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The pune seiner Lindberg in set on a school of skipjack in the Bay of Plenty.



I ntroduction

In the early and mid 1970s purse-seine surveys of
New Zealand's skipjack (Katsuwonus pelamis
Linnaeus, 1758) resource established that there were
good prospects for a commercial fishery (Hinds 1974,
Eggleston 1976). This led to the formation of a joint
venture between two companies - one New Zealand
and one American - in which several large American
purse-seine vessels were to further investigate the
commercial prospects for skipjack fishing. At the same
time interest was raised in the local industry, and two
small New Zealand seiners also began to seek skipjack.
Since then there has been a rapidly developing summer
fishery for skipjack in which landings have risen from

5000 t in 197 5-7 6 ( I 976 season) to about 9000 t in each
ofthe last three seasons.

Each season the Ministry of Agriculture and Fish-
eries (MAF) has monitored catch-per-effort of the
commercial fleet fishing skipjack and related this to
environmental parameters, skipjack biology, and
fluctuations in size of the skipjack resource. The results
of observations on earlier seasons are presented in
Clement 1976, 1978; Habib 1976, 7978a, 1978b;
Vooren 1976; Eggleston and Paul 1978; Richardson
1978; and Habib, Clement, and Fisher (in press), 1980.
This publication contains information on the 1980
purse-seine skipjack f,rshery in New Zealand.

Materials and methods

Vessels
These were I dr i at i c S e a (f or merly A pol/o, I 5 5 8 gross

tonnes, 79 m overall length, 2000 t carrying capacity);
Tifaimoana (1435 t, 72 m, l4l0 t); Captain M.J. Souza
(1172 t, 67 m, ll50 t); Frontier (as for Captain M.J.
Souza); Finisterre (1063 t, 62m,ll50t); Voyager (1472
f,73 m, 1600 t); Royal Pacific (1080 t, 66 m, 1150 Ð;
Island Princess (7274 t, 69 m, 1350 t); Jeanette C (1091
t, 54 m, 813 t); Western Pacific (544t,36m,350t);Janet
D (498 t, 35 m, 330 t); Waihola (as for Janet D); San
Benito(248t,33 m, l20t); Marine Countess(735t,27 m,
130 t); and Lindberg (159 t, 23 m,90 t).

The hrst four vessels fished under charter to the New
Zealand Pelagic Fisheries Development Company
(1916) Limited (NZPFDC) with Finisterre, the com-
pany-owned vessel. Voyager and Royal Pacific fished
under charter to J. rJy'attie Canneries Ltd, and Island
Princess and Jeanette C were under charter to Jaybel
Nichimo Ltd. In this publication these vessels consti-
tute the large purse seiners.

Adriatic Sea, Tifaimoana, Captain M.J. Souza, Fin-
isterre, and Royal Pacifc joined the New Zealand
fishery from the eastern Pacific Ocean, Tifaimoana
being on her maiden voyage. Voyager, Island Princess,

and JeaneÍte C joined the fishery from the western
Pacific tuna grounds between Papua New Guinea and
the Trust Territory of the Pacific Islands. Frontier
joined from grounds around Australia.

Janet D and Marine Countess were operated by J.
Wattie Canneries Ltd, San Benito and Lindberg by
Sanford Ltd, Waihola by Skeggs Foodb Ltd, and
Western Pacific by Nelson Fisheries Ltd. All these
vessels except Weslern Pacific joined the fishery from
other New Zealand pelagic fisheries. Western Pacific,
which is the largest flrshing vessel built in New Zealand,
remained unfinished until late in the season, when she
joined the fishery on her maiden voyage.

Fishing gea-r' and auxiliary equipment
The purse-seine nets ranged f¡om 640 to 1682 m

(2100 to 5518 fÐ in length and 64 to 263 m (210 to 863
ft) in depth.

Most vessels used a motorised skiff during frshing.
The exceptions were the Norwegian-style setnersJanet
D, Waihola, and Marine Countess, which used Dahn
buoys during net setting. Skiffs ranged in size from 7 to
I I m in length, 3.5 to 6 m in width, and 7 to 30 t in
weight.
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Many vessels were equipped with satellite naviga-
tion, sonar, and weather facsimile machines, and all
had radar, depth sounders, and sophisticated radio
equlpment.

Six vessels carried helicopters for hsh finding and
directing net setting, and most carried speedboats for
herding the skipjack schools during fishing.

Fish storage aboard the vessels was in refrigerated
brine.

Observer programme
As in previous seasons, the Fisheries Divisions of

MAF placed observers aboard the purse-seine vessels
to record:
l. Vessel activity, subdivided into time and place

searchiirg, travelling, at anchor or in port carrying
out repairs or survey requirements, discharging f,rsh,
taking stores, sheltering from poor weather, or

2.

J.

4.

taking time off.
Vessel fishing activity, with location, date, time,
depth, size, and success ofsets.
Weather and sea conditions.
Location and size ofsurface schools ofskipjack and
other pelagic fishes.

5. Lengths ofskipjack and other species in the catches.
6. Reproductive state and food contents of skipjack

and other species in the catches.

In addition, on some vessels skipjack gills and
alimentary tracts were collected for joint parasite
studies between MAF and the University of Queens-
land.

Fork lengths were measured to the whole centimetre
below the actual length in randomly selected samples
of 40 to 600 fish from all catches while observers were
aboard the vessels. For studies on reproduction and
feeding, 5 to 30 fish were dissected from occasional
catches. The developmental stage of the gonads was
judged by use ofcriteria described by Orange (1961)
and Raju (1964). Gonads which were larger than
rudimentary, thread-like structures were preserved in
formalin and later weighed and dissected ashore. All
stomachs which contained food were also preserved in
formalin and later examined ashore. The contents were
removed from the stomachs, lightly blotted to remove
excess liquid, and then weighed to the nearest 0. lg. A
record was also kept of all empty stomachs.

Ministry of Agriculture and Fisheries logs were kept
by observers and pilots aboard "spotter" aircraft flying
in support of the skipjack fishery. This applied mainly
to the four f,rxed-wing shore-based aircraft. Occa-
sionally, observers were also on vessel-based
helicopters during fish-spotting flights.

Sightings of numbers and sizes of schools were

recorded with the date, time of day, locality, and
weather and sea state. The behaviour and likely
"catchability" ofthe fish were also often noted. Schools
ofskipjack 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). Most observations were made from commercial
fish-spotting flights, supplemented by observations
from wider-ranging MAF aerial surveys. Sightings
effort by aircraft and purse-seine vessels is recorded in
Table l.

Abundance
Two measures of abundance are used in this pub-

lication, apparent and real abundance.

Apparent abundance is dehned by Marr (1951) as
". . . abundance as affected by availability, or the ab-
solute number of flrsh accessible to a hshery." 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. The half-day estimate was chosen
because during each half-day period it was usually
possible to eliminate double sightings ofschools and so
derive good estimates of the quantity of fish present at
the surface. It should, however, be appreciated that in
adding together such amounts, fish which were
quantified 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 fishery and is to some extent an overestimate.

However, there are other factors which caused the
measures of apparent abundance on each half-day to
be underestimated. These 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
different depths of the sea during the day, which would
have resulted in some proportion of the skipjack re-
source passing through the New Zealand region un-
sighted.

Real abundance refe¡s to estimates of the absolute
quantity of skipjack which passed through New
Zealand waters. This measure depends on the accep-
tance of the concept of a "body" of skipjack. In this
publication, this refers to a close-knit group ofschools
of skipjack that could be seen (through aerial and
shipboard observation) to be moving through the New
Zealand area as a unit. If this concept is accepted, a
measure ofreal abundance can be gained for each body
by addition ofthe largest half-day sighting ofeach body



to the quantity of hsh caught from it before the largest
sighting. By summing estimates obtained in this way
for all bodies seen, and adding the isolated fish which
probably did not contribute to any of the main bodies,
itwas possible to derive a measure of real abundance of
fish for the season (see page 2 l). The measure should be
largely free of double sightings, as it was based on
half-day sightings which recorded schools only once.

This measure ofreal 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 or isolated groups of fish which passed through
the New Zealand area were seen. Furthermore, little
account was taken of the large number of scattered flrsh
seen throughout the area during the season.

