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INTRODUCTION 

Studies of the incidental take of marine mammals in the gillnets 

of the Japanese high seas salmon mothership fishery were initiated during 

the 1978 salmon fishing season under the auspices of the International 

Convention for the High Seas Fisheries of the North Pacific Ocean, as 

renegotiated in 1978 (hereafter called the Convention). Objectives 

of the three y_ear cooperative Japan-U.S. research program are to 

determine the effects of the incidental take by the salmon mothership 

fishery on marine mammals and to work to reduce or eliminate the 

incidental catch of marine mammals in the fishery. The project 

included collection of marine mammal sighting data aboard Japanese 

salmon research vessels and U.S. Platforms of Opportunity Program 

vessels for determination of distribution, movements and abundance 

of Dall's porpoise; collection of biological samples and information 

from all incidentally taken Dall's porpoise (Phocoenoides dalli) 

returned to the Japanese salmon motherships; and cooperative studies 

of behavior and entanglement, aboard a vessel chartered by the Fisheries 

Agency of Japan dedicated to Dall's porpoise research, related to 

developing means to reduce mortality. 

This report summarizes results of the cooperative research 

program and provides a preliminary evaluation of the impact of the 

salmon fisheries on marine mammal populations in the northwestern 

Pacific Ocean and Bering Sea. 

Taxonomy and General Description 

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

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



2 

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

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

more (Department of Commerce, 1977). The tail area, just anterior to the 

flukes (caudal peduncle), is heavily keeled. Teeth are spade-shaped and 

homodont. Dall's porpoise are fast swimmers, often leaving a "rooster tail" 

of spray when surfacing to breathe. They usually travel in small, scattered 

groups of five or less although groups of 100 or more have been observed. 

Dall's porpoise are black with contrasting white ventral and lateral 

markings; the dorsal fin and tail flukes may be edged with white. Three 

color phases of R_. dalli exist (Figure 1). One, formerly called R_. truei 

species, is common along the Pacific coast of Japan, has black upper 

parts and a white area extending laterally to the flippers and a 

white throat patch. The other, called 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, 1976) and in the northwestern Pacific (unpublished 

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

are observed rarely. 

Stock Identity 

Based upon color variations, Kasuya (l 976) ident if led three western 

North Pacific stocks. 

(a) Pacific coast of Japan - mostly truei type but with some mixing 

with the dalli type. 

(b) Western Bering Sea and offshore waters of northwestern North 

Pacific - dalli type (southwestern range overlaps the 

Japanese east coast stock). 
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(c) Sea of Japan and Okhotsk Sea - dalli type. 

A Dall's porpoise workshop! concluded that, in the Bering Sea and near 

the Aleutian Islands, a separation between eastern and western North Pacific 

stocks might occur at about 175° E~ longitude. This conclusion was based 

on data from salmon research vessels summarized by Ohsumi (1975) for the 

period 1962-1971 and for 1975-1977 [in Workshop document DP-2, (Sano, 

unpublished ms)] which showed that incidental catches of porpoise have 

historically been quite small in the area 175° E to 180°. Fredin, et al. 

(1977) indicated that, during this period, salmon gillnet effort was shifting 

eastward into this area and toward the INPFC Abstention line (175°W.) and, 

presumably, so was research effort. Consequently, small incidental catches 

in the area 175° E. - 180° would reflect a decreasing cline of abundance 

of Dall's porpoise rather than decreasing research effort (Department of 

State, 1978) 

1 Workshop on the Status of Dall's Porpoise in the North Pacific 
Ocean, 9-10 January 1978~ Marine Mammal Division~ Northwest 
and Alaska Fisheries Center, NMFS, Seattle. 



4 

DISTRIBUTION 

The Dall's porpoise (Phocoenoides dalli) is widely distributed 

across the entire North Pacific (Figure 2). It occurs both inshore, 

in protected waters, as well as offshore. In the eastern North 

Pacific, Dall's porpoise have been sighted as far south as 28°N 

(Leatherwood and Fielding, 1974). In the western Pacific, they are 

as far south as 35°N (Kasuya, 1976). In the central North Pacific, 

observers have sighted Dall's porpoise south to at least 39°N, over 

700 miles from land (unpublished data, National Marine Mammal 

Laboratory). The southern limit of Dall's porpoise distribution 

coincides with the 17°C isotherm (Kasuya, 1976). At the other 

extreme Dall's porpoise have been seen as far north as 66°N in the Bering 

Sea. 

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

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

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

program corroborate Hall's findings - Dall's porpoise are found over 

the continental shelf adjacent to the slope and over deep oceanic waters 

(250o+ 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,!• dalli are rarely 

seen singly. They are most frequently sighted travelling in small 

schools of 2 to 5 animals (Figure 3). While groups of up to 20 Dall's 
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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 a well spread-out fashion. The largest 

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

fisheries research vessel. An estimated 3000 (~ 1000) animals were 

observed moving northward through Stephens Passage in southeastern Alaska. 

Migration and Seasonal Movements 

In the eastern North Pacific, Dall's porpoise exhibit seasonal onshore

offshore movements (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. Throughout most of the eastern North Pacific, Dall's porpoise are 

present during all months of the year (Pike and MacAskie, 1969; Loeb, 1972). 

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

in winter. 

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

incidental catch rates by latitude and by month reflect a migration northward 

from early spring until early autumn. Kasuya (1976) suggested that the truei

type of Phocoenoides dalli is a discrete population, occuring in the Pacific 

coastal waters of Japan. This population, along with another limited 

to the Sea of Japan and Okhotsk Sea, appear to migrate northward, the former 

in winter and the latter in summer (Kasuya, 1976). Kasuya (1976) stated that 

east of 170°E, the truei type does not occur. Sightings collected by 

U.S. observers from 1979 - 1980 show that truei occur as far east as 180° 
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longitude and exhibit considerable distributional overlap with the dalli 

type between Japan and the Aleutian Islands (Figure 2). Mixed schools of 

truei and dalli types have been observed (Miyazaki et al, in prep). 

There is no evidence to date of migration of Phocoenoides in the 

offshore areas of the central and eastern North Pacific. However, three 

years of observations in the central area indicate that as the subarctic 

gyre moves northward during the summer months, Dall's porpoise move northward 

and are replaced in the southern region by warm water species such as the 

white sided dolphin, Lagenorhynchus obliquidens, northern right whale dolphin, 

Lissodelphis borealis, and the common dolphin, Delphinus delphis. 

THE FISHERY 

There are presently three Japanese fisheries affecting Dall's porpoise: 

a coastal harpoon fishery, a land based salmon gillnet fishery, and a high 

seas mothership salmon gillnet fishery. Only the harpoon fishery actively 

hunts Dall's porpoise. In the remaining two fisheries the porpoise are 

taken accidentally in the fishery operations. 

The porpoise taken by the harpoon fishery are predominantly the truei

type (Kasuya 1978). In a sample examined in March 1979, at Otsuchi, Japan, the 

main port for the fishery, 20 of 22 (91%) porpoise brought in were truei-type, 

the remainder, dalli-type. Kasuya (1978) noted that the catch is biased 

towards smaller size classes and suggested this is due to behavioral 

( 
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di£ ferences between age groups. The harpoon fishery catch is 6,000 

Dall's porpoise annually, taken predominately from the population 

off the east coast of Japan (Kasuya 1978). Since this fishery 

harvests the separate coastal population, the take is not considered. 

further. 

The incidental take by the land-bas~d and mothership salmon fisheries 

have been reported annually by the Fisheries Agency of Japan since 1978 

under mandate of the International Convention for the High Seas Fisheries 

Resources of the North Pacific Ocean. Table 1 lists the marine mammal 

incidental take reported for these fisheries for 1978-1980. 

The Japanese land-based fishery reported 303 porpoise caught in 

1978, 127 in 1979, and 139 in 1980 (Table 1). The porpoise reported are 

Dall's porpoise without classification by type. Based on distributional 

data, the take probably includes both truei-and dalli-types. The catch 

rates for porpoise were 0.09 per 1000 tans in 1978 (0.03 per commercial 

gillnet set of 330 tans), and 0.04 per 1000 tans (0.01 per gillnet set) in 

1979. Effort data are not yet available for 1980, therefore catch rates 

can not be calculated. 

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

Fishery Conservation Zone (FCZ) between 170° and 175°E (Figure 4). 

On 10 June the fleet enters the FCZ. After 25 June, the fleets may 

move north to 56°N in the central Bering Sea. Fishing ends on or 

before 31 July. 

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

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

the fishery. Each boat sets a net of 330 tans (16.5 km) daily, consisting 
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of 121 mm (40%) and 130 mm (60%) stretch mesh monofilament net. The net 

extends from the surface to 6-8 m depth. The net is set in three 

sections loosely connected at the time of set. One or more radio 

beacons are attached, as well as light buoys and flags, to aid in 

locating the net for retrieval. The nets are set at dusk and 

retrieved at dawn, drifting and fishing for 9 to 12 hours. The 

total amount of net set daily by the fishery is approximately 57,000 

tans (2,800 km). 

The location of the fishing operation of each catcherboat is 

determined by the mothership Fleet Commander. Nets of each fleet 

are set in the same compass orientation, usually at a slight angle to 

the prevailing swell direction. The catcherboats are positioned at 

least 9.3 km apart, in parallel rows. 

The incidental take by the mothership fishery for 1978-1980 as 

reported by the Fisheries Agency of Japan is listed in Table 1. The 

take ranged from 499 in 1978 to 999 in 1980. The majority of porpoises 

were taken inside the FCZ (71-88%). The take was primarily the 

dalli-type porpoise with less than 1% truei-type, and an occasional 

black variant. Harbor porpoise and northern fur seals were report;ed 

in low numbers (Table 1). The salmon species caught were sockeye 

(Oncorhynchus nerka), pink (.2_.gorbuscha), chum (Q. keta), coho (Q. kisutch, 

and chinook (.2_. tshawytscha). 

