
')î^

The 1977-78 Purse-seine Sk¡piack Fishery
in New Zealand Waters

G. Habib
l. T. Clement
K. A. Fisher

Fisheries Research Division Occasional Publication No. 25



I

The '1977-78 Purse-seine Skipjack Fishery
in New Zealand Waters

By C. Habib,
l. T. Clement*,
and K. A. Fisher

*Fisheries Management Division,
Ministry of Agriculture and Fisheries,
Tauranga

Fisheries Research Division
Occasional Publication No. 25

1 980



Published by the New Zealand Ministry of
Agriculture and Fisheries

Wellington

l9to

ISSN 0r10-1765



Contents

Introduction
Materials and methods

Vessels
Observer programme
Definitions of effort
Standardisation of fishing effort
Abundance
Comparisons with other s€asons ...

Results and discussion
Distribution and apparent abundance of skipjack
Skipjack concentrations-'¡bodi6s" of fish . ..
Early season sightings, 25 December to l0 January,
Sightings, ll-27 Jan:.nry, north-east North Island
Sightings, 25 January to end of season, Bay of Plenty .. .

Sightings, mid February to end of season, north-east North Island

nortl-east North lsland
7

l5
l5

Page
5

5
5
5
6
6
7

7

7

7

20
20
2T

2r
22
23
23
23
24
24
25
27
28
29
29
29
29
29
32
33
34

35
35
37
37
38
38
39

40

+l

l5
20

Sightings, late February-early March, west
Sightings, west coast South Island
Sightings, l0 March to end of season, west coast North Island ..,
Sightings, Hawke Bay
Sightinç, 1976, 1977, and 1978 seasons
Fluctuations in apparent abundance
Apparent abundance, catch, and fishing power
An estimate of real abundance
School size
Effort in the skipjack fishery
Catch and effort by month
Catch and effort by area ...
Catch and effort by depth
Catch and effort by water colour
Catch and effort by time of day
Catch and effort by moon phase
Catch and effort by sea surface temperature..
Sea surlace temperature measurements from satellites in relation to the skipjack fishery
Purse-seine fishing and the l2-mile territorial sea
Annual catch rates
Comparison of New Zealand, and eastern tropical Pacific tuna fisheries .. .

Biology ,..
Length-f requency dis tributions
Length-weight relationship
Age and growth
Food and leeding
Gonad condition
Skipjack population identification...

Summary

coast North Island...

Relerences



lntroduction

Since successful purse-seine surveys of New
Zealand's skipjack (Katnwonus þelamis Linnaeus,
1758) resource were carried out in 1974 and 1975
(Hinds 1974, Eggleston 1976), there has been a

rapidly developing summer fishery for this species.
Landings have risen from 5000 t in 1975-76 (1976
season) to 9500 t in 1977-78 (1978 season). Each
season the Ministry of Agriculture and Fisheries
(MAF) has monitored catch-per-effort of the
commercial fleet fishing skipjack and related this to

Vessels

These were Apollo (1558 gross tonnes, 79 m overall
length, 2000 t carrying capacity); Zapata Discouerer
(1499 t, 69 m, 1650 t); Michelangclo (1066 t, 62 m,
1270 t); Keti M (930 t, 54 m, 740 t); Finisten¿ (1063 t,
62 m, I150 Q; Voyagcr (1472 t, 73 m, 1600 t); Janet D
(498 t, 35 m, 330 t); San Bmito (248 t, 33 m, 120 t);
Marin¿ Countess (135 t, 27 rn, l3O t); and Lindberg
(159 t, 23 m, 90 t).

The first four vessels fished under charter to New
Zealand Pelagic Fisheries Development Company
(1976) Limited with Finistene, the company-owned
vessel. These vessels, which operated in the eastern
Pacific Ocean tuna fishery outside the New Zealand
season, travelled to New Zealand during November-
December for the skipjack season.

Voyager joined the New Zealand, fishery from Papua
New Guinea in February and fished on a freelance
basis outside the l2-mile territorial sea.

The remaining vessels, operated by other New
Zealand companies, joined the skipjack fishery from
other New Zealarrd pelagic fisheries.

T'he vessels' nets ranged from 640 to 1463 m (2100
to 4800 ft) in length and 64 to 252 rn (210 to 827 ft) in
depth.

environmental parameters, skipjack biology, and
fluctuations in size of the skipjack resource. The
results of observations on earlier seasons were
presented to the fishing industry and others at
conferences in 1976 (Clement 1976, Habib 1976,
Vooren 1976) and 1977 (Clement 1978a, Eggleston
and Paul 1978, Habib 1978a, Richardson 1978). This
publication presents information on the 1977-78
(1978) purse-seine skipjack fishery in New Zealand,
which was previewed by Habib (1978b).

Materials and methods

Observer programme
As in previous seasons, the Fisheries Divisions of

MAF placed obscrvers al¡oard the purse-seine vessels
to record:

1. Vessel activity, subdivided into time and place
searching and fishing, travelling, at anchor or in
port carrying out repairs or survey requirements,
discharging fish, taking stores, sheltering from
poor weather, or taking time off,

2. Vessel fishing activity with location, date, time,
depth, size, and success of sets.

3. Weather and sea conditions,
4. Location and size of surface schools of skipjack

and other pelagic fishes.
5. Lengths of skipjack and other species in the

catches.
6. Reproductive state, food contents, and details of

blood samples from skipjack.
Skipjack fork lengths were measured to the whole

centimetre below the actual length in samples of fish
from all catches taken while observers were aboard
the vessels. For studies on reproduction and feeding, 5

to 20 fish were dissected from occasional catches. The
developmental stage of the gonads was judged by use
of criteria described by Orange (1961) and Raju
(l96aa). Stomach contents were either identified ¿z

situ or stored frozen for later identification ashore.



Blood samples were collected from seven skipjack
catches by the method outlined by Sharp (1969).
These were for continuation of genetic studies on
skipjack subpopulation identification.

Ministry of Agriculture and Fisheries logs were also
kept by observers and pilots in "spotter" aircraft
flying in support of the skipjack fishery. Sightings of
numbers and sizes of schools were recorded with notes
on the date, time of day, locality, weather, and sea
state. Most observations were made from commercial
Iish-spotting flights, supplemented by observations
from wider-ranging MAF aenal surveys. These
surveys were conducted around the North Island and
part of the South Island in November-December lg77
(Clement and Habib 1978), January and April l97B
(Clement 1978b), and May 1978 (Clement lg78c).

The areas from the Bay of Plenty to North Cape
received the most consistent and intensive sightings
effort. llowever, as the season progressed and the
location of the fishery changed, effort was also
directed at west coast waters of both North and South
Islands and at Hawke Bay (Clement 1978d).

Schools of skipjack were located and identified and
school sizes estimated by use of criteria outlined by
Bell (1976). These tasks were carried out by spotters
with specialised training and considerable experience
gained over several years of assisting pelagic fishing
vessels (for discussion of these requirements see
Squire 1972).

Sea surface temperatures were available from three
sources: observers used insulated bottles to record
temperatures from the purse-seine vessels; an infrared
thermometer (described in Robertson 1975) in one of
the spotter aircraft recorded temperatures; and, as in
1977 (Eggleston and Paul 1978), MAF received sea
surface temperature charts for the New Zealand
region from the National Environmental Satellite
Service in the National Oceanic and Atmospheric
Administration of the United States Department of
Commerce. The manner in which the satellites
measured the temperatures and the limitations of
these data are discussed in Eggleston and Paul ( I 978) .

Definitions of effort
In the following analyses a season-day is defined as

any day that a purse seiner spent in activity related to
the skipjack fishery. This includes days spent
searching and fishing, travelling, in port, at anchor, or
at sea drifting and days taken off. Days fished ale
days on which a net was set or searching activity
occurred with the aim of setting. A set is defined as
any time a net was released into the water to entrap a

skipjack school and then retrieved; and sets were
successful if at least I t of skipjack was caught, even
if this represented only part of a school.

The ranges given with mean catch-effort data refer
to the range of catch per unit of effort between the
performances of the top and bottom vessels in the
purse-seine fleet.