Hydrology
Sea surface temperatures were available from two

sources: observers recorded temperatures from the
purse-seine vessels during every set by use ofinsulated
water bottles and hand-held thermometers; and, as in
prevlous seasons (Eggleston and Paul 1978, Habib,
Clement, and Fisher in press, 1980), MAF received sea

surface temperature charts for the New Zealand region
from the National Oceanic and Atmospheric Admin-
istration of the United States Department of Com-
merce. The mannerinwhich the satellites measured the
temperature and the limitations on these data are
discussed in Eggleston and Paul (1978).

Watersamples for salinity analyses were collected by
the observers during every successful set.

Tagging
In February-March 1979 the South Pacific Com-

mission (SPC) conducted a skipjack survey and as-

sessment programme in New Zealand waters (Kearney
and Hallier 1919a), in which 11614 skipjack were
tagged and released from the Commission's pole and
line vessel Hatsutori Maru. Nine hundred and forty-
five of these fish were recaptured shortly after along the
north-east coast of the North Island, mainly by the
purse seiners flrshing the resource. Some preliminary
analyses of the tagging data were presented by Habib,
Clement, and Fisher (1980) to verify movements of
bodies of skipjack during the 1979 season. These data
will be analysed in more detail and will form the basis
of future publications by SPC.

More tagged skipjack were recaptured in New
Zealand utaters in 1980, once again mainly by the
seiners. Most had been tagged in New Zealand waters
in 1979 by Hatsutori Il,f aru; the remainder by the same
vessel off Australia in 1979 (Kearney and Gillett 1979).
Data on these recoveries, and on skipjack tagged in
New Zealand in 1979 and recaptured overseas, are
discussed later in this publication.

Defìnitions 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 searching and
fishing, travelling, in port, at anchor or at sea drifting,
and days off.

Days fished are days on which a net was set or there
was searching activity with the aim of setting.

A set is dehned 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
The fishery is discussed in terms of the areas shown

in Fig. l.

TABLE l: Sightings effott
ves¡els (x) by halfday bY are

fishery in New Zæaland

Area
DayABC

Nov 13 a.m.
p.m. +

t4

15

16

T7

18

19

20

2T

22

23

24

25

26

27

28

29

30

+

+x
+x
+x
+x
+x
+x
+x

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

+

+x
+x

+x

+

+

+x

+x
+x
+x
+x

+x
+x
+x
+x
+x
+x

+x

++

+

+
+



TABLE 1: Sightings effort from aircraft (+) and purre*oine ves_sels (x) by halfday by a¡oa in the 1980 purse*eine skipjack fishery in
New Zealand; poor weather is indicated (o) - contìnued
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TABLE 1: Sighling¡ effort f¡om aircr¡ft (+) And putoe{çine w¡çlr (x) by .h¡lfiry by atea in tho 1980 pr¡r¡e¡oine.¡kipjack fishe¡y in
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TABLE 1: Sightings effort ftom ¡irc¡¡ft (+) and pume*eine vessel¡ (x) by halfday by area ln lhe 1980 ptrsecelne skþjack firhery in
Nev Zealand; poor weather ls indicato¡l (o) - cantlnued
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TABLE 1: Sightingr effort f¡om ai¡craft (+) and purce+eine ve¡¡els (x) by halfday by a¡ea in the 1980 puræ+eine skipjack fishery
in New Zealand;poor weather is indic¿ted (ol - continued
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Results and discussion

Distribution and apparent abundance of skipjack
Su¡face schools of skipjack were seen in New

Zealand waters from 13 November 1979 to 17 June
1980. Half-day estimates of quantities seen were de-
rived for each atea investigated throughout the season
and these were totalled to yield overall half-day es-
timates for all areas (Fig. 2).

Early season sightings, Z November to 6 December,
east Northland

The first schools of skipjack were sighted in this area
on 24 November 1979 north of Cavalli Islands. Sight-
ings effort during the previous 2 days failed to find any
skipjack (Table l). From the 24th, fish were seen
consistently through to 6 December (Fig. 3). The lar-
gest half-day sighting during this period was 310 t (six
schools). The schools were often swimming at such
depth that their disturbance of the sea surface was
minimal. This made them diffrcult to see and led the
spotters to comment that there were probably more fish
in the area than they reported.

Early season sightings, east and north of Great Barrier
Island

The first skipjack were seen in this area on 13

November 1979 (one 5-t school). Through to mid
December, sightings effort was intermittent and
unrewarding apart from a small sighting on I I
December (three schools, 36 t). The first substantial
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1 2 3 4 5 ó 7 I 9 l0 ll 121314 15 ló1718192021222324252ó2728 293031

December

Fig. 2 (above and following pages): Half-day sightings by area and lor all areas combined during the 1980 skipjack season in New Zealand.

sighting (15 schools, 342 t) was made on the l6th,
north-east of Mokohinau Islands (Fig. a). Further in-
termittent effort failed to relocate these or any other
schools until the 25th, when three schools were sighted
near "the Cross", the position east of Great Barrier
Island where latitude 36o S crosses longitude ll6' E
(see Figs. I and 4). Quantities seen increased rapidly to
1000 t on the 27th. Skipjack were probably present in
this area for most of December, but the lack of con-
sistent and effective sightings effort during the month
failed to test this likelihood.

On I January the quantity of skipjack sighted near
the Cross had increased to I125 t. Over the next 4 days
this body of fish circled an area within 30 km of the
Cross and progressively decreased in size; the quantity
ofskipjack it contained fell to 330 t by the afternoon of
the 5th. This decrease was not caused by hshing pres-
sure, as only 184 t was caught from this body in early
January (Fig. 2). Nor was it caused by a downturn in
sightings effort, which was consistently high during this
period (Table l). There are three possible explana-
trons:
l. The fish were disappearing from the surface near the

Cross and reappearing shortly afterwards near The
Aldermen Islands, some 50 km to the south.

2. The f'rsh were disappearing from the surface near the
Cross and reappearing north of Mokohinau Islands,
some 70 km to the north-west.

3. The fish were disappearing from the surface near the
Cross and leaving New Zealand waters.
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Fig.3: laily location of the main concentration(s) of skipjack in
Northland waters,24 November to 6 December 1979.

Fig. 4: Daily location of the main concentration olskipjack east
and north of Great Bar¡ier Island, l6 December'i979 to 5
January 1980.

We believe all explanations are possible, either singly
or in some combination of the three. The bodies of
skipjack which subsequently surfaced to the south and
to the north-west (discussed in following sections)
contained fish which were indistinguishable in length
from those near the Cross in early January.

Sightings, 6 to 15 January, east and north of Great
Barrier Island

A body of flrsh became distinguishable just north of
Mokohinau Islands on 6 January (Fig 5). These frsh
may have been derived from the body present earlier
near the Cross, or they may have been new arrivals.
Over the following 9 days the body moved first towards
Poor Knights Islands and then south-east along the
shelf edge to the Cross. The quantity of fish sighted in
the body rose from 521 t on the 6th to 2120 t on the 9th
and fell to 1365 t on the l2th, 861 t on the l3th, 635 t on
the l4th, and'72 t on the l5th (Fig. 2, areaC). Sightings
were discontinued over the next 8 days because ofpoor
weather.

Sightings, A Janaary to end ofseason, east and north
of Great Barrier Island, and east Northland

Only small sightings were made in these areas during
this period (Fig. 2, areas B and C). For 4 days in late
January and 4 in early February, frsh were located in a
small area north of Mokohinau Islands. On the inter-
vening days, fish were also sighted near the Cross and
north-east of Cavalli Islands (Fig. 6). Fish may have
moved from Mokohinau Islands to the Cross and back
again between 29 January and I February. Between 7
and l0 February, the fish moved north towards Poor

April

Moy
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from the north-east as a new body of fish. Whatever its
origin, the body moved south-east to near Mayor Is-
land by 8 to 9 January. From there, it may have
continued south-east towards White Island, where
skipjack were found in mid January, or it may have
moved back to contribute to the sightings which were
made near The Aldermen Islands in mid January (see

Fig. 8). If this occurred, the fish near White Island in
mid January may well have been derived from another
immigration from the north-east (Fig. 7).

Whether there was one body of skipjack or more in
these movements, quantities seen were generally small,
with the maximum sighting of 390 t north-east of
Mayor Island on 8 January (Fig.2, area D).

Fig. 5: Daily location of the main concentration of skipjack east
and north ofGreat Barrler Island, 6 to 15 January 1980.

Fig. 6: Daily tocation of the main concentration(s) ofskipjack east
and north of Great Barrier Island and in Nofhland waters, 24
January to l0 February 1980.

Knights Islands and were then lost during the sub-
sequent period of poor weather. Vy'e believe those
found between Poor Knights Islands and the Cross
comprised one body, and those off Cavalli Islands
another.

