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Setting the net from the purse seinet Finisterre.



lntroduction

Since successful purse-seine surveys of New
Zealand's skipjack (Katsuwonus pelamis Linnaeus,
1758) resource were carried out in 1974 and. 1975
(Hinds 1974, Eggleston 1976), there has been a rapidly
developing summer flshery for this species. Landings
have risen from 5000 t in 1975-76 (1976 season) to
almost 9000 t in 1978-79 ( 1979 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 environmental pa-
rameters, 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 confe¡ences in 1976 (Clement 1976,
Habib 1976, Vooren 1976) and 1977 (Clement 1978,
Eggleston and Paul 1978, Habib 1978a, Richardson
1978). Results of observations on the 1977-78 (1978)
season were presented briefly in Habib (1978b) and in
detail in Habib, Clement, and Fisher (in press). This
publication presents information on the 1979 purse-
seine skipjack fishery in New Zealand.

Materials and methods

Vessels
These were Apollo (1558 gross tonnes, 79 m overall

length, 2000 t carrying capacity); Zapata Discoverer
(1499 t,69 m, 1650 t); Voyager (1472 t,73 m, 1600 Q;
Frontier (1163 t, 67 m, I135 t); Finisterre (1063 t,62 m,
I150 t); Island Princess (1274 t, 66 m, 1250 Ð; Jeanette
C (1091 t, 54 m, 813 t); Janet D (498 t, 35 m, 330 t);
Waihola (as for Janet D); San Benito (248 t,33 m, 120
t); Marine Countess (135 t, 27 m,130 t); and Lindberg
(159 t,23 m, 90 t).

The frrst four vessels ûshed under charter to New
Zealand Pelagic Fisheries Development Company
(1976) Limited (NZPFDC) with Finisterre, the com-
pany-owned vessel. Island Princess and Jeanette C

which were issued to Van Camp
of California by the New Zealand
the Territorial Sea and Exclusive

Economic Zone Act 1977.

Apollo, Zapata Discoverer, and, Island Princess,
which operated in the eastern Pacific Ocean tuna
fishery outside the New Zealand season, travelled to
New Zealan
jack season.
sank en rout

Frontier, which alsojoined the fishery from the eastern
Pacific, was on her nraiden voyage.

Voyager and Jeanette C left fishing grounds near
Papua New Guinea and Palau to fish in New Zealand.

The remaining vessels, which were operated by other
New Zealand companies, joined the New Zealand
fishery from other New Zealand pelagic frsheries.

Gear
The vessels' nets ranged from 640 to I 682 m (2 I 00 to

5518 fÐ in length and 64 to 263 m (210 to 863 ft) in
depth.

Observer programme
As in previous seasons, the Fisheries Divisions of

MAF placed observe¡s aboard the purse-seine vessels
to record:
l. 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 flshing activity with location, date, time,
depth, size, and success ofsets.
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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
50-300 f,sh from all catches while observers were
aboard the vessels. For studies on reproduction and
feeding, 5-20 frsh were dissected from occasional
catches. The developmental stage of the gonads was
judged by use of criteria described by Orange (1961)
and Raju (1964). Stomach contents we¡e either
identified in situ or preserved in formalin for later
identification ashore.

Ministry of Agriculture and Fisheries logs were also
kept by observers and pilots in "spotter" aircraft flying
in support of the skipjack f,shery. 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 fish-spotting
flights, supplemented by observations from wider-
ranging MAF aerial surveys. 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 ofthese
requirements see Squire 1972).

Hydrology
Sea surface temperatures were available from three

sources: observers recorded temperatures from the
purse-seine vessels by use ofinsulated bottles; an in-
frared thermometer (described in Robertson 1975) in
one of the spotter aircraft recorded temperatures; and,
asin1977 (Eggleston and Paul 1978) and 1978 (Habib,
Clement, and Fisher in press), MAF received sea sur-
face temperature charts for the New Zealand region
from the National Oceanic and Atmospheric Admin-
istration of the United States Department of Com-
merce. The mannerin which the satellites measuredthe
temperatures and the limitations on these data are
discussed in Eggleston and Paul (1978).

An associated study of hydrology, in which water
temperature, salinity, dissolved oxygen, and water
clarity profiles across the continental shelf and slope
were measured and plankton was collected, was con-
ducted on the fishing ground between The Aldermen
Islands and Cape Brett (see Fig. l). The aim was to
describe the physical characteristics of the main skip-
jack fishing ground in an attempt to understand the

relationships between the environment and the skip-
jack resource. The results of this study will be presented
in a separate publication.

Abundance
Two measures of abundance are used in this pub-

lication, apparent and real abundance.

Apparent abundance is defined by Marr (1951) as

". . . abundance as affected by availability, or the ab-
solute number of fish accessible to a fishery." In this
publication apparent abundance refers to the quantity
of fish which was apparent at the surface each half-day
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
quantifred on one half-day probably often cont¡ibuted
to subsequent half-day totals. Therefore the total of all
half-day measures of apparent abundance does not
represent the quantity which could have been taken in
the frshery and is to some extent an overestimate.

However, moderating this overestimate are other
factors which caused the measures of apparent abun-
dance 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, and the
movement of schools through the differentlevels of the
sea during the day, which would have resulted in some
proportion ofthe skipjack resource passing through the
New Zealand region unsighted.

Real abundance.'.iefers to estimates of the absolute
quantity of skipjack which passed through New
Zealand waters. The means by which these estimates
were obtained is discussed on page 26.