Standardisation of fishing effort
Generally a stock of fish has different vulnerability

to different types of fishing gear. In purse seining for
tuna, large vessels catch more fish per unit of effort
than small vessels. They are therefore said to have a
higher fishing power than small seiners. To use a
homogeneous measure of fishing effort in assessing the
dynamics of a tuna fishery in which different sized
purse seiners are used, the amount of effort expended
by each vessel or class of vessel must be related to that
which would have been expended by some "stan-
dard" vessel or class of vessel in catching the same
amount of fish. In this way, in any given time and
area, the total amount of standard effort used can be
calculated irrespective of the composition of the fleet.
The standard effort can then be related to the total
catch taken in that time and area.

A measure of relative fishing power is used to
standardise fishing effort. It is usually obtained by
relating the catch per unit of effort of a vessel or class
of vessel to the catch per unit of effort of the standard
vessel or class of vessel.

Catch of skipjack per day fished was computed
from logbook data for each vessel in the New Zealand,
fleet for each area by 2-week periods. These data were
analysed by the maximum likelihood estimates
method outlined by Joseph and Calkins (1969). The
fishing power of each vessel was estimated relative to
the standard vessel K¿m'M.(This vessel was chosen
as the standard because its size and fishing
perlormance were near the mid point for the fleet.)
Each day fished by Keni M was a standard day
fished. Days fished by all other vessels were then
standardised according to their fishing capabilities
relative to those o1. Kcni M. For eacl¡ K¿ni M
standard day fished, the equivalent number of
standard days fished by the fleet ranged from 3.35 for
the top vessel to 0.24 for the bottom vessel. That is,
the top vessel had 3.35 times the fishing power o1 Kerri
M and therefore each day it spent fishing was equal to
3.35 standard days. Conversely, the bottom vessel had
to do 4 days' fishing for every standard day fished.

Køri Mwas also the standard vessel during the last
two seasons. Flowever, because the composition of the
fleets and performance of the vessels changed between



seasons, the range of standard days fished for each
Kcni M day in 1976 was 1.70 (top vessel) to 0.31
(bottom vessel) and in 1977, 4.06 to 0.13.

Abundance
Two measures of abundance are used in this

publication, apparent and real abundance.

has been defined by Marr
( as affected bY availabilitY,
o fish accessible to a fishery."
In this publication apParent abundance refers to the
quantity of fish which was aPParent at the surface
each hallday and which was accessible to the Purse-
seine fleet on each half-day. It should, however, be

appreciated that in adding together such amounts,
fish which were quantified on one half-day probably
often contributed to subsequent hallday totals.
Therefore the total of all half-day measures of
apparent abundance does not rePresent the quantity
which could have been taken in the fishery and is to
some extent an overestimate.

.However, moderating this overestimate are other
factors which probably caused the measure of
apparent abundance on each half-day to be
underestimated. These factors are the cursory nature
of much sightings effort, the inadequate sightings
effort in all skipjack fishing areas at some time during
the season (see Table l), and the movement of schools
through the different levels of the sea during the day,
which would have resulted in some proportion of the
skipjack resource passing through the New Zealand
region unsighted.

Real abundance, which is discussed more fully
later, refers to estimates of the absolute quantity of
skipjack which passed through New Zealand waters.
This measure was largely free ol double sightings.

Comparisons with other seasons

Throughout this publication comparisons are made
between the l97B season and previous seasons. This is
done to show the changes from one season to another,
and possible explanations are given for these changes.

Skipjack concentrations-"bodies" of fish
Much of the following discussion centres on the

concept of a "body" of fish. Often during the season
when a large quantity of skipjack was present off the
coast, the fish were found in a number of schools
distributed in a defined area. Such groups of schools,
here referred to as bodies, tended to move along the
coastline as discrete units and, in terms of distribution
and abundance, were studied as units,

Results and discussion

Distribution and apparent abundance of skipjack
Skipjack were seen in New Zealand waters from

25 December 1977 to 30 May 1978. Hallday
estimates of quantities were derived for each area
investigated throughout the season (Fig. l, Table l),
and these estimates were totalled to yield overall half-
day estimates for all areas (Fig. 2). Each day's
spotting effort could usually be divided into morning
and afternoon periods, and during each half-day
period it was usually possible to eliminate double
sightings of schools and so derive good estimates of
the quantity of fish present at the surface.



Fig. l: Set positions and quantitics (t) ol skipjad caught by area in the 1978 purse-seinc sLipjack fishery in New
Zezland,.
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TABLE I I Sightings effort from aircraft ( + ) and purse-seine vessels (x) by half.day by area in the 1978 purse.seine skipjack fiahery
in New Zealartd-continu¿d
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Early season sightings, 25 December to
l0 Januaryr north-east North Island

Although searching began on I December, the first
skipjack were not sighted until Christmas Day. They
were in two schools totalling about 120 t of fish on
"the Cross", the position east of Great Barrier Island
where latitude 36" S crosses longitude 176" E. During
the following l2 days, up to 1950 t of skipjack per half-
day appeared in this area and moved slowly as a body
of fish north-west along tlre edge of the continental
shelf (that is, along the 200-m depth contour) to east
of Cape Brett (Fig. 3). Many large schools, some
containing up to 400 t of fish, were sighted during this
period. For example, on 2 January 1978, 16 large
schools were seen. During the second week in January
sightings in this area declined signi{icantly. There
were no sightings at the end of December because of
poor weather (see Fig. 2).

Although there was sightings effort around most of
the North Island in December and early January, the
only other sighting of skipjack during this period was
of an 80-t school off Cavalli Islands (area B) on
3 January.

Sightings, ll-27 January, north-east North
Island

On ll January another body of skipjack appeared
on the Cross. This moved to north of Mokohinau
Islands and remained there in often large, stable
schools for over a week (Fig. a). On l8 January l0
schools were sighted there of 100 t to 250 t; on

20 January there were 20 large schools. The largest
sightings were during the afternoon. These built up
from 500t on the llth, through 650t on the l4th,
I 120 t on the 16th, 1875 t on the l8th, to2975 t on the
20th. Sightings then rapidly declined to 200 t on
26 January. No fish were seen on the Cross on the
27th. The maximum morning sighting during this
period was 2345 t on 20 January.

The only other sightings outside area C during this
period were of 200 t (3 schools) north of Cavalli
Islands on the 15th, and 492 t (69 small schools)
north of North Cape on the l6th, Most of the sightings
effort was restricted during this time to the north-east
coast of the North Island between Bay of Plenty and
North Cape (see Table l). The fish seen off North
Cape were possibly the forerunners of another body of
skipjack. Ilowever, despite regular surveys through-
out the season, this was the only significant sighting in
the north. Schools were seen there on only three
further occasions.

Sightings, 25 January to end of season, Bay of
Plenty

During the last week of January, skipjack schools
were sighted for the first time in the Bay of Plenty
(Fig. 2, area D). Quantities of fish built up to 694 t on
8 February, and 300 to 650 t showed on most
afternoons through to that date. Sightings then
declined to the end of February; only on occasional
days were more than 100 t seen, and on many days
none were seen at all, No skipjack showed in this area
in March and only small quantities in April and May.

oo
x

ou

Fig. 2 (above and following pages): Half-day sightings and catches by area and for all areas combined during the 1978 skipjack season in
Ñew Zealand, and hall-day percentages of fishing power used by the purse-seine fleet.
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Sightings, mid Februa¡y to end of season,
norúr-east North lsla¡rd

In mid February large quantities of skipjack were
again sighted off Great Barrier Island on the Cross.
Between I I and l8 February some of these fish moved
north-west along the shelf edge to north of Poor
Knights Islands and others moved south to The
Aldermen Islands (Fig. 5). Sightings of up to 1843 t
per half-day were recorded during this period (Fig. 2).
Ilowever, after 14 February quantities seen declined
and sightings effort through to the end of May failed
to find any further large numbers in this area.

Fig. 5: Daily location of the main concentration of skipjack off
the north-east coast of the North Island, ll to l8 February
1978.