Sightings in these areas through to the end of the
season were small and infrequent.

Early season sightings, Bay of Plenty
Although there was early season sightings effort in

this area (Table l), fish were not found until 29
December in three schools near Motiti lsland. The first
body to move into the Bay of Plenty surfaced near The
Aldermen Islands between 5 andT January (Fig. 7)*.
As already indicated, this body was possibly derived
from the body which was near the Cross in early
January (see Fig. 4). Alternatively, it may have arrived

Fig. 7: Daily location of the main concentration(s) of skipjack in
-the BaybfPlenty,5 to ll January 1980.

Sightings, 11 January to 3 February, Bay of Plenty
On I I January, skipjackwer

Mercury Bay. Over the next 3

around the area between Ma
dermen Islands. Eventually it travelled south-east to
White Island (Fig. 8). Quantities sighted were small
and sightings effort was frequently interrupted by poor
weather (Fig.2, area D).

Sightings, 19 February to end ofseason, Bay ofPlenty
From 2 February, when the previous body of fish in

were 5
). This
On the
Island.

This body moved into the eastern Bay of Plenty over the
next 9 days (Fig. 9) and the maximum half-day sighting
was 3771(Frg.2, area D).

* Notethatthe5toT
in Fig.2 under area
sightings are shown.
with the rest of the
Aldermen Islands in

24,25,26,28 )on,2,4,

l8



Fig.8: Daily lolation of the main concentrarion(s) of skipjack in
the Bay of Plenty. I I January to 3 February l980.

Fig.9: Daily locarion of themainconcentrarion(s) of skipjack in
the Bay of Plenty, l9 to 28 February 1980.

As in past seasons, occasional small and scattered
sightings were made on most days that there was
sightings effort during March, April, and May. How-
ever, for the first time sightings were also made in June.
The sea surface temperatures in the Bay of plenty in
June were close to the minimum tolerated by skipjack
of the size that visit New Zealand each summei lsee
page 29).

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

Point generally moved south-east along the shelf edge
overa lO-day period. The maximum half-day sightiñg
for this body was 771 t. The hsh were loit in miã
February during poor weather.

Fig. l0: Daily location olthe-main concentration(s) of skipjack
berween ReefPoint and Kaipara Harbour, 1 to l0 Febiúary
1980.

of this body, smaller quantities were found on 4 and 5
March.

Other skipj ghted in rhe wesr in
March. One ght (9 March, l0
schools, 280 t, 41" 00, S, lj l" 25,
E), another off Kaipara Harbour (10 March, 69
schools, 1600t), and anotheroffHokianga Harbour( l0
March, l6 schools, 558 t) (see Fig.2, March, areas H
and K).

After 13 March, few skipjack were sighted off the
west coast.

Season's sightings, East Cape to Hawke Bay
Skipjack schools were found in this area between 5

t9



Fig. I l: Daily loiation of the main concentration(s) olskipjack
-between -Manukau Harbour and New Plymouth, 4 to ll

March 1980.

TABLE 2: Quantities of fish æen and caught by halfday in the 1980 purse+eine skiPjack fÏshery in New Zßàl^rtd

Fie. 12: Daily location of the main concentration(s) of skipjack
-between Éast Cape and Hawke Bay, 5 to 26 February 1980.

Sightings by time of day
The greatest numbers of flrsh were seen in the

afternoon (Fig. 2, Table 2), partly because of more
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
multiple quantification of skipjack schools from
morning to afternoon, day to day, and even month to
month. Therefore the totals in Fig. 2 do not necessarily

Month

Nov
Dec
Jan
Feb
Ma¡
Ap¡
May
Jun
Nov-Jun

Quantity
sighted

(t)

33
1 150

13 2t9
4 785
2 510

0
60

t42
2L 899

Quantity
sighted

(t)

937
1 10s

11 553
7 525
9 460

62
215
110

30 967

Morning
Quaritity
caught

(t)

0
7

1 883
8t7
338

0
15
40

3 100

% canght
of quantity

sighted

0
0.6

14.2
L7.t
135

0
25.0
28.2
14.T

20

Afternoon+vening
Quantity

caught
(t)

24
43

2 722
I 52s
L 459

0
52

6
5 831

Vo catght
of quantity

sighted

2.6
3.9

23.6
20.3
15.4
0

24.2
5.4

18.8
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TABLE 4: Estimated minimum real abundance of skipjack in the New Zealand region during the 1980 ¡eason

Periocl that bodies
or distinguishable
guantities plesent Area

SNov A
1-10 Feb A &K
24 Nov-6 Dec B
27-3OJat B
Feb B
Mar B
13 Nov C
16 Dec-S Jan C
6-15 Jan C
24 Jan-10 Feb C
Mar C
5-11Jan C&D
11 Jan-3 Feb C & D
Dec D
19-28 Feb D
Ma¡ D
Ap¡ D
May D
Jun D
5-25 Feb E
9Ma¡ H
11 Ma¡ I
Feb J
4-10 Mar J
10 Ma¡ K

Max.
sighting*

(t)

15
771
310
348
40

5
5

I 125
1 365

435
150
52t
368

35
377
60
50
40
63

310
220
220
170

1 750
2 158

Catch f¡om body
befo¡e max,
sighting (t)

0
T 281

24
216

0
0
0

70
L 493

827
0

47
139

0
L4
68
0

88
27

120
0
0
0

521
0

Estimated min.
¡eal abundance

(t)

15
2 052

334
564
40

5
5

1 19s
2 858
t 262

150
s68
507

35
39r
L28
50

128
90

430
220
220
t70

2 27t
2 158

ls 846

* O¡ a smaller sþhting, as explained in text,

Occasionally a smaller half-daysighting was used as
a starting point, when such a sighting, added to the
previous catch from a body, resulted in a larger es-
timate of real abundance than the sum of the largest
sighting and previous catch. For example, the max-
imum half-day sighting for the body in area B from2'l
to 30 January was 450 t (see Fig. 2), but there was no
catch from the body before this sighting and therefore
the estimated quantity of fish would have been 450 t.
The half-day sighting used was the 348 t of the after-
noon of the 28th. This, added to the 216 t caught on the
morning of the 28th, gave an estimate of minimum real
abundance for the body of 564 t (Table 4).

By summing estimates for all bodies and adding the
isolated fish which probably did not contribute to any
of the bodies, a measure of real abundance for the
season - 15 846 t - was derived. This measure, as
already explained, should be regarded as a minimum.

Catch, effort, and catch per unit ofeffort
The season beganinNovember and flrnished inJune.

During this time the fleet worked ll92 season-days,
divided among various activities (Fig. l3). This was the
greatest number of season-days worked so far in this
fishery.

Another notable feature of the 1980 season was that
the proportion of season-days spent searching and
lrshing (357o) was the lowest for any season (range for

42O óoys seorching
ond fishing

3s%

22

Fie. I 3 : Days ñshed and days lost in the I 980 purse-seine skipjack
"fishery in New Zealand.



the last four seasons 40Vo to 57To), a direct result of the

During the 420 days fished, 8931 t of skipjack were
caught: 24tinNovember, 50 t in December,4605 t in
January, 2342 t in February,1797 t in March, 67 tin
May, and 46 t in June (Fig. l4). No fish were caught in
April. This is the first season that catches have been
made in May and June; skipjack have been seen during
these months in the past, but not in purse-seinablè
quantities.

availability, size, and catchability of the skipjack re-
source. The largest quantities were seen between Jan-
uary and March, with only small sightings in the other
months. Catchability varied with time and place. The
flrsh which moved south-east along the edge of the

Effort
Days

searching
Season- and
days fishing Sets

%of Voof Voof
No. total No. total No. total
305 2.6 5.0 1.2 10 |.6
565 4.7 29 5 7.0 26 4.2

447.0 37 5 1905 45.4 270 43.2
252.0 2r.t 85.0 20.3 r22 195
79.O 6.6 14.0 3.3 20 3.2
25 0.2

continental shelf (200-m depth contour) between
Mokohinau and Great Barrier Islands in January were
particularly catchable, as is borne out by the high
January catch rates in this area. We believe that tñe
extended period of fine weather at that time con-
tributed considerably to the catchability. Skipjack were
less catchable in February and March (lower catch
rates), when weather and sea conditions were often
only marginal for purse seining.