The total fishing effort by the mothership fleet ranged from 2.8 

million tans (136,000 km) to 3.1 million tans (157,000 km) (Table 

1). The majority of the fishing effort ()70%) occurred inside the FCZ. 

( 
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ABUNDANCE 

Sighting surveys were conducted during 1978, 1979 and 1980 onboard 

research vessels of the Government of Japan and United States Platforms 

of Opportunity Program for the purpose of estimating the abundance 

of Dall's porpoise in the North Pacific and Bering Sea portions of its 

range. No abundance estimates are available for the population in the 

Sea of Japan and Okhotsk Sea, considered to be a separate population 

(Kasuya 1978), nor for the portion of the population in the northeastern 

Pacific south of 40°N. 

A complete discussion of data collection methods, analyses and 

limitations of the analyses is in Bouchet (1981). Briefly, the analyses 

involved defining three strata within which surveys were undertaken - the 

Bering Sea, west-central Pacific and Gulf of Alaska - and for which separate 

estimates were made. An estimate was also made for a fourth stratum 

representing the unsurveyed portion of the Dall's porpoise range in the 

eastern North Pacific and assuming densities similar to adjacent strata. 

All sightings of Phocoenoides were included in the analysis without 

distinguishing porpoise types. 

Analysis of the 1978 and 1979 survey using strip transect (Estes and 

Gilbert 1978) and line transect (Burnham et al. 1980) methodologies 

resulted in estimates of abundance that ranged from 840,000 to 2,300,000 

porpoise (Table 2). The point estimates and the 95% confidence intervals 

for the three strata hy year are presented in Figure 5. The biases of 

these analyses include inaccurate angle and distance measurement, and 

movement of the animals towards the vessel prior to sighting. These 

biases in the data would result in overestimates. Accounting for 

these biases results in a conservative estimate of Dall's porpoise 

abundance of 580,000 animals. 
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BIOLOGICAL ANALYSIS 

Sampling methods 

Under Item 4A of the Memoranduum of Understanding (MOU), attached 

to the Convention, to obtain adequate specimen material for biological 

studies, Japanese nationals and fishing vessels conducting salmon 

fishery operations within the FCZ were to make every effort to return 

to the motherships, where feasible, all Dall's porpoise captured 

incidentally by gillnets. Accurate records were to be kept of the 

number of porpoises captured but not returned to the mothership and 

of the circumstances preventing their return. 

A U.S. marine mammal biologist was placed aboard each mothership 

upon entry into the FCZ to collect biological samples. Dates when 

U.S. bologists were aboard each mothership are listed in Table 3. 

During 1978, the time aboard individual motherships varied from 9 to 14 

days. This short interval was due in part to confusion cqncerning the 

conditions under which the U.S. biologists were to be aboard the 

motherships. As a result of these procedural problems, the 1978 sampling 

was incomplete. In 1979 and 1980, however, procedures were implemented 

to ensure U.S. biologists were aboard during all fishing activity in the 

FCZ. 

Some biological samples were collected by Japanese nationals from 

Dall's porpoise taken outside the FCZ in the Bering Sea. Additionally, in 

both 1979 and 1980, 10 to 12 Dall's porpoise collected prior to 10 June 

outside the FCZ were frozen aboard each mothership for dissection by U.S. 

marine mammal biologists after their arrival to the mothership. 
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All porpoise returned to the mothership were weighed, measured, sexed, 

and the date and location of capture were noted. Teeth, reproductive organs, 

parasites and stomachs were collected and mammaries were examined. If a fetus 

was present, it was sexed, weighed and measured. Photographs were taken of 

all animals. ·A sample of porpoise were frozen whole and shipped to the 

National Marine Mammal Laboratory (NMML) for dissection. Skeletal material 

is being prepared for morphometric studies of possible stock differences. 

There are several factors related to sampling procedures which have 

resulted in bias of unknown magnitude in the data and which make inter

pretation of the biological data difficult. 

1. Not all porpoise taken were returned to the motherships 

for sampling and due to a misunderstanding of the MOU by the Japanese fishermen, 

the number not returned is probably high (unpublished report, Fisheries Agency 

of Japan). This results in an incomplete and probably non-random sample. 

Therefore, it is not known whether the sample is representative of the 

population, and as a consequence, whether the estimates of the life history 

parameters are accurate. 

2. Sampling is limited to the period of 1 June to 31 July 

each year. Therefore only that portion of the biological cycle that 

occurs during this time frame is sampled. No information is available 

on events occurring at other times of the year or on long-term events, 

such as calving interval. 

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

range and, samples were not consistently collected in the 

northern Bering Sea area outside the FCZ. If the population is segregated by 

age, sex or other category, and the data suggest this may be happening, some 

segments of the population will be missed. This will bias estimates of 
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the biological parameters, particularly age and reproductive. 

Lack of data previous to the initiation of harvest of the population 

also hampers interpretation of the life history. These biases should be 

kept in mind when interpreting the biological data and results. 

The distribution of the incidental take in 1978 and 1979 is shown 

in Figures 6-9. In the 1978 data, it can be seen that the pregnant 

females were caught mainly in the southern part of the fishing area. Less 

than 3% of the pregnant females for which capture location was known were 

taken north of 52°N. In 1979, there was a negative correlation between 

the distribution of sexually mature males and pregnant females (rd= -0.59), 

a slight negative correlation between immature and pregnant female 

distribution (rd= -0.22) and a slight positive correlation between 

immature female and male distribution (rd= +0.22) (Rank Difference 

Coefficient Test), indicating that pregnant females may have some 

tendency to segregate. If pregnant females are concentrated in, while 

other age and/or sex classes are absent from, the fishing area at 

this time of year, the pregnancy rate and gross annual reproduction 

rates will be overestimated. 

The composition, grouped by sex and maturity, of the Dall's porpoise 

sample is given in Table 4. The predominant group is immature males and 

females, comprising approximately 53% of the 1978-1979 samples. Mature 

males accounted for 13% of the total sample ( 244 out of 1,887). Maturity 

of males was based on the body length (ca 180 cm) at which there was a 

sudden increase in testis weight. Female sexual maturity was based on 

the presence of one or more corpus in the 1978 and 1979 sample. Examination 
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of gonad samples collected in 1980 is not yet completed. Therefore, 

the estimated number of mature females in the 1980 sample is based on 

length at sexual maturity determined from the mean length of primiparous 

females in the 1978-79 samples. 

Figures 10 shows the length distribution of animals examined in 

1978 and 1979. The mean body length was approximately 171 cm. Animals 

smaller than 145 cm in body length were uncommon in the sample. This may 

be the result of sampling bias, segregation of these animals, or a 

seasonal calving period and growth rate such that calves born in the 

previous year are larger than 145 cm at the time of sampling. Age data 

suggest the latter is the case. 

Age Determination 

Age determinations were made from counts of cementum growth layers 

in teeth. The number of growth layers is assumed to correspond to the 

age of the individual, with one layer produced per year subsequent to the 

neonatal layer (Kasuya, 1978). The number of growth layers ranged from 

0 to 20 in the females, with a mean of 4.9 (N=276). The majority 

(approximately 90%) of females were less than 10 years old. The mean 

age of 154 males was 4.3 (range 0-22). Approximately 90% of the males 

were less than 9 years old. 

Approximately 64% (276 females, 154 males) of the available teeth 

collected in 1978-1979 were aged. The remainder were not aged 

due to difficulties in accurately determining the numbers of layers in 

the tooth preparations. Although the mean body lengths of aged and 

unaged animals were not significantly different (t-test, p).05), 
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some bias towards younger ages may exist due to 1) teeth of older 

animals being worn down or missing, 2) difficulty in counting layers 

in older animals, or 3) lack of annual layer production in older 

animals. Because of the difficulties in obtaining accurate age data, 

the development of the ageing methods is continuing. 

Calving Period 

The calving period begins in the fishing area during the fishing 

season. Fetuses taken in the sample are near term, with a narrow size 

range (63-115 cm). Neonates first are found in the sample in late June (the 

earliest on 22 June 1980) and continue to be present until the end of 

the fishing season at the end of July. The maximum number of newborns 

(21) was taken the week of 22-28 July 1980. Concurrently, fetal numbers 

decreased (Table 5). Based on these data, the calving season appears to begin in 

mid to late June. Its conclusion is unknown but based on the decreasing 

numbers of fetuses in the sample may not extend much beyond mid-August. 

This estimate of the calving period agrees with previous estimates. 

Mizue et al (1966) reported 19 newborns taken by the mothership 

fishery between 30 May and 30 June 1964 with an increase in the number 

taken per day beginning on 23. June. Kasuya (1978) stated that the 

parttirition peak is in late July or early August in the northwestern 

Pacific population; however, he estimated that the Japanese coastal 

population of Dall's porpoise calved somewhat later, from August to 

September. 

The closely related harbor porpoise (Phocoena phocoena), in the 

western North Atlantic is also reported to calve from June to early 
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September. Fisher and Harrison (1970) reported that the calving peak 

is late June and early July near Passamaquddy Bay. 

Breeding Period 

The breeding period is unknown and due to the short sampling period 

would be difficult to determine. A seasonal breeding pattern is suggested 

by the narrow size range (63-115 cm) of the fetuses collected. Kasuya (1978) 

and Mizue et al. (1966) predict the breeding season to be August-September 

for Dall's porpoise in the northwestern North Pacific and Bering Sea as 

well as in the Sea of Japan and Sanriku coast. Morejohn (1979) however 

predicts that breeding probably occurs year round along the western 

North American coast. 

