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FOREWORD 

In November 1976 the Biology and Research Committee of the INPFC 
requested formation of a working group to define terms used by the Committee 
in the analysis of population dynamics and exploitation. Tne working group 
thus formed was called the Working Group on Terminology and was composed from 
representatives of the three national sections. This glossary represents 

· the efforts of the group to reduce or eliminate some of the ambiguity 
associated with the use of some terms. 

In composing the glossary, the working group hoped to err on the 
comprehensive side in the inclusions of terms. For example, in the analysis 
of stocks, various boundaries and regulatory areas are involved and the group 
believed it would be beneficial to include definitions and specifications of 
such areas ~or ready reference. 

The glossary draws heavily from existing information and definitions, 
most notably those of Ricker (1975), and also from ideas expressed at the 
ad hoc ICES meeting on the biological basis for fisheries management, held in 
1976. Errors of omission and commission, however, are the responsibility of 
the authors. 

An initial draft of this glossary was prepared in 1977 for the 
24th Annual Meeting of the INPFC. The Working Group decided that additional 
input and review of the draft was necessary before a final copy could be 
submitted to the Committee on Biology and Research. Various individuals 
within the Canadian Department of Fisheries and Oceans, the Japan Fish
eries Agency and the United States National Marine Fisheries Service 
provided thoughtful criticisms of the draft• 

While this Glossary is submitted in final form to the Committee, 
the-Working Group wishes to stress that such a document is impermanent in 
both definition and content and that periodic review by the Committee would 
be beneficial. 

B. M. Leaman 
Editor 

August 1979 
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I. DATA INPtrrS 

A• FISHERIES 

Japanese mothership groundfish fishery 

A licensed Japanese fishery composed of several fleets which are 
classified in tenns of major products. The two types of fleets are the surimi 
or meal fleets and the freezer fleets. Each fleet is composed of a mothership, 
containing the processing equipment, and several trawl catcher boats associated 
with this mothership. The surimi fleets target primarily on pollock. The 
freezer fleets target on a wider variety of species including yellowfin sole,
rock sole, turbot and other flatfish, Pacific ocean perch and other rockfish, 
blackcod, Pacific cod, shrimp and Pacific herring. These vessels are permitted 
to offload products to carrier boats while at sea. 

The fishing grounds are those parts of the Bering Sea and the North 
Pacific Ocean lying north of 5O°N and between 16O°E and 17O°w since 1967; 
mwever, trawl gear is prohibited west of 17O°E. 

Japanese North Pacific trawl fishery 

A licensed Japanese fishery composed of independent trawlers 
capable of processing their catch. These vessels may be classified similarly 
to the mothership fishery in terms of major products or type of processing, viz., 
surimi or freezer trawlers. These vessels either offload their products on to 
transports for shipment to Japan or deliver directly to Japan. Surimi trawlers 
target on pollock while freezer trawlers target on Pacific ocean perch and 
other rockfish, yellowfin sole, rock sole, turbot and other flatfish, blackcod, 
Pacific cod, Pacific hake, squid and shimp. Their fishing ground is limited 
to those parts of the Bering Sea and the North Pacific Ocean, lying north of 
1O°N and east of 17O°E. Additionally, there was some transference of vessels 
from the mothership groundfish fishery to this fishery, during 1976. The 
latter vessels are limited to fishing in the area of the Bering Sea east of 
l7O°E, and the North Pacific Ocean north of 5O°N and between 17O°E and 17O°W. 

Japanese North Pa~ific longline-gillnet fishery 

A licensed Japanese fishery composed of independent vessels fishing 
groundfish with longline or gillnet gear. Longline vessels currently target 
on blackcod and Pacific cod although they formerly (before 1967) fished 
halibut. Some of these vessels use gillnet gear to fish for herring in the 
eastern Bering Sea, during spring and summer. Gillnet fishing for herring is 
permitted only in the Bering Sea east of 17O°E while lcngline fishing is per
mitted in the Bering Sea and in the North Pacific, east of 17O°E and north of 
47°3O'N. :hese vessels are permitted to offload their products at sea for ship
ment to Japan 

Japanese land-based dragnet fishery 

A fishery composed of independent vessels using trawl gear to fish 
for various species such as rock sole, Greenland turbot, rockfish, Pacific cod, 
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·blackcod, shrimp, and squid. There vessels are not permitted to offload their 
products while at sea but must land it themselves. They are permitted to fish 
between 153°E and 170°W, and north of 48°N, since 1967. 

Japanese mothership crab fishery 

A licensed Japanese fishery composed of mothership fleets, each of 
which has one mothership/factoryship with processing equipment aboard and 
several deck-loaded skiffs associated with several fishing vessels. From 
1953-1974 these fleets fished king crab with tanglenet gear in the Bering 
Sea but since 1975 have used only pot gear to fish Tanner crab in the Bering 
Sea, east of 175°w. These fleets are permitted to offload their products 
while at sea. 

Japanese mothership salmon fishery 

A licensed Japanese fishery composed of fleets, each of which has · 
a mothership/factoryship with processing equipment aboard and many (up to 41) 
gillnet catcher boats associated with it. These fleets may offload their 
products while at sea and are permitted to fish in the Bering Sea and North 
Pacific as outlined in Section l(e). 

Japanese landbased driftnet fishery 

This fishery is composed of independent driftnet vessels. These 
include a large number of small (,$10 tons) vessels, which operate close to 
Honshu and Hokkaido islands, and a smaller number of larger(~ 30 tons) vessels, 
which fish in the western North Pacific from the Japanese coast to 175°r., 
south of the area where the mothership salmon fishery is permitted. Since 
1967 these vessels are not permitted to offload their products while at sea. 

High seas salmon fishery 

A fishery fishing salmon on the high seas, i.e., outside 
jurisdictional zones of any coastal state. The Japanese high-seas salmon 
fishery is classified into two fisheries, the mothership and the landbased 
fishery. The latter fishery is further divided into a driftnet fishery and 
a longline fishery. The longline fishery has not been in existence since 
the 1971 fishing season. 

Groundfish fishery 

The term for any fishery harvesting demersal fish species using 
trawl, longline, gillnet or pot/trap gear. Those directed groundfish 
fisheries landing significant quantities(> 10%) of the total landings 
from any given area are: pollock fishery (fishing pollock and pro
ducing surimi and fish meal); flounder fishery (fishing yellowfin sole, 
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rock sole, Dover sole, Greenland turbot and flathead sole, producing frozen 
fish and fish meal); ocean perch or rockfish fishery (fishing Pacific ocean 
perch and other rockfish to produce frozen or fresh fish); herring fishery 
(fishing herring using trawls or gillnets to produce frozen fish, roe or fresh 
fish); Pacific cod fishery (fishing Pacific cod using trawl gear or longline 
to produce fresh or frozen fish) and blackcod fishery (fishing for blackcod 
using trawls, longlines or pots/trap to produce fresh or frozen fish). 