"Bodies" of skipjack
Much of the following discussion centres on the

concept of a "body" of fish. In this publication, this
refers to a close-knit group ofschools ofskipjack that
could be seen (through aerial and shipboard observa-
tions) to be moving through the New Zealand area as a

unit.

Tagging
In February-March 1979 the South Pacific Com-

mission conducted a skipjack survey and assessment
programme in New Zealand waters (Kearney and
Hallier 1979). During the programme 1l 614 skipjack
were tagged and released from the Commission's pole
and line vessel l1ølsz tori Maru. Some 945 of these fish



were recaptured shortly after along the north-eastcoast
of the North Island, mostly by the purse seiners ûshing
the resource.

The tagging and recapture data, which will form the
basis of publications by the South Pacific Commission,
have at Fisheries
Rese analyses are
used nts ofbodies
ofskipjack as established through aerial and shipboard
observations.

Comparisons with other seasons

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

1ny 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 are 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 ifthis represented only part ofa school.

Areas
in terms of areas (Fig. l,
Reef Point to North Cape;
ands; C, Cavalli Islands to

Shoe Island (mainly east and north of Great Barrier
I¡þnd); D, Bay of Plenty; E, East Cape to Hawke Bay;
F, Hawke Bay to Cook Strait; G, Kaikoura Coast; H,
west coast South Island; I, Kahurangi Point to New
Plymouth; J, New Plymouth to Kaþãra Harbour; K,
Kaipara Harbour to Reef Point; ãnd L, off shore
north-east Northland. Areas F, G, H, and I are not, or
are only partl/, shown in Fig. l, as no sets for skipjack
were made in those areas.

TABLE 1: Sightingseffortfrom ahcrâft (+) andpurseseinevessels (x) by halfdayby areain the lggprrse,seineskipjack fisberyinNew Zealand.
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TABLE I : Sþhtings effort from aircnft (+ ) and purseseine vessels (x) by halfday by area in the 199 purse'seine skipiack fishery in New Zæaland.
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Area
ABCDEFGHIJKLDay

Jan I a.m.

P.m.
2

o
oo

o
o
o+
o+

+

+o
o

+o
o

+o
+o
++
++
+

+

+

+

+

+

+

+
+

+
++

4 e + + +x +
e + +x +
ex+
e + +x

x
x

ox
ox
ox+
x+
x

+x + +
e +x +
e + +x +

+x +
+x +
+x

e +x
e +x
e +x
e +x
e +x +
e +x +
e +x
e + + +x +
e +x

+ox
oo

oo
+o +o

ooxo
oox+o

+ox +
e +x + +
e +x +x
e +x x
e +x +x
e +x +x
e +x +x +
e +x +x + +

+ox +x
+ +ox +x

e + +x +x
e x +x
e x +x
e x +x
e x +ox
e x +x
e x +ox

ox +o
extox
e x +o
e +x +x +
e +x x +x

+ +x +o +x
e + +x +x +x

e
e

o
o
o
o

e

e
e

e
e

e

l0

lt

t2

l3

l5

l6

t7

l8

t9

20

2t

22

23

24

25

26

27

28

29

30

3t

x
x

+x
+x
+x
+x
+x

x
x
x

t2

+

++
++

--.-:----



TÄBLE 1: Slghtingseffortfromaircraft (+)andpurso.seinevess€ls (x) byhalfdayby areain the l9l9purse-seineskipj¡ckfisheryln New Zeal¡nd,
Periods ofsþhtings effort ained nt locating skipjack are indieated (e) and periods ofpoor weather (o) (cont.)
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TABLE I : Sightlngs efort from aircraft (+ ) and purse.seine vessels (x) by halfday by ¡re¡ in the l9I9 purse'selne sliipjeck fishery in New Ze¡l¡nd.
Pe¡iodc of sightings efforú ¡lmed at loc¡ting sklpiack are indic¡ted (e) and perlods of poor weather (o) (cont )
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TÄ,BLE l: Sightingseffortfrom¡ircraft (+) andprrseseine vessels (x)byhalfdaybyareainthe 1979purse-seineskipjackfsheryinNewZealand.
Periods of sightings effort aimed at locatlng skipj¡ck are indicated (e) and periods ofpoor weafhcr (o) (contJ

Area

May
D

+x
+x
+x
+x

+x
+x
+x

x

Day
I

2

cBA EFGHIJK
+ +x +x
+ +x +x

a.m.

P.m.

+x +
+x

+x
+x

x
+x
+x
+x
+x

+x
ox

+x
ox

+X
+x
+x

ox
+x

ox
+x
+x
+x
+x
+x
+x

+x
+x
+x
+x

x
x

+x
+x
+x
+x

x
X

x
x

+x
+x

x
x

tl

l0

t4

+x
x

+x
+x

t2

l3

l5

l6

e

e

e

e

e

e

e

e

+

t7

l8

19

20

21

22

23

24

25

26

27

28

29

30

3l

+x
+x
+x
+x
+X

x
+x
+X
+x
+x
+x
+x
+x
+x

+x
x

+x
+x
+x
+x
+x
+x
+X

x
+x
+x

+x
+x

t6



Results and discussion

Distribution and apparent abundance of skipjack
Skipjack were seen in New Zealand waters from 20

November 1978 to 3l May 1979. Half-day estimates of
quantities seen were derived for each area investigated
throughout the season and these estimates were to-
talled to yield overall half-day estimates for all areas
(Fig. 2). The half-day estimate was chosen because
during each half-day period it was usually possible to
eliminate double sightings of schools and so derive
good estimates of the quantity of frsh present at the
surface.