Catch and effort by area
There was seiningin seven areas on the N ewZealand

coast (see Fig. l). Almost half of the season's catch
(4168 Ð was taken in area C (east and no¡th of Great
Barrier Island) with about two-fifths of the f,rshing
effort. Most of the fìshing in this area was done iñ
January ( I 92 season- days, 123 days f,rshed, 2 I 3 sets, 9 I
successful sets, 3858 t caught), and catch rates for the
area were higher than the season's means (Table 5).

Thewestcoastar plymouth)
and K (south-west t in impor-
tance; the combine was about
one-third of the season's total, taken with about one-
quarter of the effo¡t. The fishing in these a¡eas was in
February and March, and catch rates were consider-
ably higher than the season's means.

made there.

Catch/effort
Catch

Catch per day Catch
Successful per searching Catch per

sets season- and per successful
%of day fishing set set

No. total (t) (t) (t) (r)

7 2.4 6.8 41.4 20.7 29.6
16 5.4 7.0 135 15.3 24.9

109 36.9 9.3 21.9 15.4 38.2
64 21.7 3.3 9.8 6.8 13.0
9 3.t 2.4 13.5 9.5 2t.O

TABLE 5: Catch, effort, and catch per unit of effort by area in the 1980 purse+eine skipjack fishery in New Zealand

108
69

0
I 670
L 468

A¡ea

A
B
c
D
E
F
G
H
I
J
K

Catch
Quantity 7o of

(t) total

207 2.3
398 45

4 L68 46.7
831 9.3
r89 2.1

0 38.0 3.218.7 1465 12.3
16.4 465 3.9

935T 7.8

2.0 0.5
585 r3.9
35.0 8.3

1.7.3
11 .0

50 16.9 IL.4 28.5 15.5 33.440 13.6 21.6 41.9 21.3 36.7

8 931

* No fishing.

t Outside New Zealand - days spent travelling to and from, and discharging fish at, the cannery in American Samoa.

L 192.0 4195 29562s 7.5 21.3 14.3 30.3

23



C
ot

ch
 (

1 
x 

10
0)

S
H

A
D

E
D

 C
O

LU
M

N
S

 
S

H
O

W

N
o.

 o
f 

se
os

on
-d

oY
s

N
o.

 o
f 

do
ys

 f
is

he
d

o. o

d.
åd

oõ
88

C
ot

ch
/ 

se
os

on
-d

oy
 (

t)
 

C
ot

ch
,/d

oy
 f

is
he

d 
(t

)

of
 s

et
s Ñ
) o o

N
o

f.J 5

0 o ô o ) 1 o o- =o

11 qa È ? o o p Õ ; Ò
' r Þ Ê
-

Ê
D o o ô' o € Ø 'õ @ o @ Jl
. Þ Õ f @ a z o f N Þ Þ a.

(¡
õ

C
ot

ch
,/s

et
 (

t)

:^
l:)

g)
S

(J
r"

O
O

O
O

G
R

A
P

H
 T

IN
E

S
 S

H
O

W

C
ot

ch
/ 

su
cc

es
sf

 u
l s

et
 (

t)



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

between 30 and I 100 m (Table 6). However, fishing was
concentrated along the edge ofthe continental shelfin
depths of 100 to 399 m. There, three-quarters of the
se ason's catch was taken with about the same
proportion of the season's effort and at the highest
catch rates (per set, per successful set).

Catch and effort by time of day
Se ts were made between 0630 and 2130 hours. Over

half the fish were taken in the afternoon with about the
same proportion ofthe season's effort and at catch rates
(per set, per successful set) close to the season's means.
Fewer hsh were caught in the morning, but at catch
rates better than the season's means, and still fewer in
the evening (Table 7).

Catch and effort by moon phase
Almo

fuli mo
season's
set) clos
third of the catch was taken in the last quarter at catch
rates substantially higher than the season's means.
Fewer frsh were taken during the other phases and at
lower catch rates.

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

temperatures ranged from 15.5o to 23.9"c (Table 9).
However, most (7775 t) were caught in 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 formore time during the skipjack season

T,A'BLE 6: Catch, sets, and set success by bottom depth in the 1980 purse-seine skipjack fishery in New Zeatand

Depth
(m)

0-99
100-199
200-299
300-399
400-499
500-599
600-699
700-799
800-899
900-999

I 000-1 100

Catch per
set (t)

5.1
10.1
16.8
23.6
t4.4
20.6
15.1
2t.4
14.8

4.3
4.6

Successful
sets

32
85
80
36
10
10
))
l0

,1

1

2

Catch per
successful

set (t)

9.3
22.5
39.s
46.0
31.7
47.3
24.7
36.3
23.3
26.0
11.5

Catch
(t)

296
r 9t4
3 1s8
1 655

3r7
473
543
363
t63

26
23

%of
total

J.J

2r.4
35.4
185
3J
5.3
6.1
4.t
1.8
0.3
0.3

Sets

58
189
188
70
22
23
36
T7
11

6
5

%of
total

9.3
30.2
30.1
Lt.2
35
3.7
5.8
2.7
1.8
1.0
0.8

%of
total

10.8
28.8
27.r
12.2

3.4
3.4
7.5
3.4
2.4
0.3
0.7

8 931 62s t4.3

TABLE 7: C-ztcll,, sets, and set success by time of day in the 1980 purse*eine skipjack fishery in New Zealand

Catch
(t)

0
3 095
4 869

967

Vo of
total

0
34.7
54.5
10.8

%of
total

0
30.7
s6.3
13.0

Catch per
set (t)

0
16.1
13.8
1 1.9

Successful
sets

%of
total

0
30.s
5 8.6
10.8

30.3

Catch per
successful

set (t)

0
34.4
28.1
30.2

30.3

Catch per
successful

set (t)

18.0
18.4
30.4
46.8

29s

Time of day

0000-05s9
0600-i 1s9
t200-t759
1800-23s9

Moon phase

New moon
First quarter
Full moon
Last quarter

Catch per
set (t)

8.3
105
13.7
20.4

Successful
sets

23
74

r29
69

Sets

0
192
3s2
81

0
90

173
32

8 931 625 14.3

TABLE 8: Catch, sets, and set success by moon phase in the 1980 purseseine skipjack fishery in New Zealand

29s

Catch
(r)

415
I 362
3 926
3 228

%of
total

4.6
15.3
44.0
36.1

%of
total

8.0
20.8
45.9
2s.3

7.8
25.1
43.7
23.4

%oî
totalSets

50
130
287
1s8

8 931 625

25

14.3 295 30.3



TABLE 9: Catch, sets, set ¡uçcess, and fishing effort (searching and fishing) by sea surface temPeratue in the 1980 purse+eine skipjack
fishery in New Zealand (temperatures from shipboard records)

Water temp.
¡ange Cc)
15,0-15.9
16.0-16.9
L7.0-t7.9
18.0-18.9
19.0-19.9
20.0-20.9
2t.o-zt.9
22.0-22.9
23.0-23.9

Catch
(t)

t2
83
18
44

2 349
2 825
2 601

689
105

Vo of
total

0.1
1.0
0.2
0.5

26.9
32.4
29.8

7.9
t.2

Catch per
set (t)

6.0
5.9
3.6
2.4

16.3
13.1
20.8

9.1
2L.O

Successful
sets

2
6
3
4

82
93
58
35
4

Catch per
successful

set (t)

6.0
13.8

6.0
11.0
28.6
30.4
44.8
L9.7
26.3

Sets

2
T4

5
18

r44
215
125
76

5

0.3
2.3
0.8
3.0

23.8
3s.6
20.7
12.6
0.8

Vo of
total

0.7
2.1
1.0
1.4

28.6
32.4
20.2
t2.2

1.4

%of
total

8 726* 604* 14.4 287* 30.4

Fishing effort expended during the fortnþhtly periods

8lr2- 221L2- slr- tglt- 212- 1612- tl.1- 1s/3- 291.3- \Zl.+-2ttL2 4lr 18/1 Llz lslz 2912 L4l3 2813 ttl4 2514
24ls- 716-
616 2016

,l
,l ,/

2614-
els

10/s-
23ls

Water temp. 24lll-
range (t) 7ll2
15.0-15 .9
16.0-16.9
L7.O-17.9
18.0-18.0 ,/
19.0-19.9
2o.o-20.9 ,l
2t.o-2r.9
22.0-22.9
23.0-23.9

than warmer and cooler water. As a result, a lat5e
proportion of the fishing effort (807o of monitored sets,

8l7o of monitored successful sets, searching and frshing
during 20 of the fortnightly periods f,rshed during the
season) was expended in skipjack water. Catch rates,
too, were highest in that water.