B. VESSELS 

Gross tons 

The gross tonnage of Japanese ~essels is normally taken to be equal 
to the total carrying capacity of the vessel x 0.353; however it is noted 
that the standards for calculating the carrying capacity have changed over 
time. For North .AJnerican vessels the gross registere~ tonnage (GRT) is taken 
as the sum of the under-deck tonnage plus the between-deck spaces and all the 
enclosed spaces above the deck. The under-deck tonnage is the total accessible 
internal capacity of the ship measured in tons, where 1 ton equals 100 cu. ft. 
(2.832 cu. m) 

Horsepower 

A unit for measuring the power developed by an engine. One horse
power is equal to 59,746 watts. When referring to fishing vessel horsepower, 
this value is the shaft horsepower, i.e., the power developed by the main 

.propelling engine(s) of the vessel. 

Classification 

Canadian vessel classification: 

Class 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Tonnage (GRT) 

0-14 
15-24 
25-49 
50-74 
75-99 

100-149 
150-199 
200-299 
300-399 
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Japanese vessel classification: 

Tonnage (GRT) 

Up to 1972 Since 1973 

Side trawler/ Pair 
Class All gears 

Stern 
trawler 

Danish 
seiner longliner/gillnetter trawler 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1-74 1-304 1-64 1-204 1-94 
75-104 305-354 65-84' 205-254 95-114 

105-204 355-404 85-104 255-304 115-134 
205-304 405-504 105-124 305-354 135-154 
305-504 505-1,004 125-144 355-404 155-174 
505-1,004 1,005-1,504 145-164 405-454 175-194 

1,005-1.,504 1,505-2 ,504 165-184 455-504 195-214 
1,505-2,504 2,505-3,504 185-204 505-.604 215-234 
2,505-3 ,504 3,505-4,504 205-224 605-804 235-254 

3 ,505- 4,505- 225- 805- 255-

Soviet vessel c_lassification: 

BMRT's - 3170 gross tons; 90 crew members; most com:non 
factory stern trawler. 

SRT's - 265-335 gross tons; 22-26 crew members; non
refrigerated side tra~ler. 

SRTM's - 700 gross tons; 30 crew members; refrigerated 
side trawler, largest pf its class. 

SRTR's - 505-630 gross tons; 26-28 crew members; 
refrigerated medium trawler. 

SRTK's - 775 gross tons; similar in design to SRTM, but 
modified for stern trawling. 

RTM's - similar to BMRT, but with larger deck aft, for 
handling gear and fish. 

C. TYPES OF DATA 

(a) Measurements 

Total length: 

The distance between the verticals from the most anterior part of the 
head and the most posterior part of the caudal fin with the fish laid in a 
natural position and the caudal rays squeezed to maximum extension, 

Standard length: 

The distance from the anterior tip of the snout to the posterior end 
of the vertebral column, the fish being laid in a natural position. 
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Fork length: 

For those species having a "forked" (e.g. furcate, falcate, lunate, 
etc.) caudal fin, the distance from the anterior tip of the head to the 
distal end of the shortest caudal rays, at the center of the "fork", with 
the fish being laid in a natural position. 

Carapace width: 

The distance between the verticals from the furthest lateral 
projections (excluding spines) of the dorsal carapace of crabs and shrimps. 

Carapace length: 

The distance from the posterior margin of the right orbit of the 
carapace to the center of the posterior carapace margin. 

Chela width: 

The widest lateral measurement of the right cheliped. 

Shell weight: 

The whole weight of shellfish, shell included and intact, as 
opposed to the product weight such as "meat only" or "meat-in-shell" weight. 

Age-length key: 

A technique of estimating the age composition of a. stock of fish 
through the collection of representative length samples of the stock and 
converting these to representative age composition by use of a conversion 
"key". The key is a double-frequency table, usually having ages in the 
columns and lengths in the rows. Based on the percentage of each age among 
fish of a given length in the key, an observed length distribution can be 
converted to age. Data on the key should be statistically representative of 
the stock and often obtained from stratified or random samples. 

Recent information (Westrheim and Ricker 1977; Kimura 1977) has 
indicated that age-length keys may not be appropriate except within the same 
year and for the same stock as the length samples are obtained from, and 
that they be obtained with gear having the same selective properties. 



- 6 -

(b) Gear/Technique 

Stern trawl: 

The method of trawling wherein the towing warp(s) for the trawl net 
lead from the winches directly off the stern of the vessel, cf. side trawl. 
The warps may lead from port and starboard winches directly to the otter doors 
(double gear) or a single warp may lead from the stern and thence to a bridle 
and to the trawl doors (single gear). 

Side trawl: 

The method of trawling wherein the towing warp(s) lead forward from 
the winches, around bollards, then astern along the side of the ship (generally 
the starboard side). The warps are usually gathered in a towing block before 
continuing to a bridle or the otter doors. 

Pair trawl: 

The method of trawling wherein a trawl net without the trawl doors 
is towed by paired boats. 

On-bottom trawl: 

Any trawl gear wherein the groundline of the net is in contact with 
the seabed during the fishing operation. 

Off-bottom or Flying trawl: 

Any trawl gear in which, during the fishing operation, the trawl 
doors are in contact with the seabed but the groundline of the net is not. 

Midwater trawl: 

Any trawl wherein neither the trawl net nor any segment of it 
(including the trawl doors) is in contact with the seabed during the fishing 
operation. 

Danish seine: 

(Wing trawl). The method of trawling wherein the trawl is set 
along the bott.om with one end fixed. The vessel then picks up the fixed 
warp and uses· the trawl warps to gather the net, with the sweeplines acting 
to drive the fish into the net. 

Longline gear: 

The method of fishing wherein fish are caught on hooks attached by 
short gangions to a long mainline. This gear may be floating or laid along 
the seabed. The size of hook, length and spacing of gangions, and the length 
of the longline vary among fisheries with different target species • 

• 



- 7 -

Trap/pot gear: 

The method of fishing employing baited traps. These traps may be 
fished individually or with gear similar to longline gear, where the traps 
replace the hooks. The dimensions and configuration of the trap vary with 
the target species. 

Gillnet gear: 

The method of fishing employing netting intended to intercept and 
hold the fish underneath the opercula. This gear generally works passively, 
i.e., it is anchored or drifts in the water rather than being towed or pushed. 
Gillnets may be used to exploit either pelagic or demersal species. Crab 
tanglenets are also one of the gillnet type gears• 

Purse seine: 

The method of fishing wherein a body ·of fish is surrounded by a 
net which is then gathered or "pursed" at the bottom. The net is then hauled 
toward the vessel and the fish are brailled, pumped or dipnetted out of the 
net as it is gradually hauled aboard· the vessel. 

(c) Effort 

Hours trawled: 

Refers to the time (in hours) spent with the net in effective 
fishing use. In the case of an on-bottom trawl, which is fished on the 
bottom, then this is taken to be the time elapsed between when the net 
arrives on the bottom until it leaves; however, should the configuration of 
the net be such that it is effective in catching fish during shooting and 
hauling, then this time should also be included in the hours trawled. With 
regard to midwater trawls, since it is extremely difficult to assess the 
exact time when the net adopts a fishing configurati~n, the hours trawled 
should include all the time when the net is at the fishing depth. 