Early season sightings, 20 November-3l Decenber,
east and north of Great Barrier Island

The frrst schools of skipjack were sighted on 20
November 1978 off Great Barrier Island. As in the
previous season, the tsh were sighted on "the Cross",
the position east of G¡eat Barrier Island where latitude
36o S crosses longitude 176" E (see Figs. I and 2). The
sighting was small (up to 193 t per haff-day,l0 schools)
and lasted only 4 days. After this time, sightings effort
in this area was inadequate to monitor the presence of
skipjack (Table l). There was one fu¡ther half-day's
sightings effort in November (27th), two half-days on 5

December, when 125 t was seen on the Cross, and some
effort in the lastweekofDecember 1978, with 60 t being
seen on the Cross on the 27th. Skipjack were probably
present near the Cross for much of this early period, but
sightings effort was insufficient to test this likelihood.

Other skipjack seen during this period were in the
Bay of Plenty (Fig. 2, area D, 28 November and 27
December) and near North Cape (Fig.2, area B, 3l

Øpoo, weolher

! o.t.

I cotch

Ep't.
Areos C ond D

December

Fig. 2 (above and following pages): Half-day sightings by area and for all a¡eas combined during the 1979 skipjack season in New Zealand.

December). These small sightings must be viewed in
the light of the poor sightings effort coverage during the
early season.

Sightings, 4-25 January, east and nofh of Great
Barrier Island

On 4 January 60 t of skipjack we¡e sighted off Cape
Brett (Fig. 2, area C; Fig. 3). Some of these fish were
caught and they were predominantly large (50 to 55 cm
in length). At least some of these fish probably moved
to the viciníty of Poor Knights Islands by the 9th.

Also on 9 January, a body of frsh was sighted on the
Cross. From sightings observations over the next 2
weeks, we suspect that this body moved a¡ound the area
as shown in Fig. 3.

Two size classes of fish contributed to catches off
Great Barrier Island in January, small (40 to 44 cm) and
large (50 to 55 cm). It is possible that the body seen off
Cape Brett early in January contributed the large fish to
these catches; the small fish were probably forerunners,
and later representatives, of the body of fish which was
located and fished in mid January in off shore north-
east Northland waters (see below and Fig. 12, arcas C
and L).

During this period, therefore, we believe two bodies
of flsh of different size classes moved through this
north-east area in different directions, which resulted
in the complex pattern of sightings. Quantities of fish
seen varied considerably from day to day, with the
largest half-day sighting being 2105 t (Fig. 2, area C).
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Sightings, 10-14 January, offshore north-east
Northland

On 10 January, while travelling from American
Samoa to New Zealand, Finisterre discovered some
skipjack schools at the surface 280 km north-east of
North Cape (Figs. I and 2, area L). The quantity seen
increased to 1500 t on the llth and fell to l0 t on the
l4th. The vessels which had been ûshing this body then
moved to the Cross, and length-frequency analyses
suggest that at least some of the fish had also moved
here from arcaL.

Although most fish presumably travelled from area
L towards New Zealand below the surface, some were

seen travelling at the surface. This was on the I lth at
34o 30' S, 175o 40'Eandonthe l2fhat35o 00'S, l76o
16' E. These sightings were made from one of the
spotter airc¡aft. The schools were triangular in shape,
with the leading frsh at the apex of the triangle. They
were travelling fast, which was indicated by a pro-
nounced wake behind the fish.

Season's sightings, east Northland
Although there was sightings effort offboth the east

and west coasts of Northland, the only skipjack seen
were in the east. The first flsh were seen on 3 I December
(Frg.2, area B). That small sighting was followed by

Fig. 4: Daily location of the main concentration of skipjack in
Northland waters,29 January-14 February 1979.

2l

7

\"\ii:?:tu

Fig. 3: Daily location offhe main concentration(s) ofskipjack on
the north-east coast ofthe North Island, 4-25 Januàry 1979.



similar sightings on 10, 16, and 24 January. A further
small sighting on the 29th signalled the arrival of a large
body of skipjack which was to be present in east
Northland waters until mid February. This body
moved north-west along the 200-m depth contour (Fig.
4), and up to 3400 t offrsh was seen at the surface per
half-day of sightings effort. The quantity seen rapidly
declined after I I February, partly as a result of a spell
ofpoorweather between the 13th and 18th. Only small
sightings were made offthis coast during the rest of the
season.

Sightings, February to end of season, east and north
of Great Barrier Island

Regular sightings surveys off this coast during this
period located only small quantities of skipjack
through most of February @ig. 2, area C). However, in
late February the quantity seen increased rapidly and
large quantities were present until 8 March. During this
time the fish moved south-east along the 200-m depth
contour from Cape Brett to the Cross (Fig. 5).

Supporting evidence for this movement was
provided by tagging data. Of 534 skipjack tagged from
a school off Cape Brett on 27 February, 35 were
recaptured at 9 sites to the south-east ofthe tagging site
(Fig. 6). Fish tagged to the north and north-west of
Great Barrier Island on other occasions showed a
similar south-easte¡ly movement (Fig. 7).

Quantities seen fell during 5 days of poor weather in
mid March, and thereafter sightings were small, spo-
radic, and confined to March.