Sea surface temperature measulements from satellites
in relation to the skipjack fishery

V/eekly
theNewZ
1980 are p
skipjack s

season.

k wate¡ first aPPeared late
r. By late December it the
to Hawke BaY and bY e the
Coast. In the west, wa late

,l ,l
,/ ,l ,/ ,l ,l ,/ '/,/J,1,/,1,/,1

,/,1,/r/l
,/ ,/ ,l ,/ ,/

,l ,/

* Temperatures \¡/ere not recorded from 21 sets and the¡efore the totals of catch and sets a¡e less than the season's totals'

February and mid
rapidly disappeare
there was no skipja

Some of the sea surface temperature charts from
satellites (Fig. 15, charts for the weeks ending 27

November, 2l January,25 February, 2l April, l9 May'
and 17 June) suggest that there was some mass

"movement" of a tongue of warm water south to and
north from N ew Zealand during the season. Eggleston
and Paul (1978) described a similar feature in 1977 and

warming and cooling and also water movement.

Our suggestion ofwater movement is based on aerial
and shipboard observations ofskipjack water over the
last fivè seasons. This water could often be clearly
distinguished from the air as a tongue of deep blue
water appearing to flow or "push" into the blue-green
water oñ ìhe N ew Zealand coast. These tongues seemed

to be subtropical in origin, as

variety of subtropical species su
(for example, striped marlin
sharks (for example, mako Isurus oxyrinchus), manta
rays (Mobula sp.), and flying frsh (Cypsilurus sp'). If
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Fig. 15 continued.

and a salinity close to 35.5 parts per thousand.
Skipjack were generally found and fished in skipjack

water; notable exceptions were the sets made in cooler
water in the Bay of Plenty in June, where sea surface
temperatures ranged between 15.5. and 16.J"c.
Skipjack have been found in cold water of similar
temperatures in earlie¡ seasons, for exarnple, in Oc-
tober-November 1975 (see Clement. 1976). -îhese ob-

These observations conform generally with estimates
made by Barkley, Neill, and Gooding (1978) of tole-
rance of eastern Pacific Ocean skipjack to water tem-

Salinity
(%"'¡

34.90-34.99
35.00-35.09
35.10-35.19
35.20-35.29
35.30-3s.39
35.40-35.49
35.5 0- 35.5 9
3s.60-35.69
35.70-3s.80

perature as a function of fish size. They contend that
with increasing size, skipjack ". . . should be limited to
lower and lower environmental temperatures . . .".
However, the limits they propose are much higher than
those which have been found for skipjack in New
Zealand.

Given the high correlation between the distribution
of skipjack and skipjack water, the satellite dala are
useful in leading to a broad understanding ofskipjack
distribution in New Zealand in summer. If they were
available closer to the time that they were collected,
they would also have some predictive value.

Catch and effort by sea surface salinity
Skipjack were caught in a¡eas where sea surface

salinities ranged from 34.9 to 35.8 parts per thousand
(Table l0). Almost two-thirds of the catch was taken in
water of 35.0 to 35.5 parts per thousand salinity with
about the same proportion of the season's effort and at
catch rates (per successful set) close to the season's
means. Most of the remaining catch was taken in water
of higher salinity at catch rates much greater than the
season's means. Only 34 t ofskipjackwere caughtin low
salinity water. This was in Hawke Bay in February

TABLE l0r C¿tch and successful sets by sea surface salinity in the 1980 purse+eine
skipjack fishery in New Zealand

Catch
(t)

34
ro4
306
022
111
458
984
663
341

%of
total

0.4
1.3

16.3
12.7
13.8
18.2
24;l

8.3
4.3

Successful
sets

3
5

38
34
40
49
48
13

9

%of
total

1.3
2.t

15.9
14.2
16.7
205
20.r
5.4
3.8

Catch per
successful

set (t)

11.3
20.8
34.4
30.1
27.8
29.8
4r.3
51.0
37.9

8 023 239*

* Wate¡ samples were not taken f¡om 56 successful sets.
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when fishing was near known areas of artesian up-
welling of fresh water.

It is commonly believed, and physiological experi-
ments seem to support the belief, that salinity itself has

little direct effect on skipjack (see Blackburn 1965,

Seckel 19'72, Dizon 1977). Rather, salinity measure-
ments can be important in characterising and detecting
oceanic features with which skipjack associate.

Further comments on skipjack water

and southward components of flow nearNew Zealand,
and it is further characterised by high temperature and

(Seckel 1972).

Purse-seine fishing and the l2-mile limit
Almost nine-tenths of the season's catch (8031 t) was

taken outside the l2-mile territorial sea and the
remainder (900 Ð inside (Table I l). As in past seasons,

hshing was concentrated along the 200-m depth con-
tour, which was close to the l2-mile limit (see set

positions, Fig. 1).

The distribution of catches in relation to the l2-mile
resoufce;
t was also
exPulsion
chartered

seiners in 1979 for allegedly fishing inside the limit, and
an assurance that the N ew Zealand G overnment would

inside the limit while in set (data in MAF fltles).

seiners concentrated their efforts. Even the small ves-
sels achieved their best catch rates offshore.

TABLE l1: Catch and æt data for fishing inride the l2-mile limit by large (Il) and ¡m¡tl (I¡) puree+eine vescelc and outside the limit
by la¡ge (Ol) and ¡mall (O¡) ves¡el¡ in tho 1980 purseæine rkipjack fishery in New Zeal¡nd

Vessel Catch
(t)

118
782

7 43r
600

%of
total

Catch per
set (t)
ro.7
5.0

t9.6
75

Successful
sets

Catch per
successful

set (t)

19.7
10.9
39.s
20.7

% of.
total

%of.
tot¿l

2.0
24.4
63.7
9.8

1.3
8.8

81.2
6.1

u
Is
ol
Os

Sets

11
155
379
80

1.8
24.8
60.6
12.8

6
72

188
29

8 931 62s t4.3 29s 30.3
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Biology

Length-frequency distributions
During 1980, 31 98 I skipjack were measur ed (l.l4To

of the estimated total number of fish caught during the
season). Catches sampled by area werc 12 in B, 100 in
C, 42 in D, 9 in E , 44 in J, and 37 in A and K. All length
measurements were grouped by 2-week intervals by

e a record of the length composition of
oughout the season (Fig. l6). These data
changes in the location of the fishery

son.

Catches made in late November off east Northland
(area B) contained large 5 I - to 63-cm fish (2.8 to 5.6 kg
in weight). The only other catches made in this a¡eá
were in late January and most fish were 46 to 54 cm (2
to 3.4 kg). However, 3 of the I I catches sampled at this
time also contained a distinct group of fish 

-of 
3i Io 4l

cm (l to l.akg).
East and north of Great Barrier Island (area C) in

December-January most fish were 46 to 54 cm with a
peak (mode) in the length-frequency distributions at 5l
cm. In early February these fish we¡e joined by the
same small size group that appeared in area B in

Length-frequency samples from catches made in the
Bay of Plenty (area D) between early January and late
February were similar to those from area C for the same
period. However, by March the numbers of inte¡-
mediate-sized fish (47 to 48 cm) had increased so that
they constituted a similar proportion of the catches to
that made up of larger (5l-cm) frsh. The small fish

by the end of March
o43cm(l.4to l.6kg).
this area late in the

season, and the fish were larger as the season neared its
end. O were 48 to 58 cm (2.3 to a3 kg),
wltf a (3.a kg); on 17 June, the last dãy
of the s re 53 ro 63 cm(3.2 to 5.6 kg), with
a peak ).

Nine catches were sampled between East Cape and
Hawke Bay (area E) in February. Early in rhe month
fishing was in the north of the area. The catches there
contained 46- to 57-cm fish (2 to 4 kg), with a peak at 5l
cm (2.8 kg). Later in the month fishing was to the south,
and the size range of skipjack in these catches was
similar to that in the north. However, the peaks in the
length-frequency distributions were at 54 to 55 cm (3.4

to 3.6 kg). This seems to indicate that there were two
bodies of skipjack on this coast in February.

In February 37 catches were sampled near Reef
Point, which is on the dividing line between areas A and
K. As skipjack moved freely between these areas,
length samples from the catches in both have been
combined (see Fig. l6). The catches contained 46- to
56-cm fish (2 to 3.8 kg), but within this size range there
were two close peaks in the length-frequency dis-
tributions. One, at 49 cm (2.4 kg), was the only peak
present in the catches between the lst and the 4th. On
the 5th it was joined by a peak at 5l to 52 cm (2.8 to 3
kg). Subsequently the sma om
the catches, which becam ger
fish. There may have been ear
Reef Point at this time, represented by the two different
dominant sizes of fish, and the smaller fish may have
moved on as the larger ones arrived on the coast.