Horsepower hours: 

When referring to trawl vessels, a unit of effort which is the 
product of the hours trawled and the horsepower of the vessel's main propelling 
engine~· 

Number of hauls: 

The number of times the net is set and retrieved from a configur
ation which will permit the capture of fish. 
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Days fished: 

Refers to the amount of time (in days) spent by the fishing vessel 
(or a scouting vessel) in actively fishing, setting or retrieving fishing 
gear, or in prospecting for locations to fish. 

Number of hachi (skates) longline units: 

Units of effort used in the longline fishery. The hachi is the 
unit of length in the Japanese longline fishery and ranges from 58-100 m 
but 90% are in the range 70-75 m, the average being 75 m. The gangions are 
spaced from 1.3-2.6 m apart, averaging about 1.9 m. The length of the 
gangions has decreased recently and ranges from 0.5-1.6 m, with an average 
value of 1.35 m. 

In the North American longline fishery, the unit of length is 
called a skate and ranges from 450-550 m. Gangion spacing has changed 
considerably in the longline halibut fishery in recent years. The early 
stages of the fishery used 4.0 m gangion spacing, while the most common 
spacing is now 6.4 m with some vessels using 7.9 m spacing. The International 
Pacific Halibut Commission has adopted a "standard skate" of 100 hooks at 
5.5 m (18 ft) spacing on a 550 m groundline. 

A hachi of salmon longline is composed of a main line about 135 m 
long with 49 gangions about l m long, each tipped with a single hook. 

Number of tans of gillnets: 

A tan is the unit of length used to measure Japanese gillnets. In 
the mothership salmon fishery, a tan is approximately 50 m long and 5 m deep. 
Mesh sizes may be either 121 mm or 130 mm diagonal, stretched measure. Since 
1963, at least 60% of the gillnets have been of the latter mesh size. Within 
the Japanese high-seas fishing area, the maximum length of a gillnet string 
is governed by agreements between Japan and the USSR. East of a line drawn 
from c. Olyutorskiy to 48°N and along 170°25'E and thence to the Akiyri 
Islands, the allowable maximum length of gillnets is 15 km or 300 tans plus 
10%. West of this line, the maximum length is 12 km or 240 tans. Due to 
the configuration of a gillnet when set at sea, the length of one tan when 
set is regarded as 45 m; therefore, a net string of 12 lan is equivalent to 
264 tans and one of 15 tan is equivalent to 330 tans. 

In· the land-based salmon fishery, mesh sizes range from 112-117 mm 
the minimum mesh size being 110 m. Each vessel is permitted to fish up to 
15 km of gillnets• The tan in this fishery is approximately 41.7 m long and 
5 m deep. 
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Number of pots fished: 

The ·unit of fishing effort for pot/trap fisheries for crabs, snails, 
and· blackcod. There is some variation among nations in the dimensions of the 
gear used in each fishery. For illustration purposes on1y, North American 
blackcod traps are 0.86 m x 0.86 m x 2.44 m with a 0.5 m destruct panel; 
king crab traps are 2.1 m x 2.1 m x 0.76 m; Dungeness crab traps are 1.07 m 
in diameter x 0.31 m high; and Japanese tanner crab traps are 0.8 m (top_) 
x 1.5 m (bottom) in diameter x 0.6 m high in a truncated cone shape. 

Soaking time: 

Refers to the amount of time elapsed when passive fishing gear 
(e.g. pots, traps, gillnets, longlines, etc.) is placed in a position where 
the capture of fish or .invertebrates with that gear is possible, until 
retrieved. 

(d) Catches 

Catch: 

That quantity, in weight or numbers of all species, that is actually 
obtained with fishing gear. 

Discards: 

That quantity of the catch that is not utilized and is returned to 
the sea, unprocessed. 

Landing: 

That quantity, in either weight. or numbers, of all species that is 
caught and retained for subsequent processing or storage, during the fishing 
operation. 

Target species: 

Any species or group of species, the capture of which is the 
principal objective of a fishing operation. Such fisheries are called directed 
fisheri~s. 

Incidental or by-catch species: 

Those species which are caught in the same fishing operations as 
target species but which, by virtue of their lower abundance, poorer market 
value or illegality of possession are not target species. 
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(e) Data .segregation 

INPFC Statistical Areas: 

The Bering Sea region is those waters south of the Chukchi Sea, 
including the north and south sides of the Aleutian Islands between the North 
American shoreline and . 170°W. This region is divided into five areas, as 
follows: 

Area 1 -

Area ·2 
Area 3 -
Area 4 -
Area 5 -

East of 170°W, north of the Alaska Peninsula and the 
Aleutian Islands 
l 70°W-180°· , north of 55°N 
180° - l70°E, north of 55°N 
West of 170°E, north of 55°N 
170°W-l70°E, south of 55°N 

Northeast Pacific region is the northeast~rn Pacific Ocean from 
170°W, eastward and southward to 32°30'N (U.S.A.-Mexico border). This region 
is divided into 11 areas, as follows: 

Shumagin - 170oW-159°W 
Chirikof - 159oW-154°w, south of 57°30 IN 
Kodiak - 154°W-147°W, south of 60°30' N 
Yakutat - 147°W-137°W, south of 60°30'N 
Southeastern - East of 137°W and north of 54°30'N 
Charlotte - 54°30 1 N-50°30'N 
Vancouver - 50°30'N-47°30'N 
Columbia - 47°30'N-43°00'N 
Eureka - 43°00'N-40°30'N 
Monterey - 40°30'N-35°30'N 
Conception - 35°30'N-32°30 1 N 

High seas salmon statistical areas: 

High seas salmon catches in the Bering Sea and the western North 
Pacific are reported by areas enclosed by 5 degrees of longitude and 2 degrees 
of latitude. Each area is described from the southwest corner. For example, 
INPFC Area E7050 includes waters between 170° and 175° east longitude and 
between 50° and 52 ° north latitude. The letters "W'' and "E" are used to 
indicate west or east longitude. Areas between 180° and 175°W have no letter 
designation. 

International Pacific Halibut Commission Statistical Areas: 

These areas, except in the Bering Sea, are divisions of a baseline 
following the coast of North America from California to the Aleutian Islands. 
At 60-mi intervals, lines .normal to the baseline divide the coast into 
statistical areas. These areas are numbered consecutively along the coast 
from south to north and west, beginning with northern California (00). 
Statistical Areas are sometimes divided into subareas to distinguish inshore 
from offshore waters. Statistical Areas are combined into both Regions and 
Regulatory Areas as follows: 
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Region Statistical Area Regulatory Area 

fo!l.J!!!b.!.a ______ _ 0.Q-Q3 _ _______ ! ___ _ 
Vancouver 04-08 
.fh.!rlo_!t~ ______ 0,2-.13_ _ _ 2 
SE Alaska 14-18S 
.!a.!£uJ:as ______ .18~-.P __ _ 
Kodiak 24-28 3A 
Chirikof 29-31 
.§h.!![11,!g.!,n_ - - - - - _3.£-18_ - - 3B 

39-41 
,Al~u_!i,!_n_ ______ 41.+ _________ 3.f ___ _ 
Bering Sea 4A-4E 4 

In addition, there are INPFC-IPHC Regulatory Areas in the Bering 
<;ea. 

INPFC IPHC 

A 4A The waters encompassing the 100 fm isobath lying east of 
170~W and south of a line joining Cape Navarin and the 
northern tip of c. Sarichef on Unimak Island. The 
southern boundary is a line from c. Sarichef to the 
intersection of 170°W and 54°N. 