Season's sightings, Bay of Plenty
Although sightings effort was consistent in this area

throughout the season, quantities ofskipjack seen were
small and irregular in their appearance (Fig. 2,areaD).
The distribution ofsightings was also erratic, with small

groups of frsh showing over wide areas of the Bay of
Plenty, often at the same time. Skipjack bodies could
not be isolated from the sightings data and neither
could movements of skipjack. However, taggtng data
provided some information on the extent and direction
of some movements (Fig. 8). (The straight lines
between the tagging and recapture sites in this and
other fi.gures simply tie the appropriate sites together
and do not necessarily represent actual lines of
movement between the sites.)

Season's sightings, East Cape to Hawke Bay
Skipjack schools were found in this area between 19

February and 3 Ma¡ch (Fig.2, area E). Quantities seen
were mainly small, the largest half-day sighting being
about 500 t. It is possible that skipjack were present in
the area at other times. However, the area received only
occasional attention from the spotter aircraft and
fishing vessels.

Season's sightings, west coasts of North and South
Islands

Few fish were seen offthese coasts (Fig,2, areas H, I,
and J), with most being found west of Gannet Island
and near New Plymouth in March. Sightings effort was
consistently high throughout the season, particularly in
Tasman Bay and Golden Bay, where many aerial
surveys were flown in conjunction with the fishing
operations of Nelson-based vessels seeking a number
ofpelagic flsh species.

Sightings by time of day
The greatest numbers of fish were seen in the af-

ternoon (Table 2). This was partly due to the greater
number of daylight hours in the afternoon period
during which a maximum sighting could be made.

We reiterate that these sightings were measures of
apparent abundance which probably included some
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Fig. 6: Release and recapture sites ofskipjack tagged on the north-east coast ofthe North Island on 27 February during the South Pacific
Commission's skipjaõk survey and assèssnent þrogramme in New Zealand waters, February-March 1979.

multiple quantification of skipjack schools from
morning to afternoon, day to day, and even month to
month. Therefore the totals in Table 2 do not neces-
sarily represent quantities of fish which could have
been taken in the purse-seine fishery, but simply in-
dicate the relative importance of the time of day for fish
sightings.

Sightings and the lZ-mile tishing limit
Early in the season all skipjack were sighted outside

the l2-mile fishing limit as the f,sh surfaced after mi-
grating to New Zealand from the tropical areas to the
north (Table 3). As the season progressed, the
proportion of fish inside the limit increased until by

February most wore there. In March, when the large
concentrations of skipjack we¡e moving towards off-
shore waters preparatory to migrating north again, the
proportion of fish outside l2 miles increased. I{owever,
April-May sightings (Table 3) show that it was not
possible to follow the movement completely into off-
shore waters. This is because end of season off-shore
movements typicallyculminate in the fish disappearing
from the surface. We assume that migrations out of
i.iew Zeaianci warers occur ar <iepth.

Over the whole season nearly 6O7o of the skipjack
appeared inside the l2-mile fishing limit and the
remainder outside.

TABLE 2: Monthly skipjack sightings by time of day in the 1979 purseseine skipjack fishery in New Zealand

Sightings
Month (Ð

Nov 66
Dec 35

Jan 8 759
Feb 6 193

Mar 8 598
Ap¡ I 19

Muy 65
Nov-May 23 835

Morning
7o each period's

sightings
7.5

12.7
48.2
34.1
45.4
58.3
68.4
42.0

Afternoon-evening
Sightings 70 each period's

(t) sightings
819 92.5
240 87.3

9 409 51.8
tt 967 65.9
l0 339 54.6

85 4t.7
30 31.6

32 889 58.0

Total
(Ð

885
27s

18 168
18 160
18 937

2M
95

s6 724

23
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Sightings, 1976,1977,1978, and 1979 seasons
Fewer skipjack were seen at the surface during 1979

than in the previous three seasons (Table 4), probably
partly because there were fewer days of sightings effort
in 1979 than in the other seasons. This resulted largely
from the often long spells of poor weather which cur-
tailed sightings effort (see Table I and Fig. 2).ln 1979
more f,sh were seen per day ol'sightngs etlort than rn
1977,but fewer than in1976 and 1978. As in the other
seasons, most fish were seen from January to March.

Fluctuations in apparent abundance
These were considerable and coincided largely with

the appearance and disappearance ofvarious bodies of

skipjack which moved through the New Zealand atea
during the season (Figs. 2-5). Reports on earlier sea-
sons indicate that similar fluctuations occurred during
those seasons. However, the underlying reasons for the
fluctuations remain unclear.

Apparent abundance and catch
A summary of the ciata in Fig. 2 (see Tabie 5) shows

that of skipjack sighted, only a small proportion was
caught; this ranged Crom2.57o in the morning in April
to25.57o in the morning in March. On average, about
2l7o of the fish seen during the mornings was caught
and 727o in the afternoons. By this measure, the re-
source seemed to be under little pressure from fishing.

TABLE 3: Monthly skipjack sightings in relation to the llmile fishing limit in the 199 purse-seine skipjack fishery in New Zealand

Month
Nov
Dec
Jan
Feb
Mar
AP.
Muy

Nov-May

Sightings
(t)

0
0

4 089
l0 095
5 197

85

65

l9 531

Inside 12 miles
% each period's

sightings

0
0

43.4
84.4
50.3
71.4

100.0
59.3

Outside l2 miles
Sightings 70 each Period's

(t) sightings

819 100.0

240 100.0

s 320 56.6
t 8'72 15.6

5142 49.7
34 28.6

00
13 42'1 40.7

Total
(Ð

819
240

9 409
tt 967
l0 339

l19
65

32 958
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TABLE 5: Quantities of fish seen and caught by halfday in the 1979 purseseine skipjack fishery in New Zeal¡nd

Month
Nov
Dec
Jan
Feb
Mar
APr
May

Nov-May

day fished, set, and successful set in March (vessel

avêrages of24.l t per day fished, 17 fper set, and 50.2

t per successful set) (Fig. 10, right-hand axis).