In March 44 catches were sampled north-west of
New Plymouth (area J). The catches contained mainly
48- to 56-cm fish (2.3 to 3.8 kg), with a peak at 52 cm (3
kg). Also present, but in much smaller numbers, were
small skipjack (38 to 45 cm,l to 1.8 kg, peak at 42 cm,
1.s kg).

The estimated numbers of fish at different lengths in
the 1980 catches are presented in Table 12. These

number of

å'"',i,'J,ili;
up by the

weights of the catches to yield total weights of hsh at
each length, which were then converted back to total
numbers at each length.

Length-weight relationship
A relationship was not calculated for 1980 f,rsh, but it

was probably similar to that derived lor 1977 fish (see
Fig. 6 and Table 4 in Habib 1978a). That relationship
has been used here to calculate all the equivalents of
weight for fish of given lengths.

Food and feeding
Stomachs were examined from 1237 skipjack during

the season. The flrsh in the samples rangèd in length
from 38 fo 67 cm, but most were clgse to 5l cm (iee

3r
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A predominance of crustaceans in the diet of small
(up to about 50-cm) skipjack has been found in

55 -75 35 5s 75
Length (cm)

skipjack and found that these ranged from about 0.9
mm in 22-cm fish to 1.5 cm in 67-cm fish (see their Fig.
2). They then related their data to rhe percentage õf
crustaceans in the stomachs of central Pacific Ocean
fishes (based on literature records). Generally the
records supported their hypothesis that fish with a
smaller gill. raker gap have a greater proportion of
smalle¡ organisms in their diet. They viêweã the rela-
tlnship_ as functional. Other studies (for example,
Yuen 1959, Waldron and King 1963) showed thai as
skipjack increased in size, the¡e was a change in diet to
larger prey species such as hsh.

Other food items in fish sampled during the season
included fish remains, with sulficient mãterial occa-
sionally present to enable identification of pilchard
Sardinops neopilcharduü saury Scomberesox saurus,
and marine hatchetfish Maurolicus muelleri. Small
quantities of the squid Noiotodarus sloani and liquíd
remains were also present.

Few fish contained much food. Seventy-nine percent
of stomachs with food were less than one-quarter full,
l77o between a quarter and half full , and 4To over half
full (Fig. l8). The fullness curves in rhis figure are based
on an observation that in all stomach samples cöllected
in New Zealand in the last five seasons, the maximum
recorded_weight of food in any fish was 5.32o ofthe body
weight. We believe, then, that 5.57o of the body weight
is a fair estimate of the maximum (full) stomÀch
capacity of skipjack of lengths from 38 to 66 cm which
are taken in the purse-seine flrshery in New ZeaIand.
The other curves are half and one-quarter of those
values.

The curves have lower values than those shown in
Habib (1978a), which were derived from a maximum

26 Ao¡
-9M'oy

24 Mov
-6 lun'

Areos B Aond K

n 642
Lfó

= 105
=l

n = No. of fish meosured

Lf = No. of cotches sompled

7-20
Jun

35 55 75 35 55 75 35 55 7s

Nycfþones oustrolis 92.6%

Fig. l7: Sjomach contents ofskipjack caught in the l9g0 purse-
seine fishery in New Zealand
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stomach cap agnuson (1969)

in feeding Jt Habib (1978a)

commentãd re ProbablY too

level of feeding.
All feeding data were analysed in the examination of

diurnal variation in stomach contents. The proportions
of stomachs containing food were calculated for five

example, Nakamura 1965).

largest numbers at night. Diurnal variation in feeding
may also reflect the effects of satiation with food' As

explained by Nakamura (1965), "Skipjack, starting the

TABLE 12: Estimated numbe¡ of skipjack of different lengths

in the 1980 puræ+eine catch in New Zealand

Length
(cm)

31
32
33
34
35
36
37
38
39
40
4t
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

Est, No. in
season's catch

40
0
0

180
290

60
560

2 180
7 330
8 260

13 000
19 800
L',t 620
t9 740
4',t 530
97 140

162 700
238 480
348 800
500 560
609 920
546 180
338 520
175 520

82 700
48 170
26 830
18 000
rt 260
9 110
3 840
29lO
1 5?0

270
0

360
170

% of est,
total No.

*
0
0

0.2
0.2
0.4
0.6
05
0.6
r.4
2.9
4.8
7.1

10.4
t4.9
r8.2
t6.3
10.1
5.2
25
1.4
0.8
05
0.3
0.3
0.1

0

o
x
(t)

s(t)
'õ
)

-(t
o
o

L

40455055ô()0
Fork length (cm)

Fis.. l8: Stomach fullness plotted against body length ofskipjack- ocaught 
in the 1980 puise-seinefshery in New Zealand'

3 359 600

* Less than O.L% of iotzl,

darkness."

Gonad condition
Gonads were examined in the fish dissected for

"immature" in various classifications (see Raju 1964)'

The male gonads ranged in weight from 0'2 to l3 g and

showed no signs of develoPment-
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Fig: I9: Diurnal feeding rhythm ofskipjack caught in the 1980

purse-seine fishery in New Zealand.

The skipjack from which gonads were dissected
ranged from 38 to 66 cm. Most were over 45 cm, the
length at which this species usually undergoes first
spawning (Brock 1954, Yoshida 1964). Astherewereno
signs that these fish had spawned, they were probably
soon to spawn in other parts of their range.

Skipjack population identification
In earlier seasons large numbers of blood samples

were collected from the purse-seine catches for genetic
studies on skipjack population identif,rcation. The
samples were sent to Australian National University
(ANU) for analysis. The results of the analyses are
being prepared for publication.

In 1979, further blood samples were collected from
skipjack in NewZealand by SPC staff(see Kearney and
Hallier 1979a). These samples were also analysed at
ANU. Electrophoretic techniques were used to deter-
mine the gene frequencies of the enzyme serum ester-
ase. The New Zealand samples showed the greatest
affinity with samples collected in Fiji and Wallis Is-
lands (see Fig. I and Tables I and 2 in South Pacific
Commission 1980).

Skipjack parasites
A large number of samples of skipjack viscera (gills,

alimentary tracts, and gonads) were collected from
purse-seined fish during the 1980 season. These were

sent to the University of Queensland to initiate a joint
study on the parasites of New Zealand skipjack, and
they are being analysed.

Skipjack tagging and migrations
Since we last reported on skipjack migrations in New

Zealand waters and migrations to and from New
Zealand (Habib, Clemenr, and Fisher 1980), data on
further migrations have come to hand through SpC's
Skipjack Survey and Assessment Programme (see
Kearney 1977a, 1978, 1980, interim reports listed in
Kearney and Hallier 1979b).

Many of the data are from fish which were tagged in
New Zealand in 1979 on SPC's research vessel Ilal-
sulori Maru (Table 13) (see Kearney and Hallier
1979a). Most we¡e recaptured in New Zealandin 1980
by the purse seiners. Periods that the flrsh were atliberty
ranged from 284to 463 days. The data therefore appear
to describe movements of skipjack in New Zealand
waters over periods including the winter of 1979.
However, t ly to have over-
wintered in suggest that they
left New Z cooling and re-
turned duri

That the ocean produce an
environment unsui orne out by
satellite recordings Sea surface
temperatures on the fishing grounds around the North
Island during the 1919 winter fell to between I I o and
l5 oc. Some recent hydrological work by us on the main
New Zealand skipjack f,rshing ground east and no¡th of
Great Barrie¡ Island showed that in winter the tem-
perature of the sea water is fairly uniform between the
surface and a depth of 120 m (data in MAF files). It is
likely, therefore, that the surface temperatures from
satellites for the 1979 winter were representative of
temperatures to at least 120 m deep, which makes it
improbable that skipjack remained on the New
Zealand coast, at the surface or at depth. (Note that
skipjack generally occur between the su¡face and a
depth of about 100 m, though they have been found
deeper; see Yabe, Yabuta, and Ueyanagi 1963, Stras-
burg, Jones, and Iversen 1968.)

Further evidence for skipjack leaving New Zealand
waters by the 1979 autumn is that no schools were
sighted at the surface after that time by the aerial fish
spotters flying in support of the winter New Zealand
pelagic fishery. This hãs been true of the last four
seasons.