B 4B - The waters bounded on the south by the Aleutian Islands, 
on the east by 170°W and on the north by the _southern 
boundary of Area 4A. 

C 4C - The waters bounded by the Aleutian Islands, the 
meridians of 170°W and 17 5°W and a line connecting the 
intersections of 170°W x 57°15'N with the intersection 
of 175°W x 59°42'N (this line is a segment of the 
c. Navarin-c. Sarichef line). 

Dw 4Dw - All waters lying north of the Aleutian Islands and west 

E 

of 175°w. 

4DE - Those waters lying north of a line connecting the point 
175°W x 59°42'N, the Pribilof Islands (57°15'N x 170°W) 
and Cape Newenham, and east of 175°W. 

4E - The waters enclosed by the Alaska Peninsula, the Aleutian 
Islands, the eastern boundary of Area 4A (a line between 
c. Navarin and c. Sarichef) and the southern boundary of 
4Dt (a line connecting the Pribilof Islands and c. Newenham). 

Abstention lines: 

Until 1978 INPFC recognized several abstention lines delineating areas 
of restricted fisheries. Agreement was reached on a new Protocol on April 25, 1978 
after which time the abstention line provisions were no longer in force. 
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Salmon abstention line. Japan agreed to abstain from salmon 
fishing east of 175°W until the new INPFC Convention, negotiated in 1978, was 
ratified. This abstention line is no longer in force. 

Halibut abstention line. Japanese directed fishery for halibut 
permitted only west of 175oW but excluding the Bering Sea. This abstention line 
is no longer in force. 

Herring abstention line. Japanese herring fishing permitted only 
in British Columbia waters north of 51°56 1 N. In the rest of the northeastern 
Pacific and Bering Sea, herring fishing permitted only east of 175oW. This 
abstention line is no longer in force. 

II. ANALYSIS 

A• GENERAL 

Ecosystem 

The interacting biotic and abiotic components of any geographical 
area (in three dimensions). In general, the biotic component is characterized 
by a naturally occurring assemblage of plants and animals that live in the 
same enviromnent, are mutually sustaining and interdependent. As the major 
ecological unit the ecosystem has both structure and function related to the 
dynamics of its populations and energy transfer among them. The ecosystem also 
has historical aspects in that its past history is related both to its present 
and future characteristics. 

Functions 

Linear. A mathematical function between variables wherein the 
variables appear only in the first order, i.e., non-exponential, and may be 
operated on by constants in either multiplication or division, or may be added 
or substracted. Such a function would be of the following general form: 

Y = a ± bX 

Exponential. A mathematical function between variables wherein at 
least one of the variables is raised to some power. Such a function might be 
of general form: 

Logistic. The relationship between variables which generally 
involves a decreasing exponential function such that the plot of the relation
ship is an S-shaped curve or the logistic curve of Verhulst (1938). The increase 
in weight of an exploited stock of fish, when exploitation is discontinued, may 
be a logistic curve. An example is the surplus production model (see Surplus 
production analysis). 
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Instantaneous rates 

(After Ricker 1975). In any situation where a stock of fish is 
being exploited, the change in numbers, N, of the stock over some time 
period, t, may often be described or approximated by the following equation: 

where: 

or 

N t. 

- = exp - ([F + M + Dlt) 
No 

Nt. = N0 exp • Zt 

M= instantaneous rate of natural mortality. When fishing 
mortality and natural mortality operate concurrently, 
Mis equal to the total instantaneous mortality rate, 
Z, multiplied by the ratio of natural ·deaths to all 
deaths. M represents an approximation of the rate at 
which fish will die from natural causes alone, during 
interval t. 

F= instantaneous rate of fishing mortality. Again, when 
fishing and natural mortality act concurrently, Fis 
equal to the instantaneous total mortality rate, Z, 
multiplied by the ratio of fishing deaths to all 
deaths. · F is an estimation of the rate at which fish 
will die from the effects of fishing alone over the 
time interval t. 

Z = instantaneous rate of total mortality. The negative 
natural logarithm of the survival rate. The ratio of 
the number of deaths per unit time to the population 
abundance during that time, if all deceased fish were 
immediately replaced so that the total population 
remained unchanged. This is the rate of mortality 

· from all factors and is equal to the negative natural 
logarithm of the survival rate. (Z = F + M + D) 

D = dispersion coefficient. The difference between the 
rates of immigration to and emigration from any 
exploited stock. May be either positive or negative. 
AA observed value of M would generally include both 
natural mortality and dispersion. 

q = catchability coefficient. When referring to exploited 
stocks, the catchability of the stock is equal to that 
proportion of the stock that is caught by one unit of 
defined fishing effort. · If the unit is small enough 
so that it captures~ 0.01 of the stock, then q can be 
used as an instantaneous rate in computing st9ck 
change. In such a case, F = q x f where f = fishing 
effort. 
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G = instantaneous rate of growth. The natural logarithm of 
the ratio of final weight to the initial weight of an 
organism over a unit of time, usually a year. 

R = instantaneous rate of recruitment. The number of fish 
which grow to catchable size over a short-time interval, 
divided by the total ntm1ber of catchable organisms 
present at that time. May be given on an annual basis 
wherein the previous figure is divided by the proportion 
of a year represented by the "short-time interval". 

Y = instantaneous rate of surplus production. Equal to the 
rate of growth plus the rate of recruitment less the 
rate of natural mortality. The resultant value of 
surplus production does not imply that all of the quantity 
will necessarily be available to capture by fishing gear. 
When a stock is increasing at some intrinsic rate, b, and 
having this increase mediated by some·enviromnental 
resistance, a (generally a density-associated effect), 
the instantaneous rate of surplus production may be 
expressed as follows: 

.! 
N 

dN 
dt Logistic or Schaefer model 

11-l = b - ax N Generalized production or 
Pella and Tomlinson model 

= b - ax logeN - Exponential or Fox's model 

where N = population number or weight; m = variable quantity 

Innnigration/emigration. The rate of leaving from (emigration) 
or arriving at (immigration) a given body of organisms, generally when 
referring to a stock. This is opposed to a mass movement of an entire stock, 
which would be a migration. 

Risk analysis 

Any analysis which attempts to evaluate the relative potential 
benefits or detriments associated with any given course of action. In 
general, this type of procedure is applied to management decisions with 
regard to exploited stocks in order to determine the most rational management 
strategy. 

Sensitivity analysis 

Any analysis which examines a system or procedure and attempts to 
determine the relative magnitudes of responses associated with perturbations 
or variations of constants or variables in the system or procedure. Such 



analyses may examine either deterministic or stochastic components with an 
objective of determining the relative "sensitivities" of the components. 

Statistical terms 

(After Sokal and Rolf 1969). The following terms are defined 
within a statistical, rather than a biological, context. 

Population 

Observation 

Sample 

Mean (X) 

Median 

Mode 

Variance ( S2 ) 

- The total number of items or events 
about which inferences are to be 
made, existing anywhere, or at least 
within a definitely specified 
sampling area limited in time and 
space. 

- Some characteristic which is measured 
or observed about the smallest 
sampling unit, generally an individual. 