The rise and fall ofcatch and effort probably resulted

fluctuations in the skipjack resource, and also in rela-
tion to the availability of that resource to the major
portion of the fishing fleet which was restricted to
operating outside the l2-mile fishing limit.

Catch and effort by area
Seining was done in six areas on the New Zealand

coast (see Fig. l). Almost half of the season's catch

Quantity
sighted

(t)
66
35

8 759
6 193

8 598
ll9
65

23 835

Morning
Quantity
caught

(Ð

0
0

I 703
I 148

2 t94
3

0
5 048

Vo cauflht
of quantity

sighted

0
0

19.4
18.5

25.5
2.5
0

21.2

Quantity
sighted

(t)
819
240

9 409
tt 96'l
l0 339

85

30
32 889

Catch frorn body
before max.
sighting (t)

0
2262

84
263

0
0

652
150
4t3

0
203

83

88

0
0

l5
0
0
0

314
0
0

30

Afternoon-evening
Quantity Vo catr9ht
caught ofquantity

(t) sighted

4t 5.2
00

I 575 16.7
t 744 14.6

5ó5 5.5
00
00

3 92'1 I1.9

(4372 t) was taken in area C (east and north of Great
Barrier Island) with about half of the fishing effort.
Most of the fishing in this area occurred in January and
March, and catch rates for the area were close to the
season's means (Table 8).

A¡ea B (east Northland) was next in importance;
one-third of the catch was caught here with about
one-sixth of the fishing effort. The fishing in this area
was in February, and catch rates were substantially
higher than the season's means.

Small quantities of skipjack were also caught in the
Bay of Plenty, from East Cape to Hawke Bay, and off
the west coast of the North Island. It is significant that
only small catches were taken off the west coast and
only small quantities of frsh were seen there. This
contrasted with previous years, when large catches
were made and large quantities of fish were seen.

TABLE 6: Estimated minimurn re¡l abundance ofskipjack in the New Zerland region during the 1979 se¡son

Period that bodies
or distinguishable
quantities present

3 I Dec-24 Jan
29 Ja¡-l4Feb

Late Feb
Mar

20-28 Nov
Dec

4-25 Jan
Feb

27 Feb-8 Mar
27 Nov-l Dec

Jan
Feb
Mar
AP.
May

Feb-Mar
Apr
Mar
Jan
Feb
Ma¡
APr

l0-14 Jan

A¡ea
B
B
B
B
c
c
c
c
C
D
D
D
D
D
D
E
H

Max.
sighting

(t)

85

3 365
217
r25
250
ll5

2 105

432
2995

100

802
148

391
90
40

517
t7

417
ll0
165

s44
I

1 500

27

Estimated min.
real abundance

(t)
85

5 627
301

388
250
ll5

2757
582

3 408
100

I 005
231
479
90
40

532
t7

417
ll0
479
s44

I
I 530

19 088Total



TABLE 7: Notable sightings oflarge schools in the 1979 purse-seine skipjack fishery in New Zealsn¡l

Position
35"05',S, 174008',F,
34" 57', 5, 174"24', 8
34.45', S, t'13"48'E
34"52',S, 174010'E
34"4'7', S, l73"M',E
340 47', S, 1',73"33', E
34" 44' S, 173. 43' E
35"24', S,174"58'E
35"27', S, 174" 53', E
35"26',S, 174e54'E
35043',S, 175"23',8
35" 42', 5, 175"28', 8
35"41',S, 17502'l'E
37"37', S,177"00',8
35.40',S, 115"28'E
36" 14',S, 176"04'F.
36" 13', S, 176"04'E

Catch and effort by sea surface temperature
Skipjack were caught in areas where surface water

temperatures ranged f¡om l7o to 22.9"c (Table ll).
However, most (8926 t) were caught in l9o to 22.9"c

An interesting new area to be fished was that about
280 km north-east of North Cape (Fig. l, area L).
There, 5 days offishingyielded 299 tofskipjack atcatch
rates above the season's means.

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

between 60 and 3000 m (Table 9). However, most (7834
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.
However, though making small catches, the vessels also
recorded high catch rates in the deeper waters of400 to
599 m. The areas where most fish were caught were
above the edge ofthe continental shelf.

Catch and effort by time of day
Sets were made between 6.30 a.m. and 9.30 p.m.

Over half the fish (4963 t) were taken in the morning
(6.00 to 11.59 a.m.), about one-third (3285 t) in the
afternoon (noon to 5.59 p.m.), and the remainder (727
t) in the evening. Half of the sets were made in the
afternoon, about one-third in the morning, and the
remainder in the evening. However, catch rates (per set,
per successful set) were highest in the morning, then the
afternoon, then the evening.

Catch and effort by moon phase
Almost three-quarters of the season's catch was

taken during the new moon and first quarter phases,
with about half of the season's effort (sets) (Table l0).
Catch rates were also high during those periods, par-
ticularly during new moon, when the average catch per
set was 2l.2tand per successful set 53.2 t. Fishing was
not as productive in the last quarter and even less so
during full moon.