Gestation Period 

Due to the short sampling period and the uniformity in fetal size in 

the sample, the gestation period cannot be determined from data collected 

during this project. Kasuya (1978) estimated a gestation period of 11.4 

months based on fetal growth determination. 

Estimates of the gestation period of Phocoena phocoena range from 8-10 months 

(Slijper 1962), to 11 months in both the western North Atlantic (Fisher 

and Harrison 1970) and the North Sea (van Utrecht 1978). For purposes of 

this report, a gestation period of 11.4 months has been assumed. 

Lactation Period 

The length of the lactation period could not be determined from the 

data due to the short sampling period and the low numbers of lactating 

females in the sample (N=22). 
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Length at Birth 

The length of 55 neonates collected from 1978 to 1980 ranged from 88 

to 121 cm. The mean was 99.0 cm. Fetal length ranged from 63 to 115 

cm, with a mean of 90 cm (N=l61). A linear regression line based on 3 cm 

groupings of fetal and neonatal lengths was used to determine an average 

length at birth of about 100 cm (Figure 11). The 1980 data used in this 

estimate were collected from 22 June when the first neonate was obtained 

to 31 July and included 66 fetus and 38 neonates. This estimate 

agrees closely with the calculated mean length of neonates and with Kasuya's 

(1978) estimate of a mean body length at birth of 100 cm. 

Male Sexual Maturity 

Testis weight in both the 1978 and 1979 samples increased dramatically 

at a body length of about 180 cm (Figure 12). There was a sharp distinction 

in testis length between age groups (Figure 13). Animals 5 years or older 

had testes which were approximately twice the length of animals 5 years and 

younger. Based .on these results, age at sexual maturity is estimated to be 

5 years, at a length of 180 cm. On this basis, approximately 13% of the 

sample was comprised of sexually mature males. 

Kasuya (1978) stated the length at sexual maturity was 189 cm in males 

from the northwestern Pacific and Bering Sea porpoises, and is 195. 7 cm in 

males from the Japanese Pacific coast. He believed the former was an 

underestimate due to sampling bias. This may be a factor in the present 

study as well since there is a low percentage of mature males in the sample. 
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Female Sexual Maturity 

Female sexual maturity was determined by the presence of one or more 

corpora lutea or corpora albicantia in the ovaries. Ovaries from a total 

of 579 females collected in 1978 and 1979 were cut in transverse sections 

and examined using a dissecting microscope. The smallest female with 

ovarian scars was 160 cm in length; this animal had four corpora. The 

number of corpora per sexually mature female averaged four, with a range 

of O - 20. Few females had more than nine corpora (Figure 14). 

In the 1978 sample, 47% (91 of 192) of the females were sexually mature; 

in 1979, 58% (225 of 387) (Table 4). There was a significant difference in 

the proportion mature between the two years (Chi Square Test, p <.OS), and 

therefore, data were not combined for analyses. Examination of ovaries 

collected in 1980 has not yet been completed. A rough approximation of 

the percent mature females in this sample was made counting all females 

172 cm or greater in length, the mean length at sexual maturity of females 

in the 1978-1979 samples. On this basis an estimated 72% were mature. 

The percentages of the mature females in the total sample are listed in 

Table 4 and ranged from 26 to 47%. 

The age of first birth (based on pregnant females with a single corpus) 

ranged from 3 to 8, with a mean of 4.5 (N=lS) in 1978 and 5.1 (N=33) in 

1979. 

The apparent pregnancy rate(= number pregnant/number mature females) 

was 0.91 (83 out of 91) in 1978 and 0.96 (215 of 225) in 1979. This is a 

high pregnancy rate, suggesting an annual reproductive cycle. However, if 

there is segregation of the population seasonally or by reproductive condition, 

this estimate of the pregnancy rate would be biased upward. 
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Of the pregnant females, approximately 21% (63 out of 298) were 

pregnant for the first time, determined by the presence of a single 

corpus. This suggests low survival in older females, a rapidly growing 

population or a sampling bias towards younger females. 

Table 6 lists the female reproductive data and the calculated Gross 

Annual Reproductive Rate (GARR) for 1978 and i979. The 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 gross annual reproductive rate is the product of 

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

proportion of sexually mature females in the sample. 

The GARR is 0.25 to 0.36 for 1978 and 1979, respectively. The rate 

was not ,calculated for 1980 because the number of sexually mature females 

will not be known until ovarian examination is completed. 

The GARR is hlgher than the rates calculated for porpoise in the 

eastern tropical Pacific Ocean. The rates for Stenella attenuata range 

from 0.06 to 0.20 and for Stenella longirbstris, from 0.05 to 0.11 

(Henderson et al. 1979). The high GARR of Dall's porpoise may be due to 

sample bias, to over-representation of the pregnant females resulting from 

segregation or may indicate an annual reproductive cycle. 

The high proportion of pregnant females and low proportion of 

lactating females in the sample are indications that Dall's porpoise 

may reproduce annually. However, the possibility that sampling biases 

discussed previously may have affected the data cannot be eliminated. 
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Comparison with data collected from 107 Dall's porpoise by A. 

Takemura aboard a mothership 23 May to 9 July 1967 (Kasuya 1978), shows 

similarities to the results obtained in 1978-79. The population was young, 

most less than 7 years old, with a high percentage of immature females 

(62% of females). The estimated age of sexual maturity was similar (4-5 years), 

although Kasuya (1978) feels it is an underestimate. The pregnancy rate was 

high (100%) and most females had only one corpus. It should be noted that 

these data were collected during the mothership operations, at the same 

time of year and in approximately the same location as the samples collected 

by the current cooperative research program. Therefore, similar biases may 

affect these data. 

Comparisons of life history characteristics with the harbor porpoise 

show similarities between the two species. Phocoena phocoena, a closely related 

species of the family Phocoenidae, is also a boreal-temperate zone species, 

occurring in the North Pacific, North Atlantic, White Sea and Barents Sea, 

but is a more coastal species than Phocoenoides. Both species have a high 

metabolic rate, with captive Phocoena consuming 10% of their body weight 

per day (Kanwisher and Sudnes 1965) and Phocoenoides, 9-11% per day (Ridgway 

1966; Walker 1975). Both species also have high parasite loads (Arnold 

and Gaskin 1970; G. Conlogue, pers. comm; W. A. Walker pers. comm) with two 

parasite genera in common (Halocercus and Campula). Given the close taxonomic 

relationship and similarities of biology, comparison of life history parameters 

is useful. 

Phocoena males in the North Sea become sexually mature after the fourth 

tooth layer while females with six or more tooth layers are all mature (van 

Utrecht 1978). In the western North Atlantic, four year old males and females 

are sexually mature and individuals 13 years or older are rare (Gaskin and 
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Blair 1977). There was a high percentage (54%) of immatures in samples 

examined by Fisher and Harrison (1970) and van Utrecht (1978). Mohl-Hansen 

(1954) reported a high pregnancy rate (84%) with 93 out of 111 sexually 

mature females (based on weight at sexual maturity) pregnant. 

Based on the analysis of the data, it appears that Dall's porpoise 

is characterized by a short life span (less than 10-13 years generally), 

an early age of reproduction (4-5 years in males and females), a high 

reproductive rate (90% or more of the mature females pregnant), and an 

annual reproductive cycle with calving occurring from late June to at 

least late July. The similarity of the present data and those obtained in 

1964, after eleven years of intensive fishing effort with high levels of 

estimated incidental take, indicates that the porpoise population has apparently 

existed as characterized for some time. Taking the data at face value, 

this life history pattern could be symptomatic of a population responding 

to sustained large removals. 

ESTIMATES OF INCIDENTAL TAKE 

Dall's porpoise 

Mizue and Yoshida (1965) estimated an annual incidental take of 10,000 

Dall's porpoise in 1964 based on the number of animals reported by one 

mothership fleet, extrapolated to all eleven motherships. Since reporting 

of the take was on a volunteer basis (Mizue pers. comm.), the authors 

estimated an equal amount might have been unreported by the catcherboats, 

resulting in an estimate of up to 20,000 porpoise. The number of tans 

fished in 1964 was 7.5 million tans. The estimated incidental take rate 

therefore was 1.33 to 2.66 per 1,000 tans (0.44-0.88 per set of 330 tans). 
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Unpublished data collected in 1965 from nine mothership scout boats 

were presented at the 1978 Workshop on the Status of Dall's Porpoise in the 

North Pacific (_Mizue, unpublished ms.). The scout boats averaged 53 porpoise 

per boat during the season, or approximately 1 porpoise per gill net set. 

The estimate for the 369 boat fleet therefore was 19,600 porpoise. Additional 

estimates of the-incidental take were presented at the Workshop and these 

ranged from 2,230 to 20,000 per year. 

Ohsumi (1975) reported on the incidental take of marine mammals in 

salmon research nets from 1962 to 1971. The annual average rate of capture 

remained more or less constant ranging from 0.37 to 0.66 porpoise per 1,000 

tans (0.12-0.22 per set). In the northwestern Pacific Ocean, four areas 

(between 40° to 50°N and between 170°E to 180°) of high incidental take by 

the research vessels were in or adjacent to the present mothership fishing 

area. The rates in these areas were 0.81 to 0.92 per 1,000 tans (0.27 to 

0.30 per set). 

Annual incidental take rates for salmon research vessels were calculated 

for the years (1972-1980), subsequent to Ohsumi's (1975) study, using data 

provided to the International North Pacific Fishery Commission (INPFC) 

by the Japan Fisheries Agency (Table 7). With the exception of 1976 and 

1980, the rates were approximately within the range reported by Ohsumi (1975). 