We also have direct evidence from tagging that
skipjack left New Zealand waters at some time during
or after the 1979 season. Table l4lists l2 fish which left
the area. Nine of these were tagged in the same schools
as the frsh which we claim (above) also left New
Zealand. (compare release and recapture data in Tables
l3 and l4), but whereas these nine were recaptured in
latitudes north of New Zealand,the others reiurned to
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TABLE 13: Dat¿ for skipjack released in New Zerland }r¡¿ters during the lgTgrskirdack seasoîHlätråî*d in New Zealand during the 1980 season (data from Kearnev and Ilallier

Release data Recapture data

Fish
length
(cr¡)

Fish
length
(cm)

Distancex
(km)

lr)
o\

Date

22.2.79

22.2;19
22.2.79

22.2.79

22.2.79

22.2.79

26.2.79

27.2.79

27.2.79

27.2.79

2.3.79

2.3.79

2.3.79

2.3.79

2.3.79

2.3.79

2.3.79

2.3.79

3.3.79

3.3.79
3.3.79

5.3.79
6.3.79

6.3.79
6.3.79

6.3.79

6.3.79
6.3.79

6.3.79

6.3.79

6.3.79

6.3.79

6.3.19
6.3.79

47.0
s0.0
45.0

46.0
46.0
44.0

48.0
48.0
48.0

46.0
45.0

4s.0
48.0
46.s

45.0
46.0
47.0

41.0

47.O

52.0

50.0
445
48.0 ?

46.0

41.0

46.0
46.0
46.0
49.0
49.0
475
47.0
465
47.s

Date

10.1.80

10.1.80

24.r.80
19.2.80

10.1.80

1.1.80

7.2.80
9.2.80
1.1.80
4.2.80

26.1.80

7.6.80

1.1.80

28.1.80

27.3.80

7.2.80

9.1.80

13.1.80

26.1.80

10.1.80

27.1.80

14.1.80

9.3.80
14.1.80

7.2.80
26.1.80

7.2.80

31.1.80
20.2.80

1.1.80

4.2.80
10.1.80
2.6.80
9.2.80

Position

35"36'S, 175015',E
35036',S,1?5015',E

35"36' S, 175"15', E

35"20',S, r74"48',8
35020', S, 174"48'F.
35020',S, L'.l4"48'E
34055', S, 1t3054',I'
35013',S, L74"35',F,'

35"13', S, 174o35', E

35013', S, L74"35'.8
35o24',S, 174"54'E
35026' S, 174"53'.8
35"26', S, 174053'.8
35o26', S, r74o53'.8
35"26' S, t74"53'F'
35026', S, 174"53',E
35"27'. S,174"52' E

35027',S, 174052',8
35o32', S, 174"49'E
35032'S, 174"49',8
35"31', S, 174"50',E
3503?' S, 175011' E

35051'S, 175030'E
3505l',S, 1?5%0',E
35o51', S, 175"30', E

3505l',S, 1?5%0',E

3505l',S,1?5030',E
35o51'S, 1?5o3o',E

35051' S, 175030'E
35"5l',S, 1?5"30'E
35"53' S, t75"34'.8
35053', S, 1?5%4'E
35o53' S, 175"34'E
35046', S, 175"28',E.

General area

Poor Knights Is

Poor Knþhts Is
Poor Knþhts Is
Poor Knights Is
Poor Knþhts Is
Poor Knþhts Is
Cavalli Is

Cape Brett
Cape Brett
Cape Brett
Poor Knþhts Is
Poor Knþhts Is
Poor Knþhts Is
Poor Knþhts Is

Poor Knþhts Is
Poor Knights Is

Poor Knþhts Is
Poor Knþhts Is
Poor Knþhts Is

Poor Knights Is
Poor Knights Is

Poor Knights Is
N of Great Barrier I
N of Great Barrie¡ I
N of Great Barrier I
N of Great Barrier I
N of Great Barrier I
N of Great Ba¡rier I
N of Great Ba¡rier I

N of Great Ba¡rier I
N of Great Ba¡rier I
N of Great Barrie¡ I
N of Great Barrie¡ I
N of Great Ba¡rier I

Position

35"37', S, 175006'E

35%4', S, 175"02'F'
35o39', S, 175o10',8

37o40' S, 176o43', 8
35034', S, L75"02'E
35"52'S, t76"02'.I.
35o2g' s, L72o55',F.

37057'S, 1?8035'E
35052', S, r76002',8
35048', S, 175"14'F'
35055', S, 1?5040',8

37"22', 5,t76"12'.8
35052', S, L'.l6"O2',E

34039', S, 174"09'E
37"46'.5,1?6050',E
38021',S,178041'E
35"35', S, 175011', E

36044', S, r76"16',8
35"55'S, l'15"40',8
35"33', S, t75"02',8
35034', S, 175"32',F'

35"52' S, 176"07',8
3?o51' S, 1',1.7009'E

35051' S, 176006' E

35028'S, 172055',8
35051' S, 175036', E

39021' S, 178"41', E

35028' S, 174"52', 8
39035', S, 

'77027',835052' S, 176"02',8

35"19' S, 172%5'.8
35"42' S, 175000',E

3?"28'S, t76"21',8
35050' S, 175000'E

General area

Poor Knþhts Is
Poor Knights Is
Poor Knþhts Is
Bay of Plenty
Poor Knights Is

The Cross

Hokianga Harbour

East Cape

The C¡oss

Mokohinau Is
NE of Great Barrier I
Mayor I
The Cross

Cavalli Is

Bay of Plenty

S of East Cape

Poor Knights Is
The Aldermen Is
NE of Great Barrier I
Poor Knights Is

NE of Mokohinau Is

The Cross

Bay of Plenty
The Cross

Hokianga Harbour

N of Great Ba¡rie¡ I
S of East CaPe

Poor Knights Is
Hawke BaY

The Cross

Reef Point
NW of Mokohinau Is

Bay of Plenty
NW of Mokohinau Is

54.0 14

-t 20

s4.4 9

- 311

-34
s1.4 126

52.8 109

5 3.0 469

56.0 1s0

-88
s 1.0 90

57.0 245

s5.3 115

52.0 100

- 3r2
5 3.0 468

55.0 32

s 1.5 190

s5.0 88

60.0 20

s9.0 64

-89
47-0 2 266

-54
50.1 237

9

5 3.0 396

5 3.s 7l
5 3.0 449

-48
- 277

5 3.0 s5

s4.0 189
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6.3.79

13.3.79

20.3.79

20.3.79

20.3.79

20.3:t9
20.3.79
20.3.79
21.3.79
23.3.79

23.3.79

23.3.79

24.3.79

24.3.79

44.0 ?

505
4s5
455
45.0

45.0
47.0
46.0
47.0
45.8 ?

4s.8 ?

45.8 ?

46.0
47.O

6.2.80 *
to

7.2.80

30.1.80

1980

26.3.80

10.1.80

27.3.80
10.1.80

12.1.80

12.1.80
14.1.80

10.1.80

4-2.80

1980

10.1.80

35053'S, 17534'E

37038'S, L76\3'.F.
35047' S, 175"20',8
35047'S, r75020',8
3504?'S, 17520'E
3504?' S, 175020,8
35047',S, y15020,8

35047' S, 175020,8
3?045'S, r740lg,E
37045'S, l740lg,E
3?o45', S, L740lg,.E
3?045',S, L740rg,E
37"45', S, 174017.8
37045', S, 174017,8

N of Great Barrier I

Bay of Plenty
Mokohinau Is
Mokohinau Is
Mokohinau Is

Mokohinau Is
Mokohinau Is
Mokohinau Is
Gannet I
Gannet I
Gannet I
Gannet I
Gannet I
Gannet I

35040'S, 172o46',8
to

35o47', S, L72"56'E
3doo's, 125053'E

37041', 5,1?6050',E
35052', S, 176"02',F'

3f46'5,r76054'E
35034'S, l75o02'E
36000' s, 175058'E
36000' s, 1?5"58',E
35"51'S, L76"06',8
35052' S, 176"02',F'

35048' S, t75014'.I'

35035', S, 175006',E

Hokianga Ha¡bour 63.0 ? lI7

HokiangaHarbour 102
The Cross 60.3 l9l
New Zealand (c¿nnery)

Bay ofPlenty 250
The Cross 64

Bay ofPlenty - 246
Poor Knþhts Is 36
The Cross 57.2 62
The Cross 54.7 244
The Cross - 264
The Cross 52.5 259
Mokohinau Is - 232