Date
3l Jan
6 Feb
7 Feb
9 Feb

l0 Feb
ll Feb
28 Feb
28 Feb
2Mar
3 Mar
3 Mar
4Illa¡
5 Mar
6Isfar
6 Mar
6 Mar
7 Mar

No. of
schools

4
J

3

2
l0
ll
4
2
6
a

9

7

2

I
J
)
6

Size of
schools (t)

100-150
200-250
I 50-200

150

100-250
150-250
100-150
100-150
100-250 4

150-200
150-250
100-200
100-150

t50
100-150
100-200
100-200

General area

N of Bay of Islands
E of Cavalli Is
NW of Cavalli Is
NE of Cavalli Is
NW of Cavalli Is
NW of Cavalli Is
NW of Cavalli Is
E of Poor Knights Is
E of Poor Knights Is
E ol Poor Knights Is
NE of Mokohinau Is
NE of Mokohinau Is
NE of Mokohinau Is
Bay of Plenty
NE of Mokohinau Is
E of Great Barrier I
E of Great Bar¡ier I

28

Fig. 9: Days fi-shed and_days lost in the 1979 purse-seine skipjack
ñshery in New Zealanil.



TABLE E: Catch, eftor! and catch per unit of effort by area in the 19/9 purse.seine skipjack fishery in New Zealand

Catch
Quantity Vo of

Area (Ð total
A_*
B 2947 32.8
c 4 372 48.7
D 680 7.6
E 120 1.3
F-
G
H
I-
J 557 6.2
K00
L 299 3.3

Total 8975

Depth
(m)
0-99

100-199
200-299
300-399
400-499
500-s99
<m Áoo
't00-799

800-899
900-999

I 000-3 000

Total

Season-
days

7o of
No. total

7.0 0;l
100.5 9.6
446.5 42.9
203.5 19.5

I12.0 10.7
2.5 0.2

8.0 0.8
62.0 6.0
4.O 0.4
11.5 l.l
84.5t 8.1

tM2.0

Effort
Days

searching
and

fishing
Vo of

No. total

69.5 16.6
219.5 52.4
70.5 16.8
21.5 5.1

24.0 49.1

13.5 33.1
6.0 t7.9
3.3 10.9

31.9

Catch/effort
Catch

Catch per day Catch
Successful per searching Catch per

Sets sets season- and per successful
7o of Vo of duy fiShing set set

No. total No. total (t) (t) (t) (Ð

t23 18.4
323 48.4
I 14 l't.l
36 5.4

60 21.4 29.3 42.4
132 47.0 9.8 19.9

38 13.5 3.3 9.6
I I 3.9 l.l 5.ó

6.0 18 6.4 9.0 2t.4

4.6 22 7.8 26.0 28.5

281 8.6 2t.4

13.9 30.9

9.6 13.6

13.5 31.9

Catch per
7o of successful
total set (t)
6.0 13.5

29.5 35.5
38.1 33.6
11.7 39.2
2.8 31.0
2.5 38.3
u./ l r.u
00
00
00
8.5 r5.l

26.0 6.2
1.5 0.4

10.5 2.5

419.0

40

3l

66't

* No fishing.
f Outside New Zealand - days spent tiavelling to and from, and discharging fish at, the cannery in Ame¡ican Samoa.

TABLE 9: Catch, sets, and set success by bottom depth in the lll9 purse.seine skipjack fishery in New Ze¡land

Catch
(Ð

229
2 946
3 593
| 295

248
268

2^

0
0
0

362

8 975

Catch per
set (t)

5.9
l l.9
t4.9
18.0
19. I
22.3

0
0
0

10.ó

13.5

Successful
sels

t7
83

107

33

8

7

0
0
0

24

281

7o of
total

2.6
32.8
40.0
t4.4
2.8
3.0
4.4
0
0
0
4.0

Sets

39
248
241

72
l3
t2
4
2

I
I

34

667

7o of
total

5.8
37.2
36.1
r0.8

1.9

1.8

0.5
0.3
0.1
0.1
5.1

TABLE l0: Catch, sets, snd s€t success by noon phase in the 1979 purse.seine skipjack fishery in New Ze¡land

Moon
phase

New moon
Fi¡st quarter
Full moon
Last quafer

Total

Catch per
Vo of successful
total set (t)
21.4 53.2
3s.2 33.5
19.6 t6.7
23.8 23.0

Catch
(t)

3 194
3 32r

916
I 544

I 975

Vo of
total
35.6
37.0
t0.2
1'7.2

Vo of
total
22.6
34.O

20.r
23.2

29

Sets

l5l
))1
134
155

66'l

Catch per
set o
2t.2
t4.6
6.8

10.0

13.5

Successful
sets

60
99
55
67

28r
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Fis. I I labove and rieht): weeklv sea surrace temperatufe charts t'or the New zealand region, from satellite measurements, for the 1979
"skipjäck season. Watêr of 19"'-23"c ("skipjack water") is shaded; isotherms are at I oc intervals.
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Purse'seine fishing and the l2-mile limit
Almost three-quarters of the season's catch (6276 t)

was taken outside the l2-mile limit and the remainder
(2699 t)inside (Table 12). As inpast seasons, fishingwas
concentrated along the 200-m depth contour, which
was close to the l2-mile limit (see set positions, Fig. l).

The distribution of catches in relation to the l2-mile
limit reflected the enforced distribution of the greater
part of the fishing fleet rather than the distribution of
the resource. All the large vessels (except Finisterue)
were restricted to ûshing outside the limit, but nearly
6Vo of all skipjack were found inside the limit (see

Sightings and the l2-mile fishing limit, page 23).