Ohsumi. (1975) concluded on the basis of the constancy of the incidental 

take rate of the research vessels there was no evidence of a decline in 

porpoise density. The conclusion of participants of the 1978 Workshop on 

the Status of Dall's porpoise in the North Pacific was that the incidental 

take rate for research gillnet operations might not be an adequate index of 

abundance during that period. In addition, changes in the study areas and 

the kind and length of research nets used during this time may have led to 
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biases in the rates. The take rates of the research vessels are lower 

than those based on the commercial incidental take data of Mizue and Yoshida 

(1965). Differences in the take rates may be related to the following 

differences between the commercial and research operations. 

1. The research vessels use shorter gillnets, usually 60 to 150 

tans (3-7.5 km) in length. 

2. The research nets consist of approximately 100 tans of commercial 

mesh sizes plus 30 tans of research mesh sizes (up to 10 sizes). 

The number of tans used of each mesh size varies between boats and 

years. 

3. The research vessels operate in more isolated areas compared to 

the catcherboats which operate in areas of concentrated fishing 

activity. In the commercial operations~ boats are as close as 

5 nm and the close proximity of nets may affect the number of 

animals taken. 

4. The commercial boats operate in the most productive areas where prey 

and predators may be more abundant, hence a higher take level of 

porpoise may result. 

Mothership fishery 

Under the Memorandum of Understanding, the Japanese salmon mothership 

fleets operating within the U.S. Fishery Conservation Zone (FCZ) are to make 

every effort to return to the motherships all incidentally captured Dall's 

porpoise. In addition, accurate records are to be kept of the number of Dall's 

porpoise incidentally taken but not returned to the mothership. 

The total numbers of incidentally taken Dall's porpoise reported by 

the Government of Japan for the mothership fishery were 499 in 1978, the 
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first year of the cooperative study, were 682 in 1979, and 999 in 1980 

(Table 1). The mean number of porpoise per set (330 tans) in the three years 

ranged from 0.06 to 0.10. The reported numbers include animals not returned 

to the motherships. Information on the number alive and released is not 

recorded. 

During the 1980 fishing season, U.S. marine mammal biologists 

independently obtained data on the levels of incidental take of marine mammals 

during commercial operations. The observations were..made aboard a Japanese 

vessel dedicated to marine mammal research and aboard salmon catcherboats 

from all four mothership fleets. The incidental take levels observed by U.S. 

scientists during these operations were significantly higher than those reported 

concurrently aboard the Japanese motherships. 

The dedicated vessel, Hoyo Maru No. 81, conducted the following ten 

fishing operations with the mothership fleets: 

Date Mothership Areas of Operation 

June 8-11 Nojima Maru 49° to 51 °15'N; 170°53' to 

June 12-14 Jinyo Maru 51°N; 173°E (no operations 
13 June due to weather) 

June 15-17 Kizan Maru 50°N: 172°27' to 173°53'E 

June 18 Meiyo Maru so0 N; 172°45'E 

172°E 

on 

The position and orientation of the net for each of these fishing 

operations were determined by the Fleet Commander of the mothership with 

which the dedicated vessel was operating that day. Deployment and retrieval 

methods were similar to those of the commercial fleet. The gillnet was also 

similar, composed of 300 tans (15 km) of 121 and 130 mm stretch mesh net, 

10 min depth. However, research net consisting of 3 tans each of ten 
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different mesh sizes (45 to 157 mm mesh) was incorporated in the center 

section of the net. 

A total incidental take by the dedicated research vessel for those ten sets 

was 26 Dall's porpoise or 2.6 porpoise per set (7.9 per 1000 tans). This 

includes 4 animals that dropped out of the nets during retrieval and 5 which 

were alive and released. The number of porpoise entangled per set ranged from 

0 to 9. The total number of Dall's porpoise reported by the associated mother

ship fleet for these same 10 sets (37 catcherboats per fleet, a total of 370 

sets) was 33. The mean number per set was 0.089 (0.27 per 1,000 tans). Thus 

the incidental take rate reported by these catcherboats was significantly lower 

than that observed by scientists aboard the dedicated research vessel. 

U. s. marine mammal biologists also boarded salmon catcherboats 

of the mothership fleets for a total of 18 gillnet operations, as follows: 

No j ima Maru : June 16, 23; July 1, 23 
Jinyo Maru: June 23; July 2, 5, 25 
Kizan Maru: June ~l, 27; July 19, 23, 26 
Meiyo Maru: June 21; July 19, 21, 23, 25 

The observed incidental take of Dall's porpoise for these 18 gillnet sets was 

17 or 0.94 per set (2.9 per 1000 tans). The number per set ranged from 0 

to 5. The number reported by the remaining 36 catcherboats in the associated 

fleet during these 18 trips was 89 in a total of 648 sets (the incidental 

take of scout boats is not included in these analyses because these data are 

not presently available for all fleets). The mean number per set was 0.14. 

(0.42 per 1000 tans). The daily incidental take in the associated mothership 

fleet (37 catcherboats) ranged from Oto 14 on these 18 days. The incidental 

take rate reported by the catcherhoats was again significantly lower than that 

observed by U.S. biologists. 

The results from the dedicated vessel studies were compared with those 
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from the 18 catcherboat operations observed by U .s. biologists. A significant 

difference occurred in the mean numbers of porpoise per set from these two 

samples (p < 0.05, 16 df). Preliminary examination of data has not revealed 

differences in sampling conditions which would account for the higher rate 

of the dedicated vessel. 

Data collected aboard the catcherboats by U .s. biologists in June (n=6) 

were compared with those collected in July (n=12) to de'termine whether a seasonal 

change in incidental take levels occurred which would account for the difference 

in results between the dedicated vessel (which operated in June) and the 18 

catcherboats. No significant difference was found in the mean number of 

porpoise per set in June and July. Since there was no seasonal difference in 

the rate, other factors apparently brought about the difference in results 

between the dedicated vessel and these catcherboats, but the data are 

insufficient to identify these factors. 

Because the catcherboat data resulted from direct observations of 

the commercial operations, data fr.om this source were used to estimate 

incidental take. The total incidental take by the mothership fishery for 

the 1980 season was estimated using the observed rate of 0.94 porpoise 

per set. A take rate based on the combined data from the catcherboats 

and dedicated vessel was not used because there were significant 

unexplainable differences in the results obtained from these two sources. 

Data were not used from the dedicated vessel because it was a single 

non-commercial vessel and there may have been differences in the operations 

which affected the results. 

There were a total of 9,543 gillnet sets by the fishery. The estimated 

take based on a rate of O. 94 per set is 8,970 Dall's porpoise (Table 8). 
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Data on areal distribution of effort are not yet available for 1980 

and the effort inside the FCZ was estimated using information obtained 

aboard the motherships by U.S. biologists. Based on an estimated 

20 days of operations outside the FCZ (10 days in early June south of 

the FCZ and 10 days in July in the northern Bering Sea), approximately 3,234 

porpoise would be take~ outside the FCZ, the remaining 5,736 inside the 

FCZ. Using the dedicated vessel rate for comparison (2.6 per set) gave a 

total take in 1980 of 24,800 (Table 8). The numbers include animals 

which would be taken alive and released as well as those which would 

drop out of the net during retrieval and be lost. 

Applying a uniform rate of incidental take over the entire fishing 

area and season may not be an appropriate method for estimating the 

total incidental take for 1980. It should also be noted that less 

than 1% of the 1980 gillnet operations were observed and this is 

probably an inadequate sample size for prediction of the total incidental 

take. 

In addition, bias occurred in the data collected aboard the catcherboats 

due to non-random selection of the boats for observation. In seven of the 

eighteen cases (39%), at the time of their boarding the U.S. biologist 

selected catcherboats with the highest reported incidental take for the season. 

This selection could have biased the estimate upward. Recall, however, that 

the incidental take rate of the dedicated vessel (2.6 porpoise per set) was 

substantially higher than that observed aboard these catcherboats (0.94 per 

set). 
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Based on data collected in 1964, Mizue and Yoshida (1966) estimated 

the Dall's porpoise take to be 10-20,000 per year. Using the fishing 

effort and current estimated take rate (0.94 porpoise per set), the 

estimated take for 1964 is 21,417. Although there have been changes in 

the fishing gear and area of fishery operations since 1952, the closeness 

of the two independent estimates suggests a rate of 1 porpoise per set of 

330 tans may be more realistic than the lower commercial rates reported. 

Northern fur seals 

Under the MOU, incidental take of northern fur seal (Callorhinus 

ursinus), is reported by the mothership fishery and the salmon research 

vessels. The mothership fishery reported a total of nine fur seals for the 

interval from 1978 to 1980. During this same period, the research vessels 

reported 37 fur seals, resulting in an incidental take of 0.32 per 1000 tans 

or 0.1 per commercial set. No fur seal entanglements were observed by U.S. 

biologists aboard salmon catcherboats or the dedicated vessel. 

Data were collected on the size of mesh involved in fur seal entanglements 

during research cruises in 1979 and 1980. Of the 24 observed entanglements, 

about 70% were in the mesh sizes 179 and 204 mm, which are considerably 

larger than mesh sizes used in the commercial fisheries (110-114 mm in land-based, 

121 and 130 mm in mothership). Therefore, extrapolation of the take to the 

commercial operations is difficult. Observations of commercial operations are 

needed to resolve the question of incidental take levels of northern fur seals. 

Land-based fishery 

Under the MOU, the number of Dall's porpoise taken by 2° x 5° INPFC 

statistical area and by 10 day period are to be provided by the land-based salmon 
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fishery. No information is available on the proportion of truei and dalli-types 

in the take. Based on distributional data, it is predicted that the dalli-

type would predominate in the take. 