Sightings, late February-early March, west coast
North Island

During February, skipjack were also sighted off the
west coast. The first sightings were on 25 February off
and south of Kaipara Harbour (Fig. 2, February,
areas K and J). Over the next 5 days these fish moved
south-west along the shelf edge to west of Tirau Point
(Fig. 6). Quantities increased during this time to
almost 600 t per half-day (Fig. 2, February, area J).
Between 3 and 7 March there was little sightings
effort in this area.

Fig. 6: Da.ily location of the main concentrarion of skipjack off
the west coast of the North Island, 25 February to 2 March
1978.

Sightings, west coast South Island
In early March, skipjack were sighted to the west of

Cape Farewell in the Soutl Island (Fig. 7). Quantities
increased rapidly from 610 t on I March to a
consen¡atively estimated 5000 t on 3 March (Fig. 2,
March, area I). Most schools seen on that day
contained over 100 t of fish; many were larger than
200 t and some exceeded 400 t. On 4 March the
quantity seen fell to 450 t, on the sth 100 t, and no fish
were seen off this coast on the 6th and 7th. flowever,
on the 8th fish were found to the south (Fig. 2, March,
area H). Searching in this area earlier in March had
been unproductive and therefore it seems likely that
the fish which had been off Cape Farewell had moved

AUCKLA ND

20
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Fig. 7: Daily location of the main concent¡ation of skipjack off
the north-west coast of the South Island, I to I I March 1978.

south. Quantities were 970 t on 9 March and 300 t on
I I March. Flights off the west coast of the South
Island on 20 March and I April saw no signs of
skipjack.

Sightings, l0 March to end of season' west coast
North lsland

At about the same time as sightings decreased off
West¡rort, fish were again found west of the North
Island near Gannet Island. They moved south-west in
a similar manner to those recorded in this area in late
February-early March and finally disappeared from
the surface west of Tirau Point on 15 March (Fig. 8).
It is thought that the fish seen earlier in this area
disappeared in the same way (see Fig. 6).

While the above body was moving south-west
another body, which appeared north of Manukau
Harbour on l0 March, also moved south'west to
arrive off Tirau Point on l8 March. Skipjack
remained in this general area until the end of the
month (Fig. 9).

We believe that at least a further rwo bodies of
skipjack moved south-west off this coast during the
second half of March. This is based on sightings off

Kaipara Harbour on l5 March and Manukau
Harbour on the l Tth (one body) and a large
concentration of fish seen north of Gannet Island at
the end of March (another body). In addition, the
quantity of fish seen off this coast increased
significantly from about 340 t on l0 March to 3400 t
on the 22nd. It is possible that several bodies of fish
contributed to this high total. Quantities then fell to
I90 t on 3 April (Fig. 2, April, area J).

Sightings, Hawke Bay
In February and March skipjack were sighted in

Hawke Bay (Fig. 2, February and March, area E).
Quantities increased steadily from 345 t on I March
to 800 t on the l3th. Schools ranged in size from 2 to
150 t and were located mostly in a small area about

Fig. 8: Daily location of the main concentration of skipjack off
the west coast of the North Island, l0 to 15 March 1978.
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Fluctuations in apparent abundance
These were considerable (see Fig. 2) and coincided

largely with the appearance and disappearance of
various bodies of skipjack which moved through the
New Zealand area during the season. Reports on
earlier seasons (Clement 1976, 1978a) indicate that
similar fluctuations occurred as bodies moved
through the area. Flowever, the underlying reasons for
such movements remain unclear. What seemed to be
possible correlations between fluctuating quantities of
skipjack, changing weather patterns, and moon phase
in 1976 (Clement 1976) have not been borne out in
later seasons (Clement 1978a, Habib 1978b).

Apparent abundance, catch, and fishing lrcwer
Apparent abundance was little affected by the size

of catches or the amount of fishing power used to
make the catches (see Standardisation of fishing
effort, page 6). A summary of the data in Fig. 2 (see
Table 3) shows that of skipjack sighted, only a small
proportion was caught. This ranged from 57o in the
morning in February-March to 28o/o in the afternoon
in April. On average, only about 6Yo ol the fish seen
durirrg the mornings was caught, and l2Io during the
afternoons. Similarly, the fishing power used to make
the catches was small. Only about 3O%" o1 the fleet's
catching capability (that is, possible fishing power or
full effort by the whole fleet) was used during the
season (Table 3). These observations seem to indicate
that the resource was under little pressure from
fishing, a contention supported by the following
examples.

On 29 December 1977 otr Great Barrier Island (see
Fig. 2, December and January, area C) the morning
sighting of skipjack at the surface was 795 t, of whictr
72 t was caught. In the afternoon the quantity seen
increased to 940 t, of which 190 t was caught. Poor
weather prevented fishing until I January 1978. On
the morning of the lst, 360 t was seen, of which l0 t
was caught. Despite a further 270 t being caught in
the afternoon, the quantity of fish still at the surface at

the end of the day was over 1600 t. Over the next 3
days a further 977 t was caught, and yet by the
evening of the 4th there was still over 1500 t at the
surface in this area. Fishing power used throughout
this period was consistently about 407o.

On the morning of 13 January (see Fig. 2,January,
area C) 75 t was seen, of which 25 t was caught, and
yet the afternoon sighting increased to 390 t. Over the
next 7 days almost 1800 t was taken in catches, yet
during this period the quantity seen rose steadily to
over 2900 t. Although only a further 19 t was caught
in this area over the next 5 days, the quantity seen
declined rapidly until no fish were seen. Fishing
power used was once again consistent at about 357o.

These and similar examples (see Fig. 2, March,
area J) show that there were large natural fluctuations
in apparent abundance of skipjack. It is impossible at
this stage to say what factors might have influenced
the fluctuations; however, it is clear that the level of
fishing in New Zealand was not one of them. Because
of this and the great increase in abundance which
occurred despite the large catches, we believe tlat the
amount of fishing and the quantity taken could have
been doubled without having a measurable efiect on
the apparent abundance of skipjack. This belief is
only intuitive and will need to stand the test of further
research.

An estimate of real abundance
If the concept of bodies of skipjack is accepted (see

page 7), a measure of real abundance can be gained
for each body by addition of the largest half-day
sighting of each body to the quantity of fish caught
from it before the largest sighting (Table 4). For
example, the body which moved nortl¡-west through
area C between 25 December and 6 January produced
a maximum sighting oI 1950 t on the afternoon of 2
January. Before that, the vessels had caught 651 t
from the body. The estimated amount of fish in that
body was the sum of the sighting and the catch, that
is, 2601 t.

Alternoon
Quantity 7o caught 7o of possible
caught of quantity fishing power

(0 sighted used

TABLE 3: Quantities of fieh seen and caught, and percentaç of the fleet's fishing power ueed to make the catches, by haff-day in
the 1978 puree.seine skipiack fishery in New Zealand

Quantity
sighted

Month (0

Dec 595

Jtt, 14 206
Feb 5 781

Mar 15 002
Apt 90
M.y 258

Total 35 932

Morning
Quantity 7o caught 7o of possible Quantity
caught of quantity fishing power sighted

(Ð sighted used (t)

65 ll 20 | 225
833 6 41 23 813
312 5 31 l0 601
768 5 39 26 207
20 22 59 3+2
00r00

l 998 6 30 62 188

290
3 37r
l 690
2 082

95
0

24 t7
t4 25
16 3l
839

28 42
00

23

7 528 12 3l



TABI.E 4: Eetimated mini¡¡¡¡¡¡ re¡l abunda¡ce of skipjack in tåe New Ze¡land region duriag tåe 1978 s€a¡on

Period that
bodies present

25 Dec-9 Jan
2 Ja"
ll-23 Jan
t5 Jan
16 Jan
26 Jan-14 Feb
l0 Feb
ll-18 Feb
24 Feb
26 Feb--2 Mar
2-ll Mar
lÈ15 Mar
lÈ18 Mar
lL31 Mar
2È31 Mar
8-21 Mar
7-31 lùlfay

Date
lJ-
2 lalr
8 Jan

14 Jan
l8 Jan
20 Jan
29 Jan
4 Feb

13 Feb
3 Mar

12 Mar
13 Mar
14 Mar
l5 Mar
15 Ma¡
l8 Mar
22 lÙ'dar

2 601
80

4 558
200
492

1 762
b5

2 034
9

694
5 186

2 +23
2 500
I 700
r 700

886
50

A¡ea

c
B
c
B
B
D
B
c
B
J

H, I
J
J
J
J
E
D

Max,
sighting

(t)

r 950
80

2 975
200
+92
694
65

I 843
9

575
5 000
r 800
2 500
t 700
I 700

815
50

Catch from body
before max.
sighting (t)

651
0

I 583
0
0

I 068
0

l9l
0

l19
186
623

0
0
0

7l
0

Estimated min.
real abundance

(Ð

Position

By summing similar estimates for all bodies seen
and adding the isolated fish which probably did not
contribute to any of tJre main bodies (for example,
Table 4, 2 January), it was possible to derive a
measure of real abundance of fish for the season. This
measure, which was aknost 27 OOO t, is largely free of
double sightings, as it was based on half-day sightings
which recorded schools only once.

