 0.95 0.97 0.99 
b. Proportion female 0.55 0.64 0.63 0.63 0.60 0.57 0.65 
c. Proportion of 0.47 0.58 0.67 0.55 0.68 0.45 0.64 

females sexually 
mature 

GARR (axbxc) 0.25 0.36 0.40 0.34 0.39 0.25 0.41 
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TABLE 11.--Gross Annual Reproductive Rate (GARR) of Dall's porpoise in the 
Bering Sea north of 56°N latitude, 1980-1984. 

A. Reproductive Condition of Females 

1980 1981 1982 1983 1984 
No. % No. % No. % No. % No. % 

Sexually mature 14 41 18 58 39 48 22 30 24 30 
P·regnant only 9 64 14 78 33 85 20 91 20 83 
Lactating 2 14 2 11 4 10 1 5 3 13 
Pregnant and 
lactating 2 14 0 1 3 1 5 0 

Resting 1 7 2 11 1 3 0 1 4 

Total sample 63 56 148 131 125 
Total females 34 54 31 55 81 55 74 57 81 65 

B. Gross Annua 1 Reproductive Rate 

1980 1981 1982 1983 1984 

a. Annua 1 birth rate 0.93 0.89 0.97 1.00 0.96 
b. Proportion female 0.54 0.55 0.55 0.57 0.65 
c. Proportion of 0.41 0.58 0.48 0.30 0.30 

females sexually 
mature 

GARR (axbxc) 0.21 0.29 0.25 0.17 0.18 



Table 12.--Su1111111ry of line transect estimates of Dall's porpoise density 1978 to 1984 (animals/rt1 2 ). See Fig. 8-10. 

Fishing Areas Only 

SERING SEA 
FISHING ZONE FISHING ZONE 

YEAR NEXP HNOR NEXP HNOR 

1978 - - - -
1979 - - .834 .485 

1980 1.984 ,869 - -
1981 .972 .571 - -
1982 .483 ,220 - -
1983 .846 .420 - -
1984 ,583 .296 ,345 .203 

1978 to 84 .735 .356 .524 ,309 

1980 to 84 .776 ,386 .460 .270 

NEXP • Negative Exponential Est1mator 
HNOR • Half-normal Estimator 

- • No estimate 

LANO BASED 
FISHING ZONE 
NEXP HNOR 

.879 ,515 

- -
.785 ,354 

- -
2.278 1,350 

- -
1.244 .739 

1.109 .593 

1.293 .673 

Extended Areas L1m1ted Areas 

WESTERN-CENTRAL 
BERING SEA NORTH PACIFIC GULF OF EASTERN NORTH BERING SEA 
(EXTENOEO) (EXTENDED) ALASKA PACIFIC (LIMITED) 
NEXP HNOR NEXP HNOR NEXP HNOR NEXP HNOR NEXP HNOR 

.204 .132 .354 .199 .308 .143 - - ,576 .375 

.406 .221 .571 .302 - - - - ,635 .350 

.971 .487 1.390 .658 .758 .367 - - 1.058 .545 

.932 .455 .866 .438 .926 .551 - - 1.077 .511 

.959 .555 ,708 .354 .867 .596 - - .995 .576 

.596 .351 .897 .456 ,610 .291 - - .944 .559 

.477 .286 .839 .472 - - - - .522 .312 

.524 .288 .752 .372 .630 .303 .458 ,234 ,802 .448 

.754 ,413 .884 .451 .704 .352 .472 .241 .906 ,497 

WESTERN-CENTRAL 
NORTH PACIFIC 

(LIMITED) 
NEXP HNOR 

.350 .193 

.727 .393 

.268 .453 

.790 ,404 

.766 ,377 

.857 .430 

.880 .501 

.682 .331 

.828 .419 

O'l 
0 



Table 13.--Sull'lllary of 11ne transect est1mates of Dall's porpo1se aundance 1978 to 1984 (in thousands) 

BERING SEA 
FISHING ZONE FISHING ZONE 

YEAR NEXP HNOR NEXP HNOR 

1978 - - - -
1979 - - 38 22 

1980 231 101 - -
1981 113 66 - -
1982 56 26 - -
1983 98 49 - -
1984 68 39 16 9 

1978 to 84 86 41 24 14 

1980 to 84 90 45 21 12 

NEXP • Negative Exponential Estimator 
HN~ • H1lf-nornial Estimator 

- • No estimate 

LAND BASED 
FISHING ZONE 
NEXP HNOR 

166 976 

- -
149 67 

- -
431 256 

- -
236 140 

210 112 

245 127 

WESTERN-CENTRAL 
BERING SEA NORTH PACIFIC GULF OF EASTERN NORTH 
(EXTENDED) (EXTENDED) ALASKA PACIFIC 
NEXP HNOR NEXP HNOR NEXP HNOR NEXP HNOR 