- A collection of individual observations 
collected by some specified procedures. 
The sample thus defined can be viewed 
as a subset of a population. 

- The sum of the values of all 
observations divided by the number of 
observations. 

- The middle value of any group of 
observations. 

- The value within any group of 
observations which occurs most 
frequently. 

- The sum of the squares of the 
deviations from the mean value of a 
sample, divided by the degrees of 
freedom (number of observations minus 
one). 

Standard deviation - The positive square root of the 
variance 

Standard error - The standard deviation of the sample 
divided by the square root of the 
number of observations. 

Coefficient of variation (c.v.) - The standard deviation of the 
sample divided by the sample mean, 
generally expressed as a percentage. 



Bias, error 

B. POPULATIONS AND STOa.<S 

(a) Definition 

Population: 
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- In statistics, the tendency of a 
statistic to deviate in one direction 
(either positive or negative) from 
the true parametric value (e.g. as 
might occur through non-random 
sampling of the population). 

My self-perpetuating group of mono-specific organisms, within 
which there is complete gene flow. 

Stock: 

That part of a population, which may include the entire population, 
that is under consideration with regard to exploitation or potential 
exploitation. The stock may be further divided into that segment which is 
vulnerable to exploitation (fishable stock, exploitable stock) and that 
segment which is not (unfishable stock). Stock has no· precise Biological 
definition and is therefore only definable within the framework of 
exploitation; by the same token there is no precise method of delineating 
"stock" in space or time without reference to the exploitation process. 

Virgin stock. In general, refers to a population which has not 
been exploited; however, the definition of a "stock" in the absence of any 
specification of exploitation patterns or techniques should be avoided and 
the more appropriate term of virgin population used. 

Biomass: 

The weight of all of a population or some defined segment of it. 

Average abundance (average stock size): 

The average number of fish surviving a specified time interval. 
In our symbols, during one year, this is: 

Jt=l 
- -z N = No dt 

t=O 

(b) Structure 

Modal age/size: 

That age or size (in either weight or length) occurring most 
frequently in the group of organisms being considered, within some specified 
context of time and space. 
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Size or age structure: 

A term describing the relative or absolute abundances of the defined 
sizes or ages within a group of organisms under study, within a specified 
time-space context. Changes in size or age structure of such a group are 
often used as indicators of the impact of exploitation on stocks. 

Age-group (class): 

All individuals of a given age within a population. 

Year-class: 

All individuals of a species which are spawned or born in a given 
year. Commonly used in the context of a population or stock. In the case 
of organisms which have a long time gap between spawning and hatching, it 
should be specified in presentation whether the year of spawning or the year 
of hatching designates the year-class. 

Dominant year-class: 

A year-class of much greater abundance than is usual, such that its 
presence tends to distort or alter the long-term age or size structure of a 
population during its presence in that population. 

Adult/juvenile: 

Terms which distinguish sexually mature fish (adults) from sexually 
immature fish (juveniles). 

C. DYNAMICS 

(a) Recruitment 

Recruitment: 

The process whereby fish are introduced or are "recruited" to 
populations, stocks or fishing gro~nds. This process, while generally 
referring to the processwhereinyoung fish enter a fishable stock, may 
also describe the process wherein older fish may immigrate to a stock from 
other stocks or areas. When this term is used, the user should differentiate 
whether recruitment is to a population, to a stock (often synonymous with 
population) to a fishing ground, or to a fishery, 
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Age/size of first capture (tc): 

. The size or age at which the organism is first retained by the 
fishing gear. In practical tenns, this is often taken to be the-size or age 
at which 50% of those organisms which enter the fishing gear are actually 
retained by it (also called the 50% selection point). 

Age of recruitment into the fishery (tr): 

The age at which an organism is first recruited to a fishery (see 
.also recruitment, age/size of first capture). 

Age of entry: 

While similar to the above, this term describes the age at which 
the organism may be recruited to a stock or population but not necessarily 
to a fishery. In this instance the organism may be present on the fishing 
ground but, through some behavioral or physical characteristic, may not be 
vulnerable to the fishing gear. 

(b) Growth 

Immature: 

Term describing an individual which has not yet developed the 
capacity to participate in any reproductive activities. In general, this is 
taken to be a stage before the gonads have attained their full development-

Mature: 

Term describing an organism which has developed the capacity to 
participate in reproductive activities; generally, when the gonads are fully 
developed. 

Mean length or weight at age: 

The mean length or weight of the fish of any given age-group. Given 
knowledge of growth a given year-class may be monitored thus over time and 
used as one indication of population changes. 

Optimum size/age: 

The age/size at first capture which, under a given fishing regime, 
will produce the conditional maximum sustainable yield of a stock. 
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Critical age: 

The average age of fish in a year-class at which the instantaneous 
rate of natural mortality equals the instantaneous rate of growth in weight, 
for that year-class as a whole. 

Growth equation: 

In general, a mathematical expression which describes the growth of 
an organism, over time, in either length or weight, While several such growth 
equations have been developed, the most commonly used equation is that of 
von Bertalanffy (1938): 

or 

where 

Lt , Wt = length or weight at time t, 
Lm, Wm= the asymptotic length or weight; the length or weight 

attained by the organism as t tends to infinity-
K = the Brody-von Bertalanffy growth coefficient which, 

when used in the equation, produces the rate at which 
the asymptotic size or weight is approached; sometimes 
called the growth completion rate, 

t = time. 
t 0 - - time at which the length or weight of an organism would 

equal zero if it had always grown according to the 
equation; frequently negative. 

Isometric/allometric growth: 

Terms describing the growth process in organisms where the relationship 
of body dimensions or ratios remains constant (isometric) or varies (allornetric) 
during growth, For example, in the relationship of weight and length where 
w = atb, an organism with isometric growth might have b = constant (usually 3) 
throughout its life while one with allometric growth would have a variable b. 

Instantaneous rate of growth, (G): 

The natural logarithm of the ratio of the final size or weight to 
the initial size or weight of an organism over time, t, 
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(c) Reproduction and spawning 

Age at first spawning: 

The age at which an organism or group of organisms (e.g. year-class) 
spawns for the first time, Often, the age of first spawning for a year-class 
might be taken as the age when 50% of the year-class spawns for the first time, 
however it should be noted that first spawning may extend over several years, 
in no one of which does 50% of the year-class spawn for the first time. 

Spawner-recruit relationship: 

A mathematical expression describing the relation between the number 
of spawners in any given year and the number of organisms subse~uently recruited 
to the fishery as a result of that spawning activity, At present, this is 
primarily a hypothetical case in most marine fisheries, due to a lack of 
knowledge about the influence of independent, stochastic variables on the 
relationship. 

Size or age-specific fecundity: 

The average number of ·eggs produced by a female of given age or size, 
Often used when computing total stock fecundity, where several size or age 
groups participate in spawning. 

(d) Hlrtality 

Survival rate: 

Number of fish alive after a specified time interval, divided by 
the initial number. 