The measure of real abundance should be regarded
as a minimum, as it is unlikely that the largest half-
day sightings recorded all fish in the bodies or that all
bodies which passed tlrough the New Zealand area
were seen. Furthermore, little account was taken of
the large number of scattered fish which were present
throughout the New Zealand, area during the season.

Our conse¡vative measure of real abundance was
almost three times the catch taken.

26 940

School size
A feature of the 1978 season was the abundance of

large schools seen (Table 5). Smaller numbers of large
schools were seen in the fishery throughout the
season. The average size of school was 33 t in the
morning, 70 t in the afternoon, and 39 t per d^y-
considerably larger than the 25 t average on any day
in 1976, and 23 t in 1977 (Clement 1978a).

Effort in the skipjack fishery
The season was about 4 months long, beginning on

Christmas Day and finishing in April. During this
time the fleet worked 806 season-days (Fig. l0).
Changes from L977 (see Habib 1978a) were in
number of season-days (up 9 days), number of days
searching and fishing (down 52 days), number of days
spent travelling (up 52.5 days), number of days spent

TABLE 5: Notable concentrationc of large ¡chools ¡een in the 1978 purse-eeine skipiack fishery in New Ze¡land

No. of
schools

t0
16
t2
t0
l0
20
I
6

26
l0
I

l0
10

7
l0
l0

Size of
schools (t)

l0È400
100-250
100-200
10È150
r2È250
t0È150
l0Gt50
100-200
loGl50
l0Ho0
l0È200
l0È200
101200
100-250
t0È150
10G200
l0È200

35039'S,
35'35',S,
35'33'S,
35'33'S,
35'43',S,
35"40'S,
37042'S,
37"27',5,
36008',S,
44"47'5,
380t3',S,
39'41',S,
38'11',S,
3go3g's,
38022'S,
38008'S,
38000's,

75"t2',E
75'15'E
75'09'E
75"12'E
75"52',E
75"32', E
77"14'E
77"&'E
76000'E
71o35'E
73"50' E
77"t3',8
73"26' E
77"20'E
73024'E
73"57',E'
7+O04'E

General a¡ea
N of Mokohinau Is
N of Mokohinau Is
N of Mokohinau Is
N of Mokohinau Is
NE of Great Barrier I
N of Great Ba¡¡ier I
Bay of Plcnty
Bay of Plenty
E of Great Barrier I
W of Kahurangi Pt
W of Tirau Pt
Hawke Bav
W of Tiraí Pt
Hawke Bay
W of Tirau Pt
W of Tirau Pt
W of Gannet I

24



4ó doys lost through weother

up and down through the water column. Future
observations should show how closely tied the first
appearance of skipjack in northern New Zealand
waters is to the first encroachment of waters of
favourable temperature on northern shores.

Although there was more fine weather than in the
previous season, fewer days were spent searching and
fishing. This resulted largely from the fishing time lost
by Apollo in January while she underwent extensive
repairs after running aground. These repairs also
contributed to the increase in time spent on repairs by
the fleet compared with last season.

Travelling time increased, mainly because three of
the large seiners made mid-season trips to Pago Pago,
in American Samoa, to offload. Only one vessel made
such a journey last season. Travelling occupied time
that the vessels could have spent searching and
fishing.

Catch and effort by month
During the 401 days fished, 9526 t of skipjack were

caught; 355 t in December, 420+ t in January, 1993 t
in February, 2859 t in March, and I l5 t in April
(Fis. l1).

Effort, measured as number of season-days, days

fished, standard days fished, sets, and successful sets

generally peaked in February-March (Fig' l1' left-
hand anis). However, the best catch rates were in

vessels.

As in past seasons, the rise and fall of catch and
effort resulted partly from fluctuations in the number
of vessels in the fishery (4 in December, I in January,
l0 in February and March, 5 in April). The quality oI
vessels on the fishing grounds also influenced catch
and effort. For example, though all vessels fished in
February and March, the vessel with the greatest
fishing power fished only 2 days in February, but 16

days in March. As each day that this vessel spent
fishing contributed 3.35 standard fishing days to the
monthly totals, its greater effort in March accounts for
the larger number of standard days fished in that
month compared with February (Fig. I l). This vessel
was one of the two absent from the fishery in January,
and consequently effort during tlrat month was low'

Catch and effort also rose and fell because of
fluctuations in the availability, size, and "catchabil-
ity" of the skipjack resource. During the first and

39 doys off

\

Fig. l0: Days fished and days lost in the 1978 purse-seine
skipjack fishery in New Zealand.

on repairs or suryey (up 47.5 days), and number of
days spent discharging fish and/or taking on stores
(down 21.5 days). Fewer days were lost through
weather (down 5l days), and 38.5 days were taken off
for reasons such as the Christmas holiday period.
Similar comparisons can be made with the 1976
season (see Habib 1976 for a description of effort in
the 1976 season).

An additional measure of effort in 1978 was
standardised fishing days, of which there were 441.
Analysis of data from earlier seasons showed that
there were 214 standard days fished in 1976, and 1007
in 1977.

The season was later starting than tÌ¡e previous one,
when the first skipjack were seen and caught near
North Cape on 22 November 1976. Sea temperatures
were favourable for skipjack in northern North Island
waters from late November 1977 (see page 32). It is
therefore possible that skipjack were present earlier
than Christmas Day, though sightings effort by
spotter aircraft through November and December
failed to find them any earlier. Spotter aircraft search
large areas of sea at speed, effectively scrutinising
narrow bands of water only briefly. This type of
searching can easily miss the highly mobile skipjack
schools, which swim not only at the surface, but also

401 doys seorching ond

f ishing

50%

llZ doys lost
through repoirs/survey

l3ó doys

trovelling
17"1"
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Area J (west coast North Island) was next in
importance; about one-quarter of the season's catch
was taken here with about one-quarter of the fishing
effort. This was proportionately more of the season's
c¿tch than in 1977 (14.9o/o), and much more than in
1976 (3.1%). As in previous seasons, tfris area was
fished in March.

The fish were less catchable than those in area C
and therefore the catch rates were lower (Table 6).
However, in the last two seasons there has been a
trend towards fishing deeper nets; in 1977 the deepest
was 165 m, and in 1978, 252 rn, Coincidentally or
otherwise, 331o ol. sets made in area J in 1977 were
successful, and 4|o/o in 1978. We believe that the rate
of success in this area will continue to rise as the move
towards deeper nets becomes general. As already
suggested, the greater water clarity may have been
implicated in the lower success rate of sets in this area
compared witå area C. Deeper nets make one of the
maior escaps ¡e¡¡çs-the hole at the bottom of the net
circl*less obvious.

Another factor which was probably relevant was
the thermocline, defined by Green (1967) as "The
layer [of sea water] of relatively sharp temperature
gradient separating the mixed layer above [upper
waters] from the colder waters beneath." Tuna will
consistently sound out of a purse-seine net where the
top of the thermocline is deeper than the mar<imum
depth of the net (Murphy and Niska 1953). This lends
support to the belief that the thermocline acts as a
barrier to vertical movement of tuna. Although
bathythermographs were not usd to record water
temperature during the last three seasons, unpub-
lished MAF data from earlier purse-seine surveys
(Eggleston 1976) indicare tÌ¡at the mid point of the
thermocline in New Zealand "skipjack waters" (see
Catch and effort by sea surface temperature, page 29)
in March is at about 65 m. Obviously the deeper nets
will fish more effectively, as they extend well below
this depth.