New Zeal¿nd (cannery)

Poor Knights Is 52.0 252

* Stuaight line distances between the telease and recaptue positions.

t No data.
f \{here ranges of dates, positions, and distances are given, exad. dataare not available.
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TABLE 14: International data for skipjack released or recapturod in New Zeat¡nd waters in 1979 or 1980 (data from Kearney and Hallier 1979a, Kearney pers' comm')

Release data

Position

35"57' S, 176008',E

35"44' S, 173407',8
3goo9' s, t73o52',8
35o05' s, 172o25'. 8

to
35"40',S, t72"46'E
35o52', S, t76"02'E
35005', s, 172"25'.8

to
35"4?', S, V2o56'E
35o05', S, L72"25'E

to
35"40' S, t72"46',8
2go2g' s, 168"20'E
04000' s, 173000'E
04000' s, 173"00'E
36050' S, 151005'E
14o00' s, 171o50'W
18o10', S, 149c50'W

Recapture data

CountrY

New Zealand

New Zeala¡d
New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

Norfolk Island

Kiribati
Kiribati
Aust¡alia
Western Samoa

French PolYnesia

American Samoa (cannerY)

American Samoa (cannery)

American Samoa (camery)

American Samoa (cannery)

American Samoa (cannery)

American Samoa (cannery)

Fistt
length
(cm)

Fish
length
(cm)

Distan:e*
(kmj

Date Position Country

Australia
Australia
Australia
Australia

Australia
Ausüalia

Australia

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zealand

New Zeal¿nd

New Zealand

Date

14.1.80

7.2.80
10.3.80

s.2.80 *
to

6.2.80
1.1.80

5.2.80
to

7.2.80

s.2.80
to

6.2.80
26.3.80

28.2.80

28.2.80

16.r1.79
30.1.80

2.2.80

1980

1980

1980

1980

1980

1980

s0.2 2 30t

-t 1 99s

55.5 2 057

50.0 | 993

1 968

s 1.1 2 2s5

- t 92',1

I 975
50.0 1922

1 95s

62.1 902
58.0 3 475

50.5 3 542

- 2132
52.0 2 723

49.6 3 926
52.1

46.2

tr: 
_

41 .t2

5.4.79 3d04'S,150024'E
8.4.79 35008'S,151"04',E
8.4.79 35006' S, 151004'E
8.4-79 35"06'S,151004'E

8.4.79 35004' S, 151"05'E
9.4.79 34"41'S,151010'E

10.4.79 35"02', S, 151012',8

2.3:19 35025', S, t74"51',8
B 28.2.19 35013's, t'14"39'E

20.?.79 3504?',S,175020',I.
22.2.79 35"20'S,t74048'.F'
27.2.19 35"13' S, 174%5'E
6.3.79 3505l',S,175030',E

22.2.79 35"20',S,r74"48',E.
6.3.79 3505l',S,175030'E
8.3.79 37046'5,r'.l.7"04'E
t3.3.79 3?o38', S, L76"33'.F
20.3.79 35"47', S, 175"20'.E
23.3.19 37045', S, L74"L9',E,

45.0
44.0
45.0
45.0

47.6

47.0

4s.0

50.0
4s.0
45.0
48.0
47.0

45.0
47.0
4s.0
s0.0
4s.0
44.0

47.0 2

* Straight tine distances between the release and rec¿pture positions'

t No <lata.

*lThere ranges of dates, positions, and distancês are given, exact data ale not available.



conclude that the fish
similar migrations to

ch were tagged in the
ernational migrations.

If the frsh listed in Table 13 did leave New Zealand
and return, the recapture data illustrate some inte-
resting phenomena. Ten fish showed a remarkable
"homing" ability by returning to within 50 km ofwhere
they were tagged l0 to I I months earlier, after possibly
traversing thousands of kilometres of ocean. îwo ñsh
returned to within l0 km. Others, which were often

as the homing fish,
they were tagged. For
om a school near Poor
53'E) in Ma¡ch 1979.

migration is initiated, along the way to New Zealand,
and on the New Zealand coast. There will be more
discussion in future SPC publications on the results of
furthe_r_analyses by SPC of skipjack taggingdata with
some New Zealand content.

Skipjack tagging and growth

which migrated between New Zealand and Australia
ranged from 4.8 to I 1.4 cm peryear (mean 7.7 cm). The
two fish which migrated from New Zealand to Kiribati
had growth rates of 5.8 and 13.0 cm; the fish which
migrated from New Zealand to French polynesia was
growing at a rate of about 5 cm a year; and the one
which migrated from New Zealand to Western Samoa,
5.4 cm.

Similar analyses on the 1979 data (see Table 14 in
Habib, Clement, and Fisher 1980) showed that hsh

which moved
rates between
The New Zea
4.4 to 6.9 cm
Zealand-Futuna fish at 6.1 cm.

Analysis of all these data showed that skipjack which
passed through New Zealand waters during ihe Ìast two

South Pacific Commission staff are carrying out
further analyses on these and other tagging dala to
produce more defìnitive growth estimates. We there-
fore urge that our findings be viewed as a "hrst cut", the
limitations of which will be made apparent in future
SPC publications on skipjack growrh.

International management
The international tagging data presented here

(Table l4), in Habib, Clement, and Fisher (1980), and
in Kearney (1980) show that New Zealand shares its
skipjack resource with many other pacific nations,
including Australia, New Caledonia, Vanuatu, Ki-
ribati, Fiji, Wallis Islands, Futuna, Tonga, Samoa, and
French Polynesia. If indirect sharing,-as outlined in
Habib, Clement, and Fisher (1980) and alluded to in
Kearney (l917b,page 12), is considered, rhe lisr is even
longer and probably includes most nations of the
central and western Pacific.

Most of these countries are developing or seeking to
dgvelop their skipjack fisheries (Kearney l9i9a,
I9l9b). This results partly from rhe recenr éstablish-

establish an international body with the responsibility
for managing the Pacific skipjack resourcè. The ai-
guments for establishing such a body are outlined in
Kearney (1976, 1977b, 1979a, t979b). If an interna-
tional body were established, we would hope that all
the Pacifirc nations, including New Zealand, would be
signatories to it and that, with wide consultation on
m¿nagement matters, sound and ¡ational exploitation
of the Pacific skipjack resource would follow.
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Summary

The 1979-80 (19S0) purse-seine fishery for skipjack
was pursued by l5 vessels which ranged from 23 to'l9
m overall length and 135 to 1558 t gross weight.

Observations were made from aircraft and purse-

seine vessels ofsurface schools ofskipjack during the

off the west coast of the North Island in February-

rked I 192

shing,2l2
stores. Th
lost throu

vey, and 36 days were taken off.

successful set.

There was seininginseven areas on the N ew Zealand
coast. Almost half the season's catch (4168 t) was taken
east and north of Great Barrier Island (area C) in
January and February with about two-fifths of the

hshing effort. Next in importance was the west coast of
the Nõrth Islancl hetween New Plymouth and Reef
Point (areas J and K), where one-third of the season's

catch was taken in February-March with about one-
quarter of the effort. The remainder of the effort was

expended in four other areas to take the rest of the

catch.

Alth ted where bottom
depths most skìPjack were

caught 399 m deeP, that is,

above

in the afternoon with
season's effort and at
eans. Fewer hsh were

caught in the morning and still fewer in the evening'

Almost half the season's catch was taken during full
moon with about half the season's effort and at catch

rates close to the season's means. About one-third of
the catch was taken in the last quarter at the best catch

rates. Fewer f,rsh were taken during the other phases

and at low catch rates.

obtained.

Most of the remaining catch was taken in waters of
higher salinity and at the best catch rates.

Most (8031 t) of the season's catch was taken outside

the l2-mile limit where the limit coincided with the

contine on of flrshing

largely the resource,

tho"ugh o restricted to

f,rshing
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food were frsh and squid. Few hsh contained much

Gonads were examined in the fish dissected for
stomach analyses; 668 were female and 569 male. All
gonads were undeveloped.

. Analysis of some of SPC's skipjack tagging data
indicated that the skipjack which pãssed through New
Zealand waters during the last two seasons were
growing at about 8 cm a year.

n ablished
h rce with

: ?"ilåi

this is unlikely. These include the low winter sea tem-
peratures, the lack of sight inter,
and the confirmed movem New
Zealand to the waters of ished
through tagging.
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