Some measures of the importance of the in-shore

waters can be gained from the performance of Finis-
tete: she took three-quarters of her catch inside 12

miles and one-quarter outside. In addition, she caught
1.8 times more fish than the other large vessels. Past
performances have shown thal Finisterre is about
average in her size class (data in MAF ûles). It seems

that Finistene performed better during this season
because she had unrestricted access to the skipjack
resource. The lack of any leal competrlion for the
resource inside 12 miles must also have contributed to
her performance.

There is little doubt that, without restriction, there
would have been much more fishing inside the limit
and a substantial$ greater season's catch.

TABLE 12: C¡tch ¡¡d set d¡ta for c¡tches made inside the l}mile limit by large @) and small (Is) purseseine vessels and outside the limit by large
(Ol) and smell (Os) vessels in the l9I9 purse.seine skipjack fishery in New Zæ¡land

Vessel

I

Is

ol

Os

Total

Catch (t)
(% of

season's total)
I 914
(21.3)

785
(8.7)

5 7r5
(63.7)

5ól
(6.3)

8 975

Sets (% of
season's total)

5l
('t.7)

r45
(21.7)

356
(53.4)

ll5
(t7.2)

667

Catch per
set (t)
37.5

Successful sets
(Vo of

season's total)
30

(10.7)

46
(16.3)

166
(5e. l)

39
(r3.e)

281

Catch per
successful set

(r)

63.8

5.4

l6.l

4.9

13.5

t7.r

34.4

14.4

3t.9
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Biology

Length-frequency distributions
During 1979, MAF observers on the purse seiners

measured over 25 000 skipjack (0.67o of the estimated
total number of fish caught during the season). Catches
sampled by area were 32 in B, 80 in C, 5 in D, l5 in J, and
13 in L. All length measurements were grouped by
2-week intervals by area to provide a record of the
length composition of the catches throughout the
season (Fig. l2). This frgure also shows the changes in
the location of the fishery during the season.

The first catches were made in November north and
east of Great Barrier Island (area C). These contained
mainly large 55- to 65-cm fish (3.6 to 6.2kgin weight).
By early January most fish in this area were 45 to 55 cm
(1.8 to 3.6 kg). These fish persisted in the catches until
late January, when they were joined by a smaller size
group of 40- to 50-cm fish (1.3 to 2.6 kg). By mid
February the small fish dominated the catches in this
area and continued to do so for the rest ofthe season.

Fishing began off east Northland (area B) at a time
that corresponded with the arrival in New Zealand of
the same small size group that was fished in area C. As
in area C, the small flsh dominated the Northland
catches and also catches in areas J (west coast North
Island) and L (off shore north-east Northland) (Fig.
l2). It is likely that the small fish were part of a çommon
stock which arrived offthe New Zealand coast from the
north-east. Length-frequency distributions from area
L show that at least some of the small fish passed

Length
(cm)

34
35
36
3t
38
39
40
4t
42
43
44
45
46
47
48
49
50
5l

+ Less than 0.170 oî roTal

Est. No. in
season's catch

310
226

't 656
14 235
t0 326
ll 960
33 603
57 470

I l8 567
251 765
640 974
837 524
760 027
456 402
269 3r8
127 t79
It4 534
80 950

TABLE 13: Estimated nurnber of skipjack of diffe¡ent lengths in ahe lVIg purse.seine catch in New Zesland

through that off-shore area on the way to New Zealand
in January.

Few catches were sampled in the Bay of Plenty (area
D), and none between East Cape and Hawke Bay (area
E) because most of the fishing in those areas was by the
small seiners. Ministry of Agriculture and Fisheries
observers were denied u""essio those vessels for most
of the season. Such gaps in the information on the
skipjack resource make it difficult to gain a full un-
derstanding of the resource while it is in New Zealand.

The estimated numbers of fish of different lengths in
the 1979 catches are presented in Table 13. These
estimates were obtained by converting the number of
fish ofeach length to weight offish at each length by use
of a previously determined length-weight relationship
(see below). These weights were scaled up by the
weights of the catches to yield total weights of fish at
each length, which were then converted back to total
numbers at each length.

Length-weight relationship
A relationship was not calculated for 1979. However,

it would probably have been similar to that derived for
1977 (see Fig. 6 and Table 4 in Habib 1978a).

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

1976), growth as indicated by the movements of modal

Vo of est.
total No.

Length
(cm)

52

53

54
55

56
57
58
59
60
6l
62

63

64
65

66
67

68
Total

7a of esf.
total No.

)')
2.t
11

2.0
1.4
l.l
0.7
0.3
0.2
0.1
0.1

0

0.2
0.3
0.2
0.3
0.8
1.3

2.7
5.8

14.8

19.3

t7.5
10.5

6.2
2.9
2.6
1.9

Est. No. in
season's catch

97 291
90 083
96 415
85 708
58 9r3
46 394
32344
tl 4'72

I 248
5 25t
4 976
I 641

485
406
269

0
27

4 332 950
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size classes of fish was not apparent in1979. Based on
growth curves figured by Vooren (1976) and the length
composition of 1979 catches, the possible age range of
skipjack in 1979 was 13 to 38 months, with most fish
being l8 to 2l months.

Further information on age and growth of New
Zezland skipjack will become available when the
South Pacific Commission analyses the tagging data
collected during the Hatsutori Maru cruise in New
Zealand waters last summer.