During this season the most successful vessel in
area J fished the deepest net.

The only other area of any significance was area D
(Bay of Plenty), where about one-fifth of the catch was
taken with the same proportion of the fishing effort
(Table 6). Over 1000 t of this c¿tch was taken by one
vessel in a l2-day period in late January-early
February.

Small quantities of fish were also taken in area E
(Hawke Bay), areas H and I (off the north-west of the
South Island), and area K (off Kaipara Harbour).

For the first time in three seasons no fish were
caught in areas A (north-west of North Cape) and B
(North Cape to Cavalli Islands), where substantial
catches have been made in the past (1976, 3584 t;
1977, 1608 t). Although there was sightings effort in
these areas throughout the season (see Table l), few
fish were seen (see Fig. 2).

Catch and effort by depth
Skipjack were caught where bottom depths were

between 30 and ll00m (Table 7). However, most
(8240 t) were caught where the water was 100 to
399 m deep. There the greatest effort (sets) was
expended and the highest catch rates (per set, per
successful set) recorded.

We believe that where the depth range 100 to 400 m
coincides with the distribution of major aggregations
of skipjack (for 1978, as indicated by the set posirions
in Fig. l), there are concentrations of zooplankton
which provide food for skipjack. Data presented by
Bradford and Roberts (1978, see Fig. 6) lend little
support to this. However, the planktonic euphausiid
Nyctiphancs australis, the main food species for skipjack
in New Zealand waters, has been observed at the
surface in great abundance in one such area (by G.
Habib, on l0 March 1978, position4l" 13.4'S, l7l"
10.8' E, at 1400 h). Further work is planned in area C
to determine the relationships between Nyctiphancs,
skipjack, and bottom depth.

TABLE 7: Catch, eets, and s€t succett by bottom depth in the l9?8 purse.seine skipjack fishery in New Zeatand

Depth Catcl¡
('n) (Ð

3È99 794
100-199 4 565
20G299 1698
30G399 1977
40ù499 195
5G599 160
600{99 50
700-799 4L
800-899 0
900-999 23

l0Þl 100 23
Total 9 526

Catch per Successful
set (t) sets

I t.2 37
rr.9 165
12.7 4t
26.0 36
13.0 +
16.0 5
12.5 2
13.7 2
00
5.7 I
5.7 3

13.5 296

!" of.

total

8.3
47.9
t7.8
20.8
2.0
1.7
0.5
o.4
0
0.3
0.3

Catch per
successful

set (t)

2l .5
27.7
+1.4
54.9
Æ.7
32.0
25.0
20.5
0

23.0
7.7

32.2

o/o of
total

10. I
5+.3
19.0
10.8
2.t
1.4
0.6
0.4
0.1
0.6
0.6

28

"/" ol
total

12.5
55.7
13.8
12.2
t.+
t.7
0.7
o.7
0
0.3
t.0

Sets

7l
382
134
76
15

l0
4
3

I
+
4

7M



Catch a¡rd effort by water colour
Most of the skipjack (8751 t) were taken in blue off-

shore water. There, most of the sets (635, 268
successful) were made for catch'rates of 13.8 t Per set
and 32.6 t per successful set. In the blue-green or
green in-shore water 775 t ol. skipjack were caught in
69 sets (28 successful) at catch rates of 11.26 t Per set
and 27.7 t per successful set.

Catch and effort by time of daY

Almost two-thirds of the skipjack (6069 t) were
caught during the afternoon (noon to 5.59 p.m.), one-
fifth (1944 t) in the morning (6.00 a.m. to 11.59 a'm.),
and the remainder (1513 Ð in the evening (6.00 p.m'
to I1.59 p.m.). Effort was similarly apportioned, with
402 sets in the afternoon, 188 in the morning, and I 14

in the evening. The best fishing, as mean catches per
set and per successful set, was in the afternoon (15.1 t
and 36.8 t respectively), then the evening (13'3 t and
26.1 t), and the morning (10.3 t and 26.6 t).

It is not surprising that so much of the season's
catch was taken in the afternoon, as that was when the
largest quantities of skipjack were sighted at the
surface (Fig. 2).

Catch and effort through the day was similar in
past seasons (Habib 1976, 1978a).

Catch and effort by moon phase

There was a fairly even distribution of catches
through the moon's cycle, except for a lower catch
during full moon. However, more sets were made
during the first two quarters (63.6% of sets) for lower
set catch rates than during the last two quarters
(Table 8).

Moon phase

New moon
First quarter
Full moon
Last quartcr

2 447
2 670
I 989
2 380

The new moon and first quarter periods yielded the
largest proportions of the catch in past seasons
(Habib L976, 1978a). However, set catch rates were
highest during new and full moon in 1976 and during
the first two quarters in 1977. Therefore there has
been no clear trend in skipjack fishing related to moon
phase.

Catch and effort by sea surface tem¡rerature

Skipjack were caught in areas where surface water
temperatures ranged from l7o to 25oc (Table 9).
However, most (8098 t, 85ø/o of the season's catch)
came from 19" to 21.9"c water (designated "skipjack
water" by us). This water was present within the
range of skipjack on the New Zealand coast for longer
than the cooler or wanner water. As a result, most of
the fishing effort (80% of sets and successful sets,
made during 18 of the season's 3l fortnightly fishing
periods) was expended in skipjack water. Catch rates,
too, were generally higher in this water than in water
of other temperatures.

A similar pattern of fishing by sea surface
temperature was found in 1977 (Eggleston and Paul
ls78).

Sea surface temp€rature measurements from
satellites in relation to the skipjack fishery

Weekly satellite sea surface temPerature charts for
the New Zealand region for 25 October to 30 May are
presented (Fig. l2). The charts cover the 1978

skipjack season and some time before and after the
season.

Catch per SuccessfuI
set (t) sets

10.4 85
12.7 95
16.3 59
t7.8 57

Catch per
succ¡ssfuI

set (t)

29.2
28. I
33.7
4t.7

TABLE 8: Catch, setc, and s€t succers by moon phase in the 1978 purse-eeiae skipiact firhery in New Ze¡l¡nd

Catch
(t)

"/" o1

total

26. l
28.0
20.9
25.0

Suæful
3CÈ

9
t2
58
87
9l
3+
4
I

296

S€E

25
33

145
229
202
60
I
2

7M

o/o ol
tot¿l

33.8
29.8
t7.+
19.0

o/o o!
total

28.7
32.r
19.9
r9.3

TABLE g: Catch, seta, set auccees, and fiehing effott (searching and fiahing) by sea rurface tenlt€rature in the 1978 purae'seine skipiack
fishery in New Zeat¡nd (tempentures fron shipboard recordc)

Sets

238
210
122
t34

W.tù tdp.
nngc ('c)

17.r17.9
18.È18.9
19.Þ19.9
20.È20.9
21.0-21.9
22.O-22.9
23.123.9
2+.0-25.0

Total

C¿tdr % oI
G) toel

238 2.5
563 5.9

2 258 23.7
3 559 37.+
2 28r 23.9

567 5.9
53 0.6
7 0.1

I 526

% o{ Gaæh pc¡
brâ.I æt (t)

3.6 9.5
4.7 l7.l

20.6 15.6
32.5 15.5
28.7 I 1.3
8.5 9.4
l.r 6.6
0.3 3.5

13.5

Catch pcr
of ¡ucædul

btrl ær (t)

3.0 26.4
4.1 46.9
19.6 38.9
29.+ 40.9
30.7 25.1
I1.5 16.7
1.4 t3.2
0.3 7.0

32.2

29
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Fig. 12 (above and right): Weekly sea surface temperature charts for the New Zealand, region, from satellite measuremenrs, for the l97B
skipjack season. Water of 19"-21.9"c ("skipjack water") is shaded; isotl¡erms are at loc intervals.
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Skipjack water was first present in New Zealand, at
North Cape in late November and extended as a
tongue into the Bay of Plenty in early December. In
the Bay of Plenty and on tÌ¡e north-east coast of the
North Island there were periods of cooling in mid
December, warming in late December, and cooling in
early January. From mid January there was ageneral
warming around the North lsland and some warming
to the west of the South Island. From earþ April there
was a general cooling, and by mid May skipjack water
was no longer on the New Zealand coast.