Natural mortality: 

Hlrtality in a population arising from causes other than fishing 
including suchcauses as: disease, senescence, predation, starvation, lethal 
environmental conditions, and cannibalism. In the context of fishing and 
removals from stock biomass, natural mortality applied to a stock might also 
include losses to biomass resulting from emigration and/or dispersion, ho~ever 
this is incorrect and these losses should be accounted for separately. See 
also: instantaneous natural mortality rate. 

Fishing mortality: 

Mortality in a stock arising from fishing operations, When 
calculating decreases in stock biomass resulting from fishing mortality, the 
mortality must be considered as applying not only to the quantity of organisms 
removed in the fishing operations but also to that auantity which would die as 
a result of encounters with fishing gear, even though the individuals may not 
be retained by it, e.g., hooking mortality. 
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Total mortality: 

The sum of natural and fishing mortality. In the absence of fishing, 
total mortality and natural mortality are synonymous. 

Spawning mortality: 

With regard to species which have multiple spawning, mortality of 
individuals which die during spawning activities. Normally, included in the 
calculation of natural mortality. 

Tagging mortality: 

Mortality associated with tagging operations- This may be divided 
into two segments: (1) the initial traumatic mortality caused by the capture 
of the organisms and by tagging procedures; and (2) the longer-term mortality 
caused by the presence of the tag on or in the organism and the concomitant 
effects on its normal activities. 

o. MOVEMENTS 

Transboundary stocks 

In general, refers to stocks or organisms which are jointly exploited 
by two or more nations due to the fact that their normal movements take them 
across national boundary lines, e.g., salmon. 

Emigration· 

The one-way movement of individuals away from a population. See 
also: natural mortality, dispersion. 

Immigration 

The one-way movement of individuals into a population, See also: 
recruitment, 

Dispersion 

The movement of individuals from a given concentration of organisms 
which results ' in a lower concentration of those organisms over a more extensive 
area. Such a movement is not necessarily unidirectional, See also: migration. 

Migration 

The movement of either a population or of a segment of 
a population over some distance. Such . a movement may be along isobaths 
(horizontal migration), across isobaths (vertical or bathymetric migration) or 
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a combination of both. The movement may take place at a consistent time(s) 
of year (seasonal migration) or at some particular stage of life (e.g., 
spawning migration). See also: dispersion. 

E. UTILIZATION 

(a) Parameters (after Ricker 1975) 

Availability (r): 

The fraction of a fish population which lives in regions where it 
may be encountered by fishing gear at any point in time, Usually defined in 
relation to some time/area/gear type combination, The fraction may change 
over the course of a fishing season or other time interval, 

Vulnerability: 

1. The proportion of individuals ·encountered by the fishing gear 
which are caught by that gear, This value may change over different times or 
gear-types, 

2, A term equivalent to catchability but applied to separate 
parts of a stock, e,g,, particular size-classes, 

Catchability (q): 

The fraction of a fish stock which is caught by a defined unit of 
fishing effort, When the unit is small enough that it catches only a small 
part of the stock (:5 0.01) J it can be used as an instantaneous rate in 
computing stock changes. 

Population. growth rate:: 

The rate at which the biomass, Bt, of any population held in 
equilibrium by fishing pressure will increase , if the fishing pressure is 
removed. See also: rate of surplus production. 

(b) Exploitation 

Nominal fishing effort: 

The fishing effort (e,g, 1 hours trawled) as reported by the fishing 
vessels and uncorrected for any effects of gear type or fishing power, 

Standardized fishing effort: 

Nominal fishing effort which has been weighted to a particular 
vessel or gear-class, 
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Effective fishing effort: 

The nominal fishing effort by gear which has been weighted or 
adjusted to reflect the effectiveness of the different fishing g,ars or 
techniques, so that each increase in the effective fishing effort causes a 
proportional increase in the instantaneous rate of fishing mortality. 

Fishing pattern: 

The temporal and areal pattern of the application of fishing effort 
on a fishing ground or area. The effort involved in the pattern is normally 
taken as the nominal fishing effort but the type of effort should be specified 
by the user. 

Fishing power: 

The relative vulnerability of the stock to different vessels or 
gear types; may be applied in relation to individual species, size- or age
classes. Several methods of calculation, but normally taken to be the catch 
of a given vessel-gear combination in relation to some standard vessel-gear 
combination (see Robson 1966). 

Catching coefficient (net coefficient): 

The proportion of the ntnnber of individuals encountered by a given 
vessel-gear unit which are actually captured by that unit; may be defined 
separately for individual species. Most often used in biomass assessment 
techniques. See also: area-swept technique, vulnerability. 

Fishing intensity: 

Several meanings in the literature but to avoid ambiguity and overlap 
with other definitions, it will be defined as the effective fishing effort per 
unit area. See also: fishing pattern. 

Gear saturation: 

When referring to passive fishing gear (e,g, driftnet, longline, 
etc,), the gear is said to be saturated when, at any one time, the difference 
between tne maximun potential catch by a unit of gear and the actual catch by 
that unit, is zero, There is also a working definition of gear saturation 
which is more usable: gear is said to be saturated when, at any one time, 
there is a direct proportion between the number of units of the same gear in 
use and the catch. These two definitions might be described as physical and 
functional gear saturation, respectively. 
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Mesh selection ogive (curve): 

A graph of the percentage of organisms which are retained by a given 
mesh size as a function of body size. The point of 50% retention,is normally 
taken to be the size at first capture. 

Catch per unit of effort (CPUE): 

The weight or number of organisms which are caught by a given unit of 
gear, divided by the nominal or standardized fishing effort applied to obtain 
that quantity of organisms. 

Exploitation pattern: 

The distribution of fishing mortality coefficients among size- or 
age-classes in a stock. The exploitation pattern can·only be defined within 
a given stock-fishery context, 

Rate of exploitation (E, µ ): 

The ratio of the catch in a given year to the population at the 
beginning of that year. In terms of instantaneous mortality rates, it is the 
ratio of the product of the instantaneous fishing mortality rate and the annual 
total mortality rate to the instantaneous total mortality rate: 

where a= 1-survival rate 

Levels of exploitation: 

Underexploited (underutilized), The exploitation of the stock is such 
that the yield at that level is below either the maximum sustainable yield or 
some designated optimum sustainable yield, The inference in such a character
ization of a stock is that fishing mortality of the stock may be increased 
without adversely affecting the long-term yield of the stock. 

Fully exploited (fully utilized), The exploitation of the stock is 
such that the yield is at either the maximum sustainable yield or some designated 
optimum sustainable yield. The stock cannot undergo higher levels of fishing 
mortality without adverse effects on stock biomass, 

Overexploited (overutilized), The exploitation of the stock is such 
that the yield is below either the maximum sustainable yield or some designated 
optimum sustainable yield, due to a fishing mortality rate higher than is 
necessary to obtain MSY or OSY. In such a situation, the fishing mortality rate 
must be decreased to obtain an increase in yield. 
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The instantaneous fishing mortality rate which, in a constant parameter 
yield model, will give the optimum yield per recruit for some fixed exploitation 
and/or fishing pattern. See also: OSY, fishing pattern, exploitation pattern. 

FMs v: 

The instantaneous fishing mortality which, in a constant parameter 
yield model; will give the maximum sustainable yield. 