106 68 488 274 259 121 - -
211 115 788 417 - - - -
505 253 1918 908 638 309 - -
484 236 1195 605 779 463 - -
498 288 976 488 729 501 - -
310 183 1237 629 513 245 - -
248 148 1157 651 - - - -
272 150 1037 513 530 255 592 302 

392 215 1219 622 593 296 610 311 

BERING SEA 
(LIMITED) 

NEXP HNOR 

172 112 

189 104 

315 162 

321 152 

296 171 

281 167 

155 93 

239 134 

270 148 

WESTERN-CENTRAL 
NORTH PAC IF IC 

(LIMITED) 
NEXP HNOR 

403 222 

838 453 

1232 522 

911 466 

833 434 

988 495 

1014 578 

786 382 

955 483 

O'l 
........ 
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TABLE 14.--Population size (1980-1984) based on two sighting distance models 
for Dall's porpoise in the Bering Sea and Western-Central North 
Pacific. Numbers in parentheses are the means (from Rouchet et 
al., 1986 ms). 

Western-Central 
North Pacific 

Half -Norma 1 
Negative 
Exponential 

483,000 955,000 

(719,000) 

Bering Sea 
(North of 53°N.) 

Ha 1f -Norma 1 
Negative 
Exponent i a 1 

148,000 270,000 

(209,000) 
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with respect to temperature in the North Pacific. 

Figure 5: Three color types of Dall's porpoise: Upper: dalli-color type; 
Middle: black color type; Lower: truei-color type. 

Figure 6: Distribution of Dall's porpoise. Dalli-color type occurs in areas 
of stripes and light dots; truei-color type in the darker dotted 
area. 

Figure 7: Frequency of sightings of Dall's porpoise in the North Pacific by 
group size, 1958-1979. 

Figure 8: Reproductive cycle of Dall's porpoise in the western North Pacific 
Ocean in the U.S. Exclusive Economic Zone and in the Bering Sea, 
no rt h of 5 6 ° N • 

Figure 9: Diameters of graafian follicles in lactating Dall's porpoise in 
the western North Pacific Ocean, 1981-1984. 

Figure 10: Gross annual reproductive rate of Dall's porpoise in the western 
North Pacific Ocean, 1979-1984. 

Figure 11: Sighting effort, 1978-1984. 

Figure 12: Typical sightings distrihution of Dall's porpoise with two 
different probability density functions. 

Figures 13-15: Subareas used for population estimation of Dall's porpoise. 
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Figure 3. Mean catch rates of Dall's porpoise in the 
western North Pacific Ocean, 1981-1985 
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Figure 4: Distribution of Dall's porpoise sightings and sighting effort with 
respect to temperature. 
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_, Figure 5.--Three color types of Dall's porpoise. 

Upper: dalli-type 
Middle: black type 
Lower: truei-type 
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Figure 6.--Distribution of Da 11 's porpoise. 
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l1eavy dotted area is area of truci-type. 
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REPRODUCTIVE CYCLE OF DALL'S PORPOISE 
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Figur& 8.--Reproductive cycle of Dall 1 s porpoise in the western 
North Pacific Ocean in the U.S. Exclusive Economic Zone 
and in the Bering Sea, north of 56°N. 



DIAMETERS OF GRAAFIAN FOLLICLES IN LACTATING DALL'S PORPOISE 
IN THE WESTERN NORTH PACIFIC OCEAN, 1981 · 1984 
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Figure 9. ·- Diameters of graafian follicles in lactating Dall's porpoise in the 
western North Pacific Ocean, 1981-1984. 
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GROSS ANNUAL REPRODUCTIVE RATE OF DALL'S PORPOISE 
IN THE WESTERN NORTH PACIFIC OCEAN, 1979-1984 
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Figure 10~- Gross annual reproductive rate of Dall's porpoise 
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Figure ll.-...S1ght1ng effort, 1978-1984. 
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Figure 13.-Subareds used for population estimation. a. "Limited 
Bering Sea zone", b. "Limited western-central North Pac1f1c 
Ocean zone". 
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Ffgure 14.-Subareas used for population estimation. a. "fishing 
zone", h. "Bering Sea fishing zone", c. "land-based 
fishing zone. 
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Figure 15.-Subareas used for population estimation. a. "Extended 
Ber1 ng Sea zone", b. "Extended western-central North 
Pacific Ocean zone", c. "Gulf of Alaska zone", d. "Eastern 
North Pacific Ocean zone". 
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