Some of the sea surface temperature charts from
satellites (see Fig. 12, charts for the weeks ending 6
December, l0 January, ll and 25 April, and 2 May)
suggest that there was some mass 'omovement" of a
tongue of warm water south to and north from New
Zealand, during the season. Eggleston and Paul (1978)
found a similar occurrence in 1977 and suggested that
such a movement may have been more apparent than
real, resulting from a progressive southward warming
(and by implication a northward cooling late in the
season) rather than movement of surface water. They
suspected, though, that there might also have been
some water movement. We believe that both
processes took place in 1978.

As in 1977 (Eggleston and Paul 1978), skipjack
were generally found and fished in skipjack warer.
Notable exceptions were the fish in cooler water in
area C in earþ January and in area I{ in March.
Fishing also took place in wanner waters (see Table
9), though this is not apparent from a comparison of
the satellite temperature charts with the distribution
of fishing. This is because the temperatures used to
calculate catch rates by temperature were recorded by
shipboard observers. These temperatures were at
times higher than satellite-recorded temperatures,
particularly if taken in mid afternoon on warm, still
days. This type of detail does not appear on the charts
constructed by the satellite data processors, who use
temperatures derived from averaged readings from
large areas (Eggleston and Paul 1978).

More elaborate satellite systems are planned and
future sea surface temperature data should be much
more relined (Eggleston and Paul 1978). fn the
meantime, the present satellite data are useful in
leading to a broad understanding of skipjack
distribution in New Zealand in summer. Some
refinement of this understanding can be gained by
evaluating the satellite data in conjunction with
temperatures collected by shipboard observers.

In the future satellite data will be used for
predicting optimum fishing areas and times. For this,
data would need to become available more quickly
than is possible with the present mailing of charts
from the United States. The New Zealand,
Meteorological Service plans to be able to receive

same-day satellite sea surface temperature charts in
the future.

Temperature has long been considered tÏe key
factor in the distribution and behaviour of skipjack
(Radovich 1963, Blackburn 1965), particularly near
the northern (for example, northern Japan) and
southern (for example, New Zealand) extremes of
their distribution (see Fig. 2 in Joseph and Calkins
1969 for map of skipjack distribution in the Pacific
Ocean). In the light of the observed relationships
between skipjack and water temperature in New
Zealand. during the last t\,vo seasons, the skipjack
fishing industry should consider pre-season and post-
season prospecting for skipjack water to the north of
New Zealand by aircraft (as in Hynd 1968, 1969)
and/or by fishing vessels. If skipjack travel to and
from New Zealand. in this water and at the sur{ace,
the fishing season could be greatly lengthened.

Purse-seine fishing and the l2-mile territorial sea

Since large purse seiners were introduced to the
New Zealand skipjack fishery in 1975, there has been
considerable controversy about whether they should
be allowed to fish within the l2-mile territorial sea.
The controversy has revolved around two points:
firstly, whether the large seiners should be considered
as foreign fishing vessels and, as such, be subject to
the normal ruling that these vessels must operate
outside 12 miles; secondly, if not considered foreign
vessels, whether the large seiners should be allowed to
fish inside the territorial sea in competition with the
small New Zealand owned seiners.

The large seiners have all been United States
registered or ex-IJnited States registered and have
operated in New Zealand under charter to a New
Zealand.-United States joint venture company. While
on charter they have been registered as New Zealand
fishing vessels and have been issued fishing permits.
Technically, therefore, they were no longer foreign
vessels, and the joint venture company fully expected
to be able to operate them within the laws applying to
all New Zealand fishing vessels. This included
freedom of movement inside the 12-mile limit.
Ilowever, in fishing inside the limit, the company
attracted an adverse reaction from the operators of the
small seiners in the fishery who did not acknowledge
that charter vessels had any privileged status. They
also claimed that the large seiners fished in unlair
competition with the small seiners, particularly when
fishing occurred inside the l2-mile limit, the main
fishing area for the small seiners (Table l0).

There is no doubt that tÌ¡e large seiners do have
much greater capabilities when fishing for skipjack
than the small ones. During the last three seasons,
their size and speed and the large size of their gear
have enabled them to record an average fishing power
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TABLE l0: Catch ¡¡d sct dsta for catches m¡de inside the l2.m;le limit by large (Il) and s-all (Is) purse'seine vegsels and outside
the limit by l¡¡gg (Ot) a¡rd small (Os) veeeele in the 1976 to t9?8 skipjack seasons in New Zealand (1976 and 1977 d¡ta from MAF

filea)

Vessel

n
Is
ol
Os
n
Is
ol
Os
Il
Is
ol
Os

4.5 times greater than that of the small seiners and to
take most of the catch at much higher catch rates
(Table l1).

Various measures have been tried to remove the
size-related competition from the fishery. Under the
Fisheries Act, the Minister of Fisheries imposed
various conditions on the fishing permits of the
charter vessels. These were a ban on fishing inside the
l2-miie limit (lifted after Protests by the joint venture

in the BaY of PlentY
particular schools bY a
2-mile fishing zone only

to take schools over 25 t, and a direction that New
Zealand vessels be given first right to set on schools of
skipjack inside the zone. These measures were only
paitty successful, owing to the impracticality of some

and the lack of adherence to others'

We believe it is not unreasonable lor the large

vessels to be restricted to fishing outside 12 miles'

are unable to caPture the generally large, mobile, and

unsettled schooli found in the off-shore waters. The

development of the skipjack fishery.

The option of varying the conditions on the fishery
could be retained by Government if circumstances
show that some variation is necessary for the
continued viability of all sectors of the fishery and for
the best use of the resource. For example, the l2-mile

zone would be desirable in these circumstances.
Adequate supervision of the large seiners would then
be required.

Annual catch rates

It is timely to appraise the 1978 rates and comPare
them with those of past seasons (Table l2).

With the doubling of the annual catch from 1976 to
1978, there was variation in the catch rates-catch
per day searching and
standard day fished (cp
in 1976 and 1978 and I
reflect the relative abundance of fish available in these

seasons (see Table 2). The resource in 1976 was less

than in 1978, but in 1976 fewer vessels Íished. This
meant that there were fewer days spent searching and
fishing and fewer standard days fished, and the
smailèr resource was therefore sufficient to yield catch
rates of 1978 proportions.

Season
(total

catch (t))

1976
(4 7r5)

1977
(7 54r)

1978
(s 526)

Vessel

Catch (t)
(lo o1. Sets (% of

season's total) season's total)

3 558 (75.4) lso (62.5)
20r (4.3) 50 (16.4)
942 (20.0) 62 (20.4)
14 (0.3) 2 (0.7)

l l4l (ls.l) 159 (26.r)
418 (5.s) 106 (r7.4)

5 e63 (79.1) 334 (54.8)
rs (0.3) l0 (1.7)

l 280 (13.4) 5e (8.4)
802 (8.4) l2l (r7.2)

7 147 (75.0) 4ir (66.s)
2s7 (3.2) 53 (7.5)

Catch per
set (t)

l9
4

l5
7

7

4
l8

2

22
7

15

6

r18 (6s.6)
26 (14.4)
35 (19.4)
I (0.6)

8s (28.3)
4e (15.6)

17+ (5s.2)
3 (0.e)

32 (10.8)
47 (r5.e)

lee (67.2)
l8 (6.1)

Successful sets Catch per
(o/o oÍ successful

season's total) set (t)

30
I

27
t+
I3

9

3+
6

Ð
t7
36
l6

raBLE rr: Gomparison of rarße and smart;ffitîäî;]"r3î;î-'":'##l,i:|.frHt"-*,Ì,:î ?#ï"' 
re76 to re78 (re76 and re77