The incidental take and fishing effort of the land-based salmon fishery 

are listed by year in Table 1. Effort data are not available for 1980. A 

total of 569 Dall's porpoise were reported taken from 1978-1980, with over 

half of these (303) taken in 1978. The incidental catch rate for the two years 

in which effort data were available are 0.09 and 0.04 per 1000 tans 

(0.03 and 0.01 per set). 

Although the fishing effort has been similar in the land-based and 

mothership fisheries, the reported incidental take by the former has been 

quite low. The take and effort of the land-based fishery in 1978 was 

concentrated in the area adjacent to and south of the mothership fishery 

(between 42° and 46°N, and 165° to 175°E). Therefore, similar take levels 

in the fisheries would not seem unlikely. Since there has been no independent 

observations of the land-based fishery operations, the differences in the 

incidental take levels cannot be explained. If there was reporting inaccuracy 

as in the mothership fishery, then the take may be higher - similar to the 

mothership fishery. 

Biological data and samples are not collected from porpoise taken by the 

land-based fishery. Some collection is desirable to determine whether mother

ship and land-based fisheries affect the same population of Dall's porpoise. 

FOOD HABITS 

Food habits were studied to determine the relationship between the 

salmon fishery and Dall's porpoise. A total of 457 Dall's porpoise stomachs, 

collected and frozen during the 1978 and 1979 fishing seasons, has been 
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analyzed to determine the food habits of Dall's porpoise in the fishing area. 

The sample collected in 1978 consisted of 185 stomachs. From the 1979 fishing 

season, 272 stomachs were analyzed for volumes and weights, and a subsample of 

87 stomachs was selected for more detailed comparison with the 1978 sample. 

The subsample was selected to correspond to the 1978 samples in the dates 

and areas of collection, porpoise sex, body size, and reproductive status. 

However sample sizes per age and sex classes were too low for adequate comparison 

be tween years. 

All stomachs examined (N=272) had at least a trace of food present. The 

observed fullness of each stomach chamber was recorded on a percentage scale 

ranging from a trace (less than 50cc = 0%) to fully distended (100% full). 

The average fullness of all stomachs based on this visual observational scale 

was 47%, or roughly half of full capacity. Volume of stomach content was 

taken by water displacement. 

Whole specimens of fish were collected from the porpoise stomachs (N=79) 

to determine prey size. A total of 374 fish specimens was preserved 

in alcohol and measured. The lengths ranged from 20-480 mm with a mean 

of 86 mm, and a modal size range of 60-70 mm (Figure 15). All specimens were 
' 

partially digested, roughly 85-90% complete, thus the measured lengths are 

smaller than the actual body length. It is not known at this point 

whether the prey size represented by this sample is the optimum prey size range 

or the most abundant size in the study area. 

The piscivorous feeding habits of Dall's porpoise were determined from 

the otoliths (sagittae) removed from all stomachs examined. A total of 

152,691 otoliths was collected from 457 Dall's porpoise stomachs. A total 
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of 29 species of epi- and meso-pelagic fishes was identified and enumerated 

(Table 9). Of these, 25 had not been previously noted as Dall's porpoise 

prey. The most common fish species were Protomyctophum thompsoni, Diaphus 

.!!:!_eta and Steonbrachius sp. There is no evidence of predation on salmon by 

Dall's porpoise in the fishing area. 

Many of the fish species preyed upon by Dall's porpoise exhibit diurnal 

vertical migrations. These fish concentrate in the upper waters during hours 

of low light, and disperse to deeper waters during daylight hours. This 

' 
nightly concentration facilitates prey accessibility to a variety of predators, 

including Dall's porpoise. 

Squid were found to be the major volumetric constitutent in the stomachs 

of Dall's porpoise. This may be due to more rapid digestion of the soft-body 

fish. The majority of the squid belong to the family Gonatidae. Euphausiids 

occurred in roughly 4% of the stomachs, but not in significant volumes. 

For comparison with Dall's porpoise food habits, a study was conducted 

on pacific salmon (Oncorhynchus ~.). Thirty-nine salmon stomachs, including 

samples from all five species taken by the mothership fishery, were analyzed. 

Salmon generally fed on herbivorous zooplankton near the surface while Dall's 

porpoise fed on squid and fish predators of these zooplanktors, probably at 

greater depths. The diet overlap between the porpoise and salmon involved 

fish of the family Myctophidae (lantern fishes), squid, and euphausiids (Figure 

16). The body length of prey consumed by salmon is generally smaller (size 

range 10-150 mm) than that consumed by Dall's porpoise (20-480 mm). The range 

of prey size overlaps between salmon and Dall's porpoise at the 30-110 mm range. 
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PARASITES 

Dall's porpoise are infected by numerous species of parasites and the 

abundance is frequently high (W. A. Walker, pers. comm.). Organs and 

and tissues commonly infected are the air sinuses, lungs, liver, blubber in 

the genital area, mammary glands and pancreas. The encysted cestode parasite, 

Phyllobothrium sp., common in the blubber of Dall's porpoise examined along the 

coastal northeast Pacific, has not been observed in the blubber of animals 

taken in the gillnets of the northwestern Pacific (W. A. Walker, pers. comm.). 

Whether this absence relates to stock separation within the species or 

other factors is yet unknown. 

STUDIES RELATED TO REDUCTION OF INCIDENTAL TAKE 

Several studies were conducted to investigate possible ways to reduce 

the incidental take of marine mammals in the salmon gillnets. These studies 

concentrated on the process of entanglement, porpoise behavior in relation 

to the nets, gear characteristics and acoustic capabilities of Dall's porpoise. 

Entanglement of Marine Mammals 

Direct determination of the factors involved in entanglement of marine 

mammals in the drift gillnets is difficult and has been hampered by several 

factors. 

1. The nets are deployed primarily during darkness. Therefore, 

observations cannot be made of marine mammal behavior in conjunction with the 

fishing activity. 

2. Until 1980, there had been essentially no observation of the commercial 
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fishing operations. Information on the environmental (including biological) 

conditions during the fishing activity was unavailable. 

3. Until 1980, very few observations of entanglements had been possible 

since research vessels had been the observation platform. The number of 

animals entangled aboard the salmon research vessels was low, usually 1 or 2 

animals per 5-6 week cruise. 

Observations of the behavior of northern fur seals (Callorhinus ursinus) 

indicate that fur seals exploit the fishing operations, feeding on the netted 

salmon. The fur seals are commonly observed sliding over the corkline of the 

net during retrieval operations and have been seen laying in the net as it 

spreads on the water surface just prior to being lifted aboard the vessel. 

One fur seal was momentarily caught in this region of the net but freed itself 

and swam out of the net (W. A. Walker, pers. comm). 

Entanglement of northern fur seals is apparently related to their feeding 

activity. Entanglement is uncommon, perhaps due to the agility of the animals 

near the net. 

Like the fur seals, northern sea lions (Eumetopias jubatus) also feed on 

salmon caught in the nets. Entanglement of this species has not been observed. 

Its large size may be a factor since its weight could allow it to tear itself 

out of the net. 

Entanglement of Dall's porpoise is not related to predator-prey 

associations with salmon species, Atka Mackeral (Pleurogrammus monopterygius) 

or other species caught by the nets. Entanglement may be related to the porpoise ( 

feeding activities on other prey species such as squid and mesopelagic fish 

in the vicinity of the nets. Of the environmental factors monitored, such as 

swell, wind force, etc., none shows correlation with entanglement of the porpoise. 

Correlation of the level of incidental take of Dall's porpoise with fishing 
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effort and salmon catch cannot be fully assessed due to the lack of complete 

information on the numbers of porpoise taken. Porpoise incidental take was 

compared with total salmon catch, and each species catch in one fleet in 1979. 

No correlations be tween porpoise take and fishing success were found, and 

given the bias in the data, interpretations were cliff icult to make. 

From daylight observations of the porpoise near the nets it seems certain 

the animals can detect the net since they approach it at high speed and 

quickly stop or sharply veer away 20-30 m from the net. The porpoise have 

also been observed diving under the net. The means of net detection is 

unknown. 

One significant difference in behavior when the gillnet is in the 

water is a tendency to approach the net itself rather than the vessel 

(W. A. Walker, pers. comm.). When the vessel is in transit, the porpoise 

approach the bow of the vessel. During net deployment and retrieval, the 

animals frequently approach the net some distance from the vessel, rather 

than the bow. At this point, interpretation of this behavior is unclear. 

Detailed observations of entangled porpoise aboard the 1980 dedicated 

research vessel cruise indicated that initially in the entanglement process, 

the porpoise swam into the net, enveloping itself in a simple bag with one 

layer of net covering the body. Further entanglement involved wrapping 

additional webbing about the body, by twisting or turning motions. When the 

flukes became restrained, the animal no longer maintained contact with the 

surface and death resulted (W. A. Walker, pers. comm.). 

Of the porpoise entangled, approximately 19% (5) were alive and 

released. The factors that are hypothesized to affect survival are length 

of time entangled, and poor weather and sea conditions. Fifteen percent 

(n=4) of the entangled porpoise dropped out of the net prior to being 
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brought aboard the vessel. 

Survival of animals that entangle and are released alive is unknown. 

Of the five animals that were released alive from the dedicated vessel, 

two appeared exhausted by the entanglement and release process and their 

survival seems doubtful (W. A. Walker, pers. comm.). Ridgway (1966) and 

Walker (1975) report high mortality of Dall's porpoise in live capture 

operations. Survival of entangled Dall's porpoise may be low, and dependent 

in part on procedures used during release. 