Food and feeding
Stomach contents were investigated in 386 skipjack

(172 females, 214 males) during the season. Samples
came from all areas in the fishery and were collected at
various times during the day. Almost three-quarters of
the stomachs were empty. Those with food contained
exclusively the planktonic euphauslid Nyctiphanes
australis.

Few fish contained much food. Some 837o of
stomachs were less than one-quarter full, l{Tobetween
a quarter and half full , and 37o over half full.

An inte¡esting observation was that the fish sampled
in area L (off shore north-east Northland, Fig. l) were
all empty, and on examination their stomachs were
found to be strongly contracted as if the fish had not
eaten for some days. Stomachs similarly contracted
have been observed during other seasons in samples
from bodies of fish which had obviously only recently
arrived in New Zealand waters (data in MAF ûles). We
believe that the skipjack which visit New Zealand
travel quickly from the tropical areas to the north and
eat little, if anything, along the way. Justification for
such a long and taxing journey is presumably the
substantial concentrations of the food organism Nyc-
tiphanes auslralis in New Zealand waters.

Gonari condition
Gonads were examined in the fish dissected for

stomach analyses. All gonads were undeveloped. As

most skipjack in the catches were close to 45 cm (see
Table l3), the length at which this species usually
undergoes frrst spawning (Brock 1954, Yoshida 1964),
it is likely that most fish had not yet spawned, but would
spawn in other parts of their range.

Population identification
In earlier seasons large blood samples have been

collected from the purse-seine catches for genetic
studies on skipjack population identification. This was
discontinued inl979. However, samples were collected
on Hatsutori Maru (see Kearney and Hallier 1979).
Results of analyses of those samples will be available in
later South Pacific Commission publications.

Migrations
Results from tagging undertaken on the research

vessel flølsutori Maru (see South Pacific Commission's
interim reports listed in Kearney and Gillett 1978,
Kearney pers. comms.) have established that New
Zealand shares at least part of its skipjack resource with
the island nations to the north. Some frsh which were
tagged near Fiji and Wallis and Futuna Islands (see

map in Kearney 1978a) were recaptured in New
Zealand; and one skipj ack which was tagged near Poor
Knights Islands was recovered recently near Fiji (Table
14). In addition, some skipjack which were tagged near
Fiji, Wallis, and Futuna have also been recovered in
French Polynesia, Samoa, Tonga, Tuvalu, Gilbert Is-
lands, Solomon Islands, and in the Trust Territory of
the Paciûc Islands (Kearney pers. comm.). Thus, there
appears to be a sharing - directly or indirectly - of
skipjack between New Zealand and some, if not all, of
the above nations.

Skipjack fisheries of these nations are rapidly
developing (Uchida 1975). If there is to be optimum
international use ofthis shared skipjack resource, there
is a need for an international body to manage the
resource, possibly a regional fishe¡ies body ofthe kind
suggesteci by Kearney (i976). New Zeaianci wouici
need to seriously consider being a signatory to such a
body.
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TABLE 14: Internction¡l data for sklpjack rele¡sed or recaptured in New Ze¡l¡nd waters during the 1979 skipject season (data fom Kearney 198b, Kearney rnd H¡llier f98' 199' a¡d
Kearney pers. comm.)

Recapture data

Fish
length
(cm)

No.
Date tagged

Release data

Position

18"53',S, 179'16',E
16"56',S, 179"24',W

16"5ó',S, 179"24',W

13"29',S, 176"07',W

l3o3l's, 176"05'w

I3'3y S, 176'05', fÙy'

13" 17' s, 176e23', W

13ol5's, 176.2v w

13" 17, s, 176.16' w
14o05, s, 177.58',\ry

13"42',S, 171.45l W

35"24t S,17454', E

Wallis

rr¡y'allis

Wallis

Wallis

Wallis

Futuna

Western
Samoa

New Zealand

Position

35"48',S, 175"27',8
36.00, s, 17600t E
35"53',S, 175"52',E

35"49',S, I75o 18',E
to

36o04',S, 175"55'.8.

35o37',S, 175"16',E
to

36o00's, l76"o2t E

35"30',S, l75o0l',E

35"52', S, 175"54',E
to

36o02',S, 176"07'.8

35052',S, 175"54 E
to

36'02', S, 776"07',E

?

36.03'S, 175"20',8
,|

15o56',S, 179"41',8

Country

New Zealand
New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

Nev¡ Zealand

Füi

Fish Distance
length travelled
(c-) (kn)

55.5 r9l2
58.5 2173
58.5 2160
?t 2626

to
2641

54.1 2 630
to

2641

54.0 2605

51.5 2628
to

2@8

56.0 2628
to

2648
't 'l

s6.0 2s42
??

51.4 2220

9.2.78

6.4.78

6.4.78

t7.5-78

18.5.78

19.5.78

20.5.78

20.5.78

20.5.7E

29.5;t8

t4.6.78

2.3;t9

t

25t
l&2
t&2
I 054

I 035

t 982

29lO

29tO

2910

486

| 637

3 692

45.0

50.4

51.0

53.0

54.0

49.0

48.0

50.5

52.0

5l.0

52.0

46-O

Date

5. 3.79

2t.11.78

19. t.79

7.3.79+
to

22. 3.79

15. 1.79
to

2s. r.79

4. 3.79

5. 3.79
to

6. 3.79

5. 3.79
to

6. 3.79

,
23. 3.79

?

t7.6.79

Country

FÜi
Flji
FÜi

Wallis

(,
æ

Where ranges ofdatæ, positions, and distances are grven, exact data are not available.
No data.
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