Average catch
Averaç Per standard

Net length fishing power Total catch day fished
by depth (m) 197È78 197F78 (0 197È78 (t)

Fish
holding

Length capacity SPeed
(-) (0 (knots)

53-79 74ù2 000 to 17

2Y35 9f330 to 1l
to I ,{60 by 250
to 900 by 120

33

Large
Small

2.0r 20 03I 12.05
0.4s r 75l 1.05



TABLE 12: A¡n 'o¡ catch, effort, and 
_catch per unit of effort in the purse.seine rkipjack fiehery in New Zealand, lg76 to f g?g (f 9?6

¡¡d 1077 dotc from Habib 1976, 1978¿ Firhêr¡cc Rcú.¡ch Dtvtrton f[er)

Catch Catch
Catch per day per
per Days searching standard

season- searching and Standard d.y
d.y and fishing days fished
(0 fishing (Ð fished (t)

l0 22+ 21 2r4 229 458 16 1007 7t2 40t 2+ 44t 22

Yer
Catch

G)

4 7t5
7 5+t
I 526

The cpsdf in 1977 was very low. This was becriuse
the moderate catdr had to be divided by a large
number of standard days fished. This number
resulted partly from the relatively high number of
days spent searching and fishing in 1977 and partly
from a drop in performance level of the standard
vessel that season, which effectively raised the fishing
Ix)wer, and hence the output, of standard days fished
of most vessels in the fleet. To illustrate this, the
standard vessel's fishing power of I (that is, when I
day searching and fishing equalled I standard day
fished) in 1976 was equal to 0.93 Michclangclo days, in
1977 to 2.38, and in 1978 to 1.56. These values should
have been much the same if the relative fishing power
of these vessels had remained similar over the
different seasons. This illustrates one of the problems
of comparing standardised catch and effort data from
one season to the next.

Catch per season-day for the 1976 to 1978 seasons
varied in a similar manner to cpdsf and cpsdf, but the
variations were on a smaller sc¿le. This was because
the measure of effort of a season-day includes vessel
activities other than fishing.

Catch per set varied only a little, and the variation
in catch per successful set probably reflects changes in
the average size of school available to the fishing fleet,
which was 25 t in 1976,23 tin 1977 (Clement 1978a),
and 39 t (mean of 33 t in the morning, 70 t in the
afternoon) in 1978.

Comparison of New Zealand and eastern tropical
Pacific tuna fisheries

To obtain a measure of the relative productivity of
the New Zealand skipjack fishery, the catch per day
searching and fishing for the larger vessels in the fleet
(Kcni M and larger) can be compared with
equivalent catch rates for the larger vessels (of size
class 6, that is, 4Ol short tons carrying capacity or
greater) in the eastCrn tropical Pacific (ETP) tuna
fishery (Table l3). There, both skipjack and yellowfin
tuna are fished by purse seine, and the fairest

Catch

Per
successful

Successful set
sets (t)

r80 26
315 24
296 32

comparison is between the New Zealand rates and the
combined ETP skipjack and yellowfin rates.

Fishing in New Zealand, has been about twice as
productive per day of fishing as in the ETP fishery. It
should, however, be realised that the New Zealand
fishery is a virgin fishery which has a short but intense
fishing season, is located in a small sea arear and has
been fished by a small number of vessels, whereas the
ETP fishery is year round and of long standing (since
the early 1920s, according to Joseph and Calkins
1969), is loc¿ted in a large sea area (off the west coasts
of North, South, and Central America between 30o N
and 20o S, and to 800 km off shore), and has been
fished by many vessels (150 of class 6 in 1978, see
Peterson 1978).

TA,BLE 13: Meaa catch per
skipjacþ yellowfin, a¡d bo
purse-reiae tuna fiahery, ¡¡d for skipiack in the NewZc¡land
pursc.rcine fishery, by size cl¡¡s 6 ves¡cl¡ (ETP d¡t¡ from
files of the Inter-American Tropicel Tl¡a¡ Commiaaion, Ir

fo[a, Cafifornia)

Year
ETP New Zealand

Skipjack Yellowfin Combined Skipjac&

No. of
vessels

5
l1
l0

1976
1977
1978

Catch

Per
set

Sets (r)

3M 15
609 12
70+ 13

Season-
days

.186

797
806

1962 6.05 3.t4
1963 8.72 1.59
1964 5.19 4.46
1965 7.M 3.4
1966 5.83 6.25
1967 t5.24 4.+2
1968 6.93 8.96
1969 4.03 10.79
t970 l.61 12.68
l97l 7.19 7.29
1972 t.47 t2.2+
1973 r.82 10.36
t97+ 3.66 8.01
1975 4.47 6.44
1976 4.15 7.34
1977
1978

1962-76 4.54 7.9r
197'F^78

t No data available.

9.19
10.31
9.65

10.4€
12.06
19.66
15.89
t4.82
t+.29
14.48
r3.7 |
t2.18
I1.67
I0.91
l l:4e

12.45

zoi¡r
20.30
32.1 l

25.67

34



Biology

Lcngth-frequency distributions
During 1978 MAF observers on the purse seiners

measured over 22 000 skipjack (0.6% of the estimated
total number of fish caught during the season).
Catches sampled by area were 80 in C, 48 in D, 5 in E,
2 in H, 2 in I, and 35 in J. All length measurements
were grouped by 2-week intervals by area to provide a
full record of the length composition of the catches
throughout the season (Fig. l3). This figure also
shows the changes in the location of the fishery during
the season.

Early
Island)
classes.
weight, 28o/o olfish caught
cm fish (3 to 3.2 kg,26"/")
about 40 cm (1.2 kg, 1.2

catches in this area. The same size classes

predominated in mid-season catches in area D (Bay of
Þtenty) (+7 to 49 crn,27o/o;52 to 53 cm, 297o), with
the small fish (40 crn, 3.4o/o) also appearing later.

Only the largest of these size classes was present in
area E (Hawke Bay), and it comprised 3l7o of the

TABLE 14: E¡tim¡ted numbcrs of fi¡h of different sizes in tbe 1978 purse-eeine skipjack fishery in New Zc¡land

catches. Some 20% of the fish were larger (56 to
58 cm, 3.8 to 4.3 kg).

West coast c¿tches (areas H, I, and J) contained
49- to 5l-cm fish (2.4 to 2.8 kg, 59"/o),intermediate in
size between the two main size classes in east coast
c¿tches. Other fish ranged lrom 52 to 56 crn (3 to
3.8 ks).

The estimated numbers of fish of different sizes in
the 1978 catches are Presented in Table 14. Fish were
predominantly of the same size as in 1975 and 1977,
Lut hrger than the fish'in 1974 and 1976 (Fig' la).

Possible reasons for year-to-year variability in the
major size classes of skipjack are: variation in
environment on the spawning grounds and/or the
condition of the spawning stock; variations in the
environment of juveniles and post-juveniles, such as

the availability of food, which would contribute to
variation in the time and length of the post-spawning
period and the overall effectiveness of spawning; and
variation in the growth rates of larval and juvenile
stages, which results in the arrival of different size
groups of fish. Such year-to-year variability occurs in
other fisheries (Fig. l4).

Est. No. in
season's

catch

178 966 5.0
103 161 2.9
55 r97 1.5

29 896 0.8
t4 429 0.4
6 021 o.2
4 179 0.1

431
I 535

820
35+
870
152

4t4
3-
3-
6-
00
3-
3-

Length
("*)

35
36
37
38
39
n
4l
42
+3
44
45
46
+7
48
49
50
5l
52
53
54

Total 3 557 129.

Est. No. in
season's

catch

764
27Æ
5 687

l0 494
14 583
20 460
21 584
16 60t
r0 888
14 992
+7 390

I l0 249
230 353
312 738
403 903
448 358
425 2+3
+s+ 499
352 864
276 288

7o of est.
total No.
of fish'

Length
("-)

55
56
57
58
59
60
6l
62
63
&
65
66
67
68
69
70
7l
72
73
74

7o of est.
total No.

of fish

-1
0.1
0.2
0.3
0.4
0.6
0.6
0.5
0.3
o.4
1.3
3.1
6.5
8.8

I 1.3

12.6
I 1.9
t2.2
9.9
7.8

I

t Less tÌ¡an 0.17" of total.
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Fig. 14: Major length ranges in skipjack catches in New Zealand and in fisheries of some neighbouring westerÌr Pacific Ocean countries'

The area-to-area variation in size classes which was

seen in 1978 could have resulted from fish being
derived from different sPawning grounds or from
different spawnings on the same glounds.