Gear Characteristics 

Studies of the gear characteristics aboard the dedicated vessel in 1979 

indicated that because of the construction of the net and its light weight, 

the net probably did not break upon impact but enveloped or "bagged" the 

porpoises. Steep-angle turns of the porpoise probably further entangled the 

animal. Since it cannot swim backwards it can not swim out of the net bag. 

During this dedicated research vessel cruise, observations of the 

gillnet prior to retr-ieval indicated that few small scale disfigurations 

occurred during fishing. In about 25% of the sets large scale distortions 

such as long pockets occurred which could have confused or entrapped a 

porpoise. Two porpoise entangled during 17 sets in this cruise (2,000 tans) 

but neither entanglement involved areas of net distortion. 

Acoustic Studies 

The acoustic capabilities of Dall's porpoise were studied by recording 

and analyzing porpoise phonations and by estimating the porpoises' auditory 

capability from cochlear morphology. 

Recordings from a single group of free-ranging animals contained pulse 

trains with acoustic properties suited for echolocation (Hubbs-Seaworld 

( 



Research Inst. unpublished report). The signals were-short (50 usec to 

over 1 msec), narrow band, constant frequency single or double pulses 

with peak energy between 120-160 kHz, without low frequency components. 

Based on cochlear morphology and the frequency structure of pulses, it 

is suggested that Phocoenoides hears frequencies to 160 kHz, with an 

upper threshold between 170 and 200 kHz. Maximum sensitivity may be as 

high as 130-170 kHz with a rapid fall-off above that. The estimated 

upper threshold of Phocoenoides hearing infers that this is an echolocating 

cetacean. 

]for an animal to echo locate successfully, a perceivable amount of 

the pulse energy must be reflected by the target back to the porpoise 

("target strength"). Because of the small diameter of the mono£ ilament 

driftnet line, the target strengths of the salmon gillnets may be very 

low, and consequently, the nets may be undetectable by the porpoise. 

Net entanglement might be reduced either by increasing the target 

strengths of the net by passive devices such as echospheres or by attaching 

active sound sources to the net. Air-filled line (available commercially) 

could be incorporated into the gillnet to enhance its detectability. 

Jfield testing of methods or devices for reducing incidental take has 

not been attempted.· Low incidental capture levels of Dall's porpoise 

reported by salmon research vessels and by the mothership fishery precluded 

adequate sample size to determine effectiveness of methods or devices. 

Take levels as observed on the dedicated research vessel would make 

testing feasible. 
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ESTIMATES OF OPTIMUM SUSTAINABLE POPULATION LEVELS 

A simple difference equation model was applied iteratively to estimate 

the population size in 1952 prior to the commencement of the fishery which 

would give the minimum current estimate of 580,000 Dall's porpoise. 

The lower bound of OSP, defined as the maximum net productivity level, 

is unknown for Dall's porpoise but has been assumed in this study to occur 

at 60% of the pre-exploitation population level as determined administratively 

for the delphinid porpoises taken incidentally in the purse seine fishery 

for yellowfin tuna (45FR72178, Oct. 31, 1980). 

In order to estimate the pre-exploitation population size, several 

models were explored but the following simple model was used (rewritten 

from Smith, 1979): 

where Nt+1= population size in year t+l 

Nt = population size in year t 

Kt = incidental kill in year t 

rt = gross recruitment rate 

M = natural mortality rate 

This model assumes that incidental mortality is acting upon the reproductively 

active component of the population, i.e., that recruitment is proportional to 

the average population size during the fishing season. 

We assumed that rt was density dependent, being equal to Mat the 

pre-exploitation population level (i.e., the population was at equilibrium) 

and proportional to the population size as 
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where n = density dependent exponent equal to 2.39, which gives an 

MSY level of 60% of the initial population size. 

Incidental kill, Kt, was estimated using data on the number of gillnet 

sets provided bys. Ohsumi (Far Seas Research Laboratory, Fisheries Agency of 

Japan, pers. comm. 26 November 1980) and two alternative incidental take rates: 

0.94 porpoise/set, the take rate determined from U.S. observations on Japanese 

catcherboats, and 2.6, from observations on the dedicated research vessel in 

1980. We used these values as the lower and upper bound for the take rate. 

Following Ohsumi (1979) the value of M=0.13 was used for each run of 

the model. Several values of rmax were also used to examine the sensitivity 

of the model to changes in net recruitment rates. The value rmax =0.15 was 

chosen as the lower bound of the range examined and would result in a maximum 

net recruitment rate of 0.02, the value calculated by Smith (1979) for 

Stenella. The upper bound of the range was set at rmax =0.25 and is based 

upon the reproductive rate observed in 1978; it would result in a maximum net 

recruitment rate of 0.12. An intermediate value of rmax-19 was also 

used for comparison. The higher rmax value observed in 1979 (0.36) 

was not used since it resulted in an unrealistic maximum net recruitment 

rate of 0.23. 

The estimates of the pre-exploitation population level that result 

in a present estimate of 580,000 animals, range from 640,000 to 1,744,000 

(Table 10). When current population size is compared to the assumed lower 

bound of OSP, a kill rate of 0.94 and varying rmax values from 0.15 to 0.25 

resulted in the current population size being from 2% to 51% above the lower 

bound; whereas a kill rate of 2.6 for the same range of rmax values 

resulted in the current population size being from 44% below the lower bound 
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to 2% above. Given the current population estimate of 580,000, then kill 

rates approaching 2.6 are unacceptably high, whereas a kill rate approaching 

1.0 appears to give population levels above the assumed lower bound 

of OSP. 

Smith (1979) has shown that pre-exploitation population estimates are 

most sensitive to estimates of current population size. If our current 

population estimate of 580,000 is accurate, kill rates of 2.6 result in 

the modelled population always being slightly above,or below the assumed lower 

bound of OSP. However, if the current population is twice our conservative 

estimate then a kill rate of 2.6 would always result in a population level 

being within the assumed bounds of OSP. The conservative value for the 

- )1980 population (580,000) yields the worst case in assessing the status of 

the population relative to assumed OSP. 

ASSESSMENT OF THE IMPACT OF THE FISHERY 

Estimates of the abundance of Dall's porpoise in the northern North 

Pacific Ocean and Bering Sea range from 580,000 to 2.3 million animals. 

The value 580,000 is a conservative, best estimate based on the data 

obtained in 1978, which had the most extensive areal coverage. 

However, the total coverage was less than one percent of the survey area. 

Estimates of the gross annual reproductive rate ranged from 0.25 to 

0.36, suggesting a high reproductive rate for this exploited population. 

The incidental catch of Dall's porpoise is significantly biased towards the 

take of pregnant females, which may account for the high reproductive rate 

compared to other small cetacean populations. In evaluating these rates, at 

this time the possibilities cannot be eliminated that (1) the data are biased 
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due to the lack of return of all animals for sampling, (2) the data are 

biased because of the limited time and area of sampling, or (3) the 

population is responding to incidental removals. 

Estimates of the total incidental mothership take are unreliable, 

varying by a factor of 48. Insufficie.nt information is available on the 

level of incidental take by the land-based gillnet fishery. Since the 

fishing effort of these two fisheries is equal, the difference of at least 

-an order of magnitude in the reported take by the two fisheries seems 

unlikely. 

Although information on mortality of entangled animals released alive 

is sparse, it tends to indicate that survival is low. 

Assuming that all Dall's porpoise taken incidentally ultimately die, 

that the current population is 580,000, and that the present incidental take 

of 8,970 animals based upon the 0.94 take rate continues into the future, 

the following consequences are predicted by the model: 

Future 
Value of population 
_.!max__ trend 

0.15 Decrease 

0.19 Increase 

0.25 Increase 

By comparison, for the values of rmax: examined, the incidental take of 

24,800 based upon the 2.6 take rate always results in a population decline 

when extended into the future. These extrapolations assume, however, 

not only that the impact of the land-based driftnet fishery is negligible, 

but also that the catch and distribution of animals are random with 

regards to their age and sex. As previously discussed the validity of 

these assumptions is doubtful. 
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The catch is biased towards mature, pregnant females and this has 

an unknown effect on net recruitment. Perhaps equally important, is that 

it is unlikely that all animals in the gene pool of the total population 

in the North Pacific Ocean have an equal chance of being removed since 

the fishery occurs in a limited portion of the species' range. Therefore, 

it is likely that a localized population (or stock, if you will) may 

frequent the fishing grounds each year. If so, then the incidental kill 

will be associated with a smaller population size than used in the 

calculations and there would be a greater negative impact on the population 

or stock than has been modelled. 

Table 10 indicates that for a kill rate of 0.94 and all values of 

rmax examined, the population is always above the assumed lower bounds 

of OSP. However, for a kill rate of 2.6 with the same rmax values, the 

population ranges from just above to well below the lower bounds. 

At the present time, we do not have an appropriate basis for 

determining which of these assessments relative to OSP is correct or even 

reasonable. The results are dependent upon two values, the kill rate 

and the maximum recruitment rate (rmax>• Of the kill rate estimates, the 

lower values (0.94 porpoise/set) may be the more reasonable value since it 

is based upon observations aboard the commercial boats and is similar to 

earlier estimates of the take rate. However, the higher rate observed 

aboard the dedicated vessel cannot be eliminated from consideration because 

it is based on observations made using similar methods while the vessel 

was working with the commercial fleets. 

In the range of values used for the maximum recruitment rate (0.15-0.25), 

each value is equally likely. This assertion is made even though the 1979 

estimate of 0.36 obtained by the US-Japan joint research program was higher 

( 
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than those used above. We emphasize, however, that the higher estimates of 

the research program probably resulted from the seriously biased sampling 

noted before. Consequently the higher estimates do not provide a basis for 

believing that rmax is any nearer to 0.25 than it is to 0.15. 