The rate of exploitation which, in a constant parameter model will 
maximize the yield per recruit for any specified exploitation and/or fishing 
pattern. See also Fmaxtavm 

Fmaximum: 

The instantaneous fishing mortality rate which, in a constant parameter 
model, maximizes the yield per recruit for any specified exploitation and/or 
fishing pattern. See also: MSY, fishing pattern, exploitation pattern-

The instantaneous fishing mortality rate at which the slope of the 
yield per recruit vs F curve is 0.1 of the slope at the origin-

Overfishing: 

A term describing a situation wherein the yield from a fishery is 
below the level of either maximum or some optimum sustainable yield per recruit, 
directly as a result of a fishing mortality rate which is higher than Fmaxtmu ■ 

or F o 'Pt t mum 

Growth overfishing: 

A situation wherein the fishing mortality rate has increased without 
a concomitant increase in yield, so that stock biomass is decreasing. In such 
stocks the adult biomass is reduced from some optimum level and the average age 
of the stock is decreasing. Although adult biomass is reduced it is not so low 
as to adversely affect recruitment; however, the fishery is likely to become 
more unstable due to its dependence on reduced number of age groups in the 
stock. The fishery may also become less profitable if the decrease in average 
age of the stock is also accompanied by a decrease in average size-
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Recruitment overfishing: 

A situation wherein the fishing mortality rate is so high that adult 
biomass has been reduced to the point where recruitment is diminished. Recruit
ment is likely to be highly variable and a succession of two or more poor year
classes may cause the collapse of the fishery. This situation is typified by 
catches consisting primarily of juveniles. 

Depleted stock:. 

Generally a result of severe recruitment overfishing; the stock is 
diminished to the extent that the fishery for adults has collapsed and there is 
danger that the· stock will cease to exist as a fishable body (commercial 
extinction). Recruitment is generally reduced by at least an order of magnitude 
from that at the MSY level of stock abundance. 

F. YIELDS 

Yield per recruit 

The expected yield in weight from a single recruit. The yield per 
recruit must be specified in the context of some set of fishing mortality rates 
and exploitation pattern. 

Surplus production 

The production of new weight by a stock plus the weight of recruits 
added to it, minus the weight lost through natural mortality. See also: 
sustainable yield. 

Sustainable yield (SY, equilibrium yield) 

That quantity, by weight, which a fishery will yield indefinitely, 
under some specified exploitation pattern. 

Maximum sustainable yield (MSY, maximum equilibrium yield) 

The maximum average yield that can be continuously (indefinitely) taken 
from a stock, employing the best possible combination of fishing effort, fishing 
pattern, and exploitation pattern. Such a characterization of yield carries the 
implicit assumption of stability in enviroranental and biological factors · 
influencing production, as well as optimal recruitment and survival. MSY values 
should normally be presented with a range of values around an estimate, The 
techni~ue of arriving at MSY may vary according to how various fisheries are 
managed. For example, if the fishery is managed on a recruitment basis, then the 
MSY may be attained by employing the best combination of exploitation pattern and 
age at first capture so that the spawning stock is maintained at the level yield
ing the largest recruitment. See also: maximum sustainable yield per recruit-
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Maximum sustainable yield per recruit 

The maximum yield, in weight, that can be obtained per fish recruited 
to a stock, using the best possible combination of fishing effor~, fishing 
pattern, and exploitation pattern. When recruitment and survival are optimal 
and stable then this yield per recruit is synonymous with M3Y; however, when 
the factors influencing production are variable, then the best possible 
combination of effort, pattern and exploitation will also be variable• 

Optimum sustainable yield (OSY) 

The maximum sustainable yield which has been altered, either plus 
or minus somt ~uantity, to reflect considerations other than biological ones, 
such as sociological or economic considerations, The OSY is, then, that yield 
which will produce the opt:1.li.:.!!•, b"'nefit from the fishery, however that may be 
defined, 

Optimum yield 

The yield from a fishery which will, over or at any specified period, 
allow the achievement of some previously determined management objective. The 
OY may or may not be synonymous with MSY or OSY and may be either higher or 
lower than these figures, It is desirable, when presenting an OY, to also 
present the management objective to be achieved and the time frame involved, and, 
wherever possible, the relationship between MSY or OSY and the _ proposed OY. 

Maximum net economic yield (MEY) 

The sustainable yield that maximizes the net economic value of the 
fishery, i.e., the value of the sale of the catch minus the costs of catching• 
The context of this economic value should be included in such a definition to 
avoid ambiguity. For example, the MEY to the fisherman would be different 
than the MEY to the processor. 

III, MANAGEMENT 

A, ASSESSMENT 

Area-swept technique 

A technique using trawl survey information to estimate stock biomass. 
Several methods in use but all are adaptations of Baranov (1918). The two most 
widely used methods are: 
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- Alverson & Pereyra (1969) 

where CPUE 1 is a standardized catch rate during time i and q = ! x c 

and 

where 

(b) 

q = 
a = 
A = 
C = 
Bt = 

Ka 
At 
C 

Bt/T1 

BT 

Abundance index 

catchability coefficient 
area covered by trawl 
survey area 
coefficient of vulnerability (or net coefficient) 
average biomass at instantaneous time, i 

- Westrheim et al• (1972) 

= area of bottom trawled per unft time 
= area of bottom in the i h depth interval 
= coefficient of vulnerability (or net coefficient) 
= mean biomass of organisms caught per unit time in 

the i th depth interval 
= total biomass of organism in the survey area 

The cumulative value of CPUE for each statistical block weighted by 
the proportion of the area of the statistical block which encompasses the range 
of the stock, If the fishing area ~_overs . the e~t:ire range of the stock, then 
the abundance index represents the relative biomass of the stock. Those blocks 
which are regarded to encompass the range of the stock are normally selected on 
the basis of a minimum qualifying level of CPUE for a block. Thus: 

where 

n 
d = 'E_ ( CPUE t x A 1) 

1=1 

d = abundance index 
A 1 = area of block i 

Average density index (ADI) (stock density index) 

The abundance index, d 1 divided by the total area of all blocks 
considered, thus: 

n 
ADI= d/ t At 

Scl 

See also: abundance index, 
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B. CATCHES 

In fisheries with some unit management control the following definitions 
are used: 

Total allowable catch (TAC); allowable catch; acceptable biological catch 
(ABC) 

The amount of catch which may be taken from a stock as determined . 
through some analytical procedure. This amount may be higher or lower than 
either MSY or OSY and in most instances is equal to the optimum yield, OY. 
TACs are normally set to achieve some management objective and it is advisable 
to present the management objective along with the TAC. See also: optimum 
yield. 

Domestic allowable catch (DAC); domestic annual.fisheries harvest (DAH) 

That portion of the total allowable catch which can potentially be 
harvested by the domestic fishing capacity. 

Foreign allowable catch (FAC) 

The total allowable catch minus the domestic allowable catch, i.e., 
that portion of the optimum yield of a stock which is surplus to the capacity 
of the domestic fishery. See also: total allowable catch. 

Escapement 

This term is generally restricted to salmon but may also apply to 
other interception-type fisheries where spawning organisms are intercepted 
immediately prior to spawning, The escapement is the number or weight of 
spawning organisms that escape or avoid various methods of entrapment and are 
presumed to continue to the spawning area and participate in spawning. 
Escapement values in salmon fisheries are the complement to the total allowable 
catch. 