The predominant length ranges of skipjack in
catches in other parts of the Pacific Ocean were
presented by Vooren (1976), These may be comPared
with the New Zealand ranges and those of various
other countries close to New Zealand. As pointed out
by Vooren, the length comPosition of New Zealand
skipjack occurs at the lower end of the size range
found in other skipjack fisheries in the Pacific Ocean.
We agree with his conclusion that skipjack in the New
Zealand fishery are young recruits which belong to
cohorts that have not been subjected to fishing

elsewhere in their geographical range. Kearney
(1978a) has also observed that the New Zealand
skipjack fishery is one of a number based on first-
recruit post-juvenile fish.

I-ength-weight relationship
A relationship was not calculated for 1978.

flowever, it would probably have been similar to that
derived Íor 1977 (see Fig. 6 and Table 4 ¿z Habib
1978a).

Age and growth
Unlike the growth rates observed in 1976 (Vooren

1976), growth as indic¿ted by the movements of

l:!i:;:::i::::i:¡!:::i::il

[,:!:ii:i:iiïi::äÍiil

I
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being about 2O to 24 months. This is similar to earlier
years; fish of the main size class in 1976 were possibly
about 20 months and in 1977 about 22 months (Habib
1978a).

It is hoped that the skipjack tagsng programme at
present being implemented by the South Pacific
Commission in the western Pacific Ocean (Kearney
1978b) will yield sufficient information to enable tl¡e
determination of growth rates of skipjack which
contribute to the New Zealand fishery.

Food a¡rd feeding
Stomach contents were investigated in 413 skipjack

(241 females, 172 males) during the season. Samþtes
came from all areas in the fishery and were coleõted
at various times during the day. Almost ¡wo-thirds of
the stomachs were empty. Those with food contained
pT4ominantly the euphausiid Nytþhanes australis.
This small shrimp-like animal, about-l cm long, (see
plate 20 ø Sars 1885) is distributed widety iã New
Zealand coastal waters (see references to dijtribution

Crustaceans typically comprise the bulk of the food
of small skipjack (Raju 1964b). However, as the
skipjack grow beyond 50 cm long, fish have been seen
to form an increasing proportion of their food (Yuen
1959, Nakamura 1965). Informarion here and in York
(1969, see Fig. 30 and Table 15) shows this trend also
in New Zealand, skipjack.

Gonad condition
Gonads were examined in the fish dissected for

stomach analyses. All fish had undeveloped gonads.

Fig. 15: Stomach contenrs of skipjack caught in the l97g purse_
seine skipjack fishery in New-Zealani

Skipjack first spawn after reaching 45 cm in length
(Brock 1954, Yoshida 1964). Because the mean
lengths of skipjack in lg78 catches were greater than
45 cm and tìe gonads were undeveloped, it is likely
that these fish had not yet spawned, but would spawn
in other parts of their range.

A possible spawning ground for the New Zealand
skipjack stock is near Samoa between 5o and 20o S,
where a protracted spawning season is indicated from
locations and times of capture of skipjack larvae
(Matsumoto 1966) and juveniles (Yoshida l97l).
Yoshida also found evidence for a southward
migration of juveniles of over 30 cm long between
June and September, which could conceivably
contribute to the summer fishery in New Zealand.

TABLE l5: Btood samplee collected from ekipiack taken in pune-eeine c¡tches during the lgZB eeason i! New Zealand

Bottom
deptå
(-)
3&
32+
ll9
tÆ
166
13+
82

Date

19 Jan
19 Jan
27 Feb
28 Feb
ll Ma¡
12 Mar
22 lù'far

Latitude

35"39'S
35043',S
37'43',S
37.37' S

4lo4g's
38'13',S
37057',S

Longitude

175"¿Ã',8
175"38',E
174'10', E
l74"ll'E
170"58',E
173"50',8
174"15',8

No. in
sample

202
203
200
200
200
100
100

Main fish
length (cm)

53
53
+9
+9
52
5+
50

Length range
of sample (cm)

4G58
4&58
4l-56
+2-57
,+8-58

48-59
47-55

fish remoins 1.4%

onchovy 1.5%
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Skipjack population identification
Genetic studies for skipjack population identifica-

tion were continued, with a further 1205 blood
samples being collected (Table l5). These were sent
for electrophoretic analysis to Dr B. J. Richardson of
Australian National University in Canberra (see
Richardson 1978). According to Fujino (1970, 1972,
1976), Pacific skipjack can be divided into western

and central-eastenr populations. Recent work points
to the existence of as many as five subpopulations
witlin Fujino's larger population units (Sharp 1976).
Preliminary analyses of New Zealand samples
(Richardson pers. comm.) show some similarities
with samples from eastern Australia, Lord Howe
Island, Fiji, and New Caledonia. Work is continuing
in this field.
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Summary

The 1977-78 (1978) purse-seine fishery for skipjack
was pursued by l0 vessels, which ranged from 23 to
79 m in overall length and 135 to 1558 t in gross
weight.

Observations of surface schools of skipjack were
made from aircraft and purse-seine vessels during the
season. Skipjack migrated into New Zealandwaters in
December and were present in purse-seinable
quantities until early April. Although sightings effort
was expended over a wide area off both the North and
South Islands, it was most concentrated in areas
where and at times when large bodies of skipjack
moved along the coast. Most of the sightings were
made off Great Barrier Island in January and north of
New Plymouth in March. Up to 5000 t was seen at the
surface on any half-day. Large schools of 100 t or
more were present in abundance throughout the
season.

The purse-seine fleet worked 806 season-days: 401
searching and fishing, 136 travelling, ll7 making
repairs or undergoing survey, 67 discharging or taking
stores, 46 sheltering from poor weather, and 39 days
off.

During the 401 days fished 9526 t of skipjack was
caught. Almost half this quantity was caught off Great
Barrier Island (area C) in January, one-fifth in the
Bay of Plenty (area D) in February, and over one-
quarter north of New Plymouth (area J) in March.
Most measures of effort peaked in March, though
catch per unit of effort peaked in January.

Most skipjack were caught in blue off-shore water
where the bottom depth ranged from 100 to 400 m
and sea surface temperature ranged from 19" to22"c.

Almost n¡¡o-thirds of the skipjack was caught
during the afternoon, one-fifth in the morning, and

the remainder in the evening. Effort was similarþ
apportioned.

There was a fairly even distribution of catches
through the moon's cycle. However, effort was greater
and catch rates were lower during t}le first two
quarters than during the last two.

Over three-quarters of the catch was taken outside
the l2-mile limit and the remainder inside. Effort was
similarly apportioned.

All measures of catch rate in 1978 were similar to
those in 1976 and higher than those 1n 1977.

The productivity of the New Zealand purse-seine
fishery for tuna (skipjack), as measured by catch per
day searching and fishing, is about twice that of the
purse-seine tuna fishery (skipjack and yellowfin) in
the eastern tropical Pacific Ocean.

Over 22 000 skipjack were measured during the
season. The major length ranges in east coast catches
were 47 to 49 cm and 5l to 53 cm. On the west coast,
fish intermediate in size (49 to 5l cm) predominated.
Fish were mainly of the same size as in 1975 and1977,
but larger than those in 1974 and 1976.

Stomach contents were investigated in 413 skipjack
during the season. Almost two-thirds of the stomachs
were empty. Those with food contained predomin-
antly the euphausiid Nyctþhancs australis. Fish, squid,
amphipods, and decapods were also present.

Gonads were examined in the fish dissected for
stomach analyses. All gonads were undeveloped.

Blood samples were collected for genetic studies on
New Zealand skipjack. Preliminary analyses show
some similarities with samples from eastern Australia,
Lord Howe fsland, Fiji, and New Caledonia.
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