Thus it is recommended that additional information be collected 

concerning incidental take rate and level, segregation by age class or sex 

in the porpoise population, and the presence of separate stocks. 

These data are required to determine what impact, if any, the incidental 

take by the salmon gillnet fishery has upon the Dall's porpoise population. 
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Table !.--Incidental take of Dall's porpoise and other marine mammals and 
fishing effort by Japanese salmon mothership fishery, land-based 
fishery and research vessels, 1978-1980. Data on fishery effort 
and take provided by Fisheries Agency of Japan (unpublished 
documents to the International North Pacific Fisheries Commission). 

1978 
1979 
1980 

1978 
1979 
1980 

1978 
1979 
1980 

Total 
499 
682 
999 

2,180 

Mother ships 

Fishing 
Incidental Take Effort 

FCZ(%) 
353 (71) 
600 (88) 
806.3(8_!_) 

1,759 

Incidental 
Take 
303 
127 
139 
569 

Lost.~(%) Tans2 
145 (29) 2.725 

17 (2) 2.780 
57 (6) 3.149 

Land-Based Fishery 

Fishing 
Effort 

Tans.2 
3.37 
3.22 

Not available 

Incidental Take Per 
1000 tans Set (330 tans) 

0.18 0.06 
0.25 0.08 
0.32 0.10 

Incidental Take Per 
1000 tans Set (330 tans) 

0.09 0.03 
0.04 0.01 

Salmon Research Vessels 

Incidental 
Take 

27 
20 
56 

103 

Fishing 
Effort 

Tans 
44,622 
34,615 
38,080 

Other Species Taken 

1978 

Incidental Take Per 
1000 tans Set (330 tans) 

0.61 0.2 
0.58 0.19 
1.47 0.49 

1979 1980 
Species Mothers hip 

6 
Research Mothership Research Mothership Research 

Callorhinus ursinus 
Orcinus area 
Phocoena~coena 
Unidentified seal 
Lagenorhynchus obliquidens 
Lissodelphis borealis 

0 
0 
0 
0 
0 

1 3 12 0 
1 0 0 0 
1 3 0 4 
1 0 0 0 
0 0 1 0 
0 0 0 0 

Lost= number of porpoise that were caught in the gillnets but could not be 
returned to the mothership. 
Tans: in millions of tans. One tan= 50 m. 

19 
0 
2 
0 
0 
3 

1 

2 
3 Estimated number based on data given to biologists aboard motherships during 

the fishing season. 
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Table 2.--Summary of results of population estimation based on 1978-1979 

data. 

Area 

1978 200 ~eter strip width 

Western Central North Pacific 
Bering Sea 
Gulf of Alaska 
Eastern North Pacific (unsurveyed) 

Total 

1979 200 meter strip width 

Western-Central North Pacific 
Bering Sea 
Gulf of Alaska 
Eastern North Pacific (unsurveyed). 

Total 

1978 400 meter strip width 

Western Central North Pacific 
Bering Sea 
Gulf of Alaska 
Eastern North Pacific (unsurveyed 

Total 

1979 400 meter strip width 

Western Central North Pacific 
Bering Sea 
Gulf of Alaska 
Eastern North Pacific (unsurveyed) 

Total 

Abundance 
Estimate 

386,831 
70,108 

253,865 
631,714 

1,342,518 

445,230 
173,995 
487,451 
704,604 

1,821,280 

257,777 
65,699 

136,671 
373,313 
837,460 

266,277 
123,179 
371,857 
445,916 

1,207,229 

1978 Exponential quadratic model line transect 

Western Central North Pacific 
Bering Sea 
Gulf of Alaska 
Eastern North Pacific (unsurveyed) 

Total 

329,942 
46,021 

141,002 
402,741 
919,706 

1979 Exponential quadratic model line transect 

Western Central North Pacific 
Bering Sea 
Gulf of Alaska 
Eastern North Pacific (unsurveyed) 

Total 

613,863 
165,732 
605,985 
941,542 

2,327,121 

95% Confidence 
Interval 

220,723 - 552,940 
35,339 - 104,877 

166,601 - 341,130 

269,080 - 621,380 
108,775 - 239,215 
125,639 - 869,263 

169,452 - 346,102 
39,084 - 92,314 
92,935 - 180,407 

167,502 - 365,052 
76,499 - 169,858 
51,440 - 692,274 

288,546 - 371,339 
24,002 - 68,040 

115,577 - 166,428 

591,902 - 725,824 
134,839 - 196,625 
225,746 - 986,223 

( 
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Table 3.--Dates of Collection of Biological Samples by U.S. Biologists 

Aboard Each Mothership, 1978-1980. 

1978 

1979 

1980 

Jinyo Maru 

11-22 June 

11 June -
4 July 

13-19 July 

10 June -
8 July 

19-31 July 

Kizan Maru 

9 June -
1 July 

14-31 July 

Meiyo Maru Nojima Maru Shinano Maru 

11-24 June 12-24 June 13-21 June 

11 June - 9 June - 11 June -
2 July 11 July 12 July 

2-20 July 

9-29 June 9 June -
8 July 

9-30 July 20-29 July 



Table 4.--Composition of the Incidental Take of Dall's Porpoise by the Japanese High Seas Salmon Mothership 

Fishery, 1978-1980. 

Total Total Males 
Take Sampled Total Immature Mature 1 (%) Total 

1978 499 

1979 682 

1980 999 

349 

609 

929 

2,180 1,887 

157 

222 

326 

705 

(A) 

106 

150 

205 

461 

(B) 

51 (32) 

72 (32) 

121 (37) 

244 (35) 

192 

387 

603 

1,182 

Females 
Immature Mature2 (%) Pregnant 

(C) 

101 

162 

1673 

430 

(D) 

91 (47) 

225 (58) 

436 (72)3 

752 (65) 

(% of mature) 

83 (91) 

215 (96) 

392 (90)3 

690 (92) 

% of Sample 

A B C D 

30 15 29 26 

25 12 27 37 

22 13 18 47 

1 Maturity was based upon a body length of~ 181 cm, the length of rapid testes weight increase. 
2 Female maturity was determined by the presence of at least one corpus luteum or albicans in the ovaries. 
3 Estimates based on body length: Mature~ 172 cm, the approximate mean length at sexually maturity 

of the 1978 and 1979 females. 

~ 
(X) 
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TABLE 5.--Numbers of Dall's porpoise fetus and neonates per week, 1978-1980, 
collected aboard salmon motherships. 

Fetus Neonates 
1978 1979 1980 1978 1979 1980 

June 10-16 13 12 16 0 0 0 
17-23 11 37 35 0 1 1 
24-30 10 36 49 0 1 3 

July 1-7 6 14 9 0 1 3 
8-14 2 9 11 3 6 1 

15-21 2 4 10 1 3 9 
22-28 5 21 
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Table 6.-- Gross annual reproductive rate (GARR) of Dall's porpoise and 

reproductive condition of females, 1978 and 1979. 

I. Reproductive Condition of Females 

1978 1979 
No % No % 

Sexually Immature: 101 52.6 162 38.9 

Sexually Mature: 91 47.4 225 58.1 

Pregnant Only 70 36.5 195 53.0 
Pregnant & Lactating 13 6.8 20 5.4 
Lactating 4 2.1 7 1.9 
Resting 4 2.1 3 0.8 
Post Reproductive 0 0 

Totals: 192 387 

Total Sample: 349 609 

Proportion Female: 55.0 63.5 

II. Gross Annual Reproductive Rate 

1978 1979 

A Annual birth rate 0.96 0.99 

B Proportion Female 0.55 0.63 

C Proportion of Females 0.47 0.58 
Reproductive 

Gross Annual Reproductive 0.25 0.36 
Rate (GARR.., AxBxC) 

( 
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TABLE 7.-- Incidental take rates of Dall's porpoise and fishing effort of salmon 

research vessels, for June and July 1972-1980. 

Tans 
Year Fished* 

1972 138,202 
1973 141,887 
1974 127,720 
1975 115,485 
1976 118,101 
1977 58,928 
1978 44,622 
1979 34,615 
1980 33 900** , 

Number 
Taken * 

40 
76 
82 
66 

107 
16 
27 
20 
29** 

Incidental take 
per 1000 tans 

.29 

.54 

.64 

.57 

.91 

.27 

.61 

.58 

.86 

per set 

.10 

.18 

.21 

.19 

.30 

.09 

.20 

.19 
• 28 

* Data for 1972-1977 from Machidori, s. 1979. Distribution of porpoises 
entangled in salmon gillnets of Japanese salmon research vessels 1972-77. 
Unpublished document submitted to the INPFC. Data for 1978-1980 from 
unpublished document submitted by Fisheries Agency of Japan to the INPFC, 
1980 Annual Meeting. 
** Excluding data from dedicated research vessel. 
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Table 8.--Estimates Dall's porpoise incidental take per gillnet set for 

mothership vessels and dedicated research vessel, 1980. 

u.s. 
Research 
Platform 

Dedicated vessel 

Catcherboats (18) 

Overall Mothership Mean 

Mean no. per set (range) 
From U.S. For associated 
Observations mothership fleet 

2.6 

0.94 

(0-9) 

(0-5) 

0.089 

0.14 

0.11 

(0-0. 21) 

(0-0.38) 

Estimated 
total take 

24,812 

8,970 

Reported 
take 

999 

( 



Table 9 •. --Vertebrate ?rey species list as determined by otoliths retrieved 
from 185 Dall 1 5 porpoise stomachs in 1978 and 87 in 1979. 