Time/area closures 

Management procedures in which a specified area is closed to fishing 
for a specified length of time. These procedures are generally undertaken to 
reduce fishing mortality on a stock or some segment thereof. 
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c. ANALYSES 

Surplus production analysis (after Graham 1935 and Ricker 1975) 

The instantaneous rate of surplus production from a stock under 
equilibrium conditions has been postulated to be directly proportional to stock 
biomass and the difference between its existing biomass and the maximum biomass 
which the environment can support. This relationship may be expressed as: 

where 

dB Bk(BO) - B) 
dt = Bm 

dB dt = rate of surplus production of the stock 

BO)= maximum possible biomass of the stock 

B = stock biomass 
k = instantaneous rate of incr~ase of the stock biomass at densities 

approaching zero 
t = time, in years if recruitment is an annual phenomenon 

If the surplus production of this equilibrium stock is taken by fishing, 
then dB/dt = equilibrium yield, YE• The relationship between equilibrium yield 
and stock biomass is parabolic. Surplus production analysis then, is the 
procedure of determining k and BO), for the purposes of calcuating the maximum 
equilibrium yield from the stock. These values are necessary because this maximum 
yield is obtained when stock size is Boo/2 (or(Ba/4)x k). Several assumptions of 
the Graham model should be stressed, since the model may not be appropriate if they 
are not met. 

1. Assumes that under stable fishery conditions the stock will tend 
to some equilibrium level. 

2. Assumes that stock responses to perturbations are instantaneous 
and not age-structure dependent, unless equilibrium situations 
are being compared. 

3. Assumes that there is a density dependent relationship for the 
population size, associated with some maximum carrying capacity 
of the environment. 

4. Assumes that the relation between equilibriurn ·yield and stock 
biomass is parabolic, i.e., that the equation shown actually 
applies. 

Virtual population analysis (VPA) 

A procedure developed by Gulland (1965) which calculates estimates of 
population-at-age of a year-class and the instantaneous fishing mortality rate, 
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given knowledge of catch, subsequent population size and the instantaneous 
natural mortality rate. The procedure is based on the following equations (after 
Gulland 1977): 

where 

(a) Vn 
T = I: Cl 
II 

1 
(b) S II = V11 ~1 /V n 

(c) En = V11 /N 11 

the 'virtual populatiou' at age n where 
T = age of oldest age group used in the 
calculation; 

- the first estimate of the proportion of 
fish surviving the n th year of life; 

- rate of exploitation, or proportion of 
fish age n, which will ultimately be 
caught; 

(d) = Vn.1/Entl = 1 'S~ r 11 = N11t-1/Cn __.,.,;;;,.;;;;..;._....,__ 1 51 

V = virtual population 
C = catch 
S1= survival 
E = exploitation rate 

C11 Entl - n 

- Catches during yearn, as a proportion 
(possibly> 1) of the population at the 
end of the year. 

r = catch of fish during a year as a proportion of those surviving 
the year. 

Using a trial value of Mand F for the oldest age group, then 

(e) 
= (F + M) exp - (F + M) 

r n F[ 1 - exp - (F + M) ] 

For any given M value, this expression may be expressed as a function of F. 
Therefore, the known rn value, Fn can be calculated and subsequently from (e). 

En can also be derived; similarly for Fn-1 1 rn-1 1 etc. 

Cohort analysis 

A technique developed by Pope (1972) to overcome the shortcomings of 
virtual population analysis due to the fact that VPA yields no analytical solution 
for F and the concomitant ignorance of the effects of input errors, especially the 
estimate of Ft• Cohort analysis is usable within the range M < 0.3 and F < 1.2, 
as the following equation: 



where 
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N l = N 1 .. 1 exp(M) + C1 exp (M/2) 

N 1 = population size of the year-class at the it h birthday 
M = instantaneous rate of natural mortality 
C t = catch of year-class at age i 
exp= the exponential function 

If N 1. 1 , C 1 and M are known, .then (i) can be used to obtain Ni. 

(i) 

Using: 

N 1,1 exp(M) = N t exp(-F1) 

to obtain Ft, equation (i) is then used iteratively to obtain the other Ni values. 

If C1 is available then N;.1 may be calculated using the more involved formulae of 
Pope (1972 ) • 

Yield per recruit analysis 

Several techn1ques available, the best-known being that of Beverton and 
Holt (1957). Assuming some equilibrium stock situation, these techniques ·determine 
the optimal combination of age at first capture, tc, and fishing mortality, F, 
which will result in the largest yield in weight per recruit(= maximum sustainable 
yield per recruit). 

Leslie and Davis (1939) and DeLury (1947) methods 

Both of these methods are used in estimating initial population sizes 
based on the curnulative history of the fishery. These data may then be used to 
review the historical fishing mortality and apply this information to current 
management strategy, Both methods are based on the assumptions that CPUE is 
directly proportional to population size and that natural mortality is balanced by 
recruitment, The modified Leslie and Davis formula is: 

where 

CPUE t = qNo - qK t 

Kt= cumulative catch at the start of the interval t, plus half of 
that taken during the interval 

N0 = original population size 
q = catchability coefficient 

Plotting CPUEt against Kt yields a line whose slope is q, The Y-axis 
intercept is qN 0 , The DeLury method is similar: 
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where Et is the cumulative effort counterpart of Kt in the Leslie equation. 
Similarly, then, the plot of the DeLury log10 CPUEt against Et yietds a line with 
slope 0.4343q and a Y-axis intercept of logia (qNo)• 

These methods are based on an assumption of constant catchability over 
the period under examination. In many stocks this assumption is not met over the 
course of several years and especially when biomass is significantly affected by 
fishing activities. The other assumption of critical importance in the use of 
these techniques is the assumed equality between the rates of natural mortality 
and emigration/dispersion and those of recruitment and immigration. Failure of 
either of these assumptions most often results in overestimation of stock biomass, 
especially when the level of exploitation is high. 

rv. MISCELLANEOUS TERMS 

MARMAP: Marine Resource Monitoring and Assessment 
Program conducted by the National Marine 
Fisheries Service off the coasts of the 
United States. 

OCSEAP: Outer Continental Shelf Environmental 
Assessment Program. A United States 
program to provide an environmental 
assessment of the continental shelf area 
off the northeastern Gulf of Alaska and 
the eastern Bering Sea. 

FCMA: 

Commercially extinct: 

Status/state/condition of stock: 

Fishery Conservation and Management Act of 
1976 established by the United States to 
extend fisheries jurisdiction up to 200 
nautical miles as of March 1, 1977. 

Refers to a stock which is at such low 
abundance that it is no longer economically 
viable to exploit, i,e,, where the economic 
yield of the fishery is negative, Generally 
in reference to stocks which have been 
overexploited, however, may also refer to 
stocks depleted through natural processes 
or catastrophic events, 

A general, subjective term intended to 
indicate the general health or quality of 
a stock. 
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Referring to the effects of factors 
upon or within a population, the factors 
are density independent if their effects 
or actions are constant regardless of the 
number of individuals in a•population or 
their density. The factors are density 
dependent if their effects on the 
population vary with population density. 
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