1978 1979 ALL 

.. , ..... 
0 0 

QJ "' QJ QJ C, 

0 >, u I-< tF 0 >, u M 0-· 0 
tY• 

en u C QJ "' u; u C QJ "' u. "' z ..c: C QJ 0. ..c: ... z ..c: C 0) 0. ..c: ... z ..c: ... 
µ QJ M u c· ..., G) M u C ..., C 

"" .... :::, 1-, 0 "' QJ "" .... :::, ... 0 "' QJ ""-~ ., 
"' .... tT :::, e u "',... 0 ::, e u "' .... (j 

?recie.::i 
..., 0 QJ u z C M ... 0 QJ u z 0 ... .... C 
0 µ it u ..., QJ 0 ..., 

it u ..., C, 0 .... G.J 
b 0 0 IX UJ Cl. E--0 0 I><! Ul Cl. E-- 0 ;:.. 

Protcm·r::t.Jr-hvm thc::-:~sor,i 42,858 lG'J 253.GO 70.8 39,020 81 481. 7 3 88.0 81,878 78.JO 
DiaF~US theta 5,343 123 43.44 8.8 1,979 62 31. 92 4.0 7,3L2 7. (J~J 

Stc!1cbra.c:1ius sp. 5,394 149 36.20 8.<J 1,642 57 28.81 4.0 7,0JFi 6. ~,) 

Lu.r.:pan'/CCL.;.5 ~ord~:-.i. 1,240 50 25.80 2. 1 825 29 28. 4'.; 2.0 2,115 2 .CJ,) 

Lu.~.:,,ar.·.:ct.t.;..S ac:.1 r .. ...t5 2 1 2.00 l 1 1.ou 3 
Lu~.:·)anyctus reqalis 335 61 5.49 0.5 50 14 1. 78 3t<S l). _; J 

Tarlt:!tor:Dt.:!ania cre;iularis 5 5 5.00 5 

'l'arletonbeania ta,/lor:. 2 1 2.00 2 

Tarletonbeania sp. 18 8 2.25 4 2 2.00 22 
Ceratosi:opelus sp. 2 1 ·2.uo 

Unidentified myctophid 103 5 20.60 0.2 103 0.10 
i\..mmcdytes hexaoterus 2,164 66 32.78 3.5 2,164 2.10 
Bathylag:us millcri 146 38 3.84 0.2 107 14 7.64 0.2 253 0.20 
Bat.hvlagus pacificus 287 20 14.35 0.5 39 6 6.50 326 0.30 
Bat~vlaqus ochot2r-~5is 62 13 4.77 0.1 62 
U:iiS::e:itified bat:-::rlagid 1,565 108 14.49 2.6 167 37 4.28 0.4 1,732 1. 60 U1 
!·1elarn.nhaes lugubris 274 42 6.50 0.4 112 11 10.18 0.2 386 0.40 w 
Porcmit.ra crassi::e:)5 13 5 2.60 18 3 6,oo 31 
Macropir.na micros tom.a 45 11 4.09 27 9 3.00 72 

Dolic:1ooter,·x sp. 2 1 2.00 2 
Theragra chalco~rar:i.r:ia 150 8 18. 75 0.2 150 0.10 
Bent:1a:oella dentata 6 3 2.00 6 
:,.;.:)tole;-is rissoi rissoi 9 3 3.00 9 
Paralenis atlanti~ 12 1 12.00 
t-1acroparalepis sp. 2 1 2.00 
Lesti.dio;:,s ringer.::; 13 6 2.17 10 8 1.25 23 
L'nide:.~if ied juvenile cottid 10 7 1. 43 10 
S.::cr.~lo.5aurus harr·/i 176 46 3.83 0.3 21 13 1.62 197 0.20 

L'n~6entified morid 2 1 2.00 2 

Na:-isenia candida 24 14 1. 71 153 20 7.65 0.4 177 •_j. 20 

Unicier,tified stichaeid 23 13 1. 77 4 2 2.00 27 

Pleuro9ram..uus mon-:>fter~·gius 2 1 2.00 209 13 16.08 0.5 211 u.2U 

Ich-:h:c:occccus s;,:;. 1 1 1.00 
Unidentified stc:!'il.a tiod 3 1 3.00 

Cl~u::-ea haren9:us ~· 50 1 50.00 
Encralis mordax* 5 1 5.00 

'!'otal 60,601 185 327. i)O 100.0,l 44,498 87 516.00 100.0 105 ,O"'·' L).00 

*7::;.;:en from rugec Sound stranding specimen (LMT 001) on July 18, 1978. 
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TABLE 10.--Estimates of pre-exploitation (1952) population size (N0 ) of 

Dall's porpoise which derive a 1980 population estimate of 580,000 

using various values for rmax; M was set at 0.13. Assumed lower bounds of 

0SP is 60% of initial. 

Kill Lower bound Current population size 
rmax rate No of 0SP relative to assumed 

lower bound of 0SP 

0.25 2.60 952,000 571,000 2% above 
0.25 0.94 640,000 384,000 51% above 

0.19 2.60 1,319,000 791,000 27% below 
0.19 0.94 751,000 451,000 29% above 

0.15 2.60 1,744,000 1,046,000 44% below 
0.15 0.94 949,000 569,000 2% above 

( 
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Figure 1.--Three color phases of Dall's porpoise 
dalli). Top of photograph to bottom: 
black variant, and truei-type. 

(Phocoenoides 
dalli-type, 



Figure 2.--Distribution of Dall's porpoise in the northwestern North Pacific Ocean and Bering Sea, ]978-]979. 

+ = dalli-type 

~ = truei-type 

O = unknown type of Phocoenoides 
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Figure 3.--Frequency of sightings of Dall's porpoise 
(Phocoenoides dalli) vs. group size 
(1958-1979, North Pacific). 

FRt.l.lUtNL. T 

1400 

1300 

1200 

1100 

1000 

900 

800 

700 

600 

500 

400 

300 

200 

100 

0 

PERCENT 
25 

23 

21 

20 

18 

16 

14 

13 

l l 

9 

7 

5 

4 

2 

0 
1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 

GROUP SIZE 

u, 
..J 



60N 

SON 

40N 

Figure 

-----·--· ·------·------

~:--+------+-----.Y~- Ope~ 
after 
25 J"une 

····-- --·. ··-· ·~ 

'1~ 

, 

, ··-1--·-·•----- 11------11-'-'--4-Ja,___,.,.__~_t .,.. __ _..,_ __ -4--_..=-I)':..:+· 

1 ~ ~ 
Mother ship 

~ area , I Soviet .,. 
--·- ---- ~· ----- FCZ Closed 

I to 
;/l' (/ fishing 

\.-.-1,. _____ _:_ ____ ~.,~,~-----1------+----..i1111~:::--------P---1--t-under 

' Closed INPFC 

to June __ .....,_,.... ____ fishing~--+--------
Japan Sea , • d under I Japan-

!--.t...--.....:-----~;.....----+-----soviet 
agreement 

l May - 31 July 

Land-based driftnet • 
area 

Open 
after 
31 May 

Closed 
15 Ju.TJ.e 
under 

---
GOJ-Soviet 

-----

TOTAL 

I 
. .1...;::_ ___ .:._ ___ __: ____ ...:_ ____ ..J.. ____ ..1.. ___ __,.,,,L.:,;:-----..1-----..L-----+----~111 ~""N-----4. 

J 501,; I GO 1,; 170 I·: HtO 

60N 

Ul 
00 

5'.JN 



200 m 

400 m 

Line 

200 m 

400 m 

Line 

200 m 

400 m 

1/'1 

Line 

200 m 

400 m 

Line 

200 m 

400 m 

Line 

200 m 

400 m 

Line 

Figure 5.-~Point estimates (vertical line) and 95% confidence intervals (Horizontal bar) of 
Dall's porpoise abundance for the three surveyed strata by year and method of 
analyses. In each case the upper bar represents the estimate obtained using a 
200 meter wide strip, the middle bar represents the estimate from a 400 meter strip 
and the bottom bar represents the estimate of the line transect analysis. 
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60 
Figure 5.--Locations of the capture of all female Dall's 

porpoise incidentally taken in gillnets of the 
Japanese high seas salmon fishery. 1978. 

l.!J = Females 

• = Pregnant or lactating females 
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Figure ¥.--Locations of the capture of all male Dall's 
porpoise incidentally taken in gillnets of the 
Japanese high seas salmon fishery. 1978. 
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Figure I!,! .--Locations of the capture of all female Dall '_s 

porpoises incidentally taken in gillnets of the 
Japanese high seas saJ.n:ton fishery. 197-9. 
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Figure 9 .--Locations of the capture of all male Dall's 63 
porpoises incidentally taken in the gillnets of 
the Japanese high seas salmon fishery. 1979. 
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~igure 10.--Lengths of all Dall's porpoise incidentally 
taken in Japanese salmon.gillnets, aboard 
research vessels and in the high seas 
mothership fishery. 
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Figure 11.--Linear regression analysis of percent 
postnatality on body length for fetuses 
and neonates in 3 cm intervals. 
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Fiqure 12.--Body lengths versus right testis weights for male 
Dall's porpoises taken in the Japanese high seas 
salmon fishery. 
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Figure 13.-- Right testis length versus tooth 
growth layer groups for male Dall'.s 
porpoises incidentally taken in salmon 
gillnets 1978-79. 
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Figure 14.--Number of corpora present versus body length for 
all female Dall's porpoise incidentally taken in 
the Japanese salmon mothership fishery, 1978-79 
(N = 538). 
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Figure 15.--Body lengths of fish specimens collected 
from 79 Dall's porpoise stomachs {N = 374). 
Specimens were partially digested (85-'.90% complete). 
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Figure 16 : 

70 

Prey species overlap between Dall's porpoise and salmon. 

Solid lines indicate major prey items, broken.lines indicate 

minor prey. 
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