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The trevally, Caranx georgianus Cuvier, 1833, is one
of New Zeala¡rd's more important inshore wetfish spe-
cies, in terms of both landed weight a¡rd total value.
Increased demand for trevally, especially for export,
saw landings rise from about 3000 t in the late 1960s
to a maximum of at least 7500t in 1977. This rise
resulted from a steady increase in the trawl catch a¡rd
a rapid increase in purse-seine landings. Since 1978 the
purse-seine catch has dropped dramatically and trawl
landings have declined steadily.

Trevally occur around the North Island and the

northern part of the South Isla¡rd of New Zealand, as

well as offsouthern Australia and at Lord Howe Islan<l,

Norfiolk Isla¡rd, a¡rd the Kermadec Islands $ames and
Stephenson 1974). In New Zeala¡rd trevally usually occur
in depths of less tha¡r about 70 m, in surface, mid-water,
a¡rd bottom schools, as well as dispersed over the bot-

tagsng experiments undertaken in the mid 1970s

$ames 1980), which found that recreational fishermen
ren¡rned 15%o of the tags recovered.

INTRODUCTION

AGE DETERMINATION

Published information on the biology oî C. georgianu
includes general accounts (James 1978, 1979), a tagging
study (James 1980), a description of the eggs and larvae
(James 1976), 2 food s¡¡dies (Godfüaux 1970, James
1974), and some notes on the ecology of the species
in the Great Australian Bight (Shr¡ntov 1969). Infor-
mation on the population dynamics of other species
of Caranx is limited to brief accounts of growth in trop-
ical species (Williams 1965, Chaba¡r¡re 1972).

The primary aim of this publication is to describe
the biology of a¡rd the fishery for trevally. A study
which attempted to relate this information to the recent
state of the fishery ca¡r be found elsewhere (James and
Ryan 1979).

More specificatly, the aims of this study were to
describe a reliable method of age determination' to
determine population Pararneters which describe

growth and mortality, and, where possible, to incor-

reliable.

All New Zealanð localities mentioned in the text are

shown in Fig. l.

by a variety of tech-
the identification of
ength-frequencY dis'
hard structures such

as scales, otoliths, and fin rays for alternating concen'
tric layers . If zones of
this type termine the
frequency after which
the zones of the frsh

estimated.

Data used in this section came from 2 sources. Most
were obtained from the North and South Tara¡raki
Bights and off Farewell Spit during a series of trawling
surveys by the research vesselJames Cooh along the west
coast of New Zealand, from Tasman Bay to North Cape,

n 197 l-7 2. Additional information came from juvenile
fish caught by rrap net in Wellington Harbour during
rhe summers of 197 l-73.

Length of fish refers to fork length, which was

rounded down to the nearest whole centimetre below
the actual length.

EXAMINATION OF HARD STRUCTURES

To frnd some structure in trevally that might be use-

ful for age determination the following hard Parts \¡¡ere

examined: scales, otoliths, frrst dorsal spinous rays,

pectoral rays, ald opercula. Scales of trevally are

moderately small and show no identifrable pâttem of
zonation. On first examination it appeared possible to



use whole otoliths for aging, though some had checks
or false zones present. The dorsal a¡rd pectoral rays
and opercular bones, after a long sectioning pro-
cedure, showed only indistinct zones. As a result of
these findings, it was decided to concenrrate on the
examination of otoliths for age determination.

OTOLITH ANALYSIS

Otolith morpholog¡y
The sta¡rdard terminology ofJensen (1965) has been

used when describing otolith strucrure, excepr for the
addition of the term "ring".

Trevally otoliths are moderately small, elongate, and
only slightly concave (Figs. 2 a¡rd 3). The rostrum is
particularly long and often breaks offduring collection.
Otolith margins, especially in the posterior region, are
usually irregular a¡¡d for this reason it was not always
possible to count or measure zones in the same area
on whole otoliths. Otoliths from adult frsh of average
size (40-45 cm) are between 7 a¡rd 10 mm long and
weigh 25-40 mg.

Zones. A concentric alternating partern of wide
opaque and narrow hyaline zones is visible on the flat
surface of a whole otolith. The opaque zones steadily
decrease in width from the centre outwards until about
the fifth to the seventh zone, beyond which their widths
remain relatively constant. Hyaline zones show a simi
lar pattern, but because they are narrower than opaque
zones, the decrease in width is less apparent. The

artiorlar are often poorly
checks show up more

zones. In larger otoliths
distinct, because of the

thickening of the otolith as it grows.

Counts of zones used to determine age refer to the
number of complete hyaline zones cotúrted from the
centre outwards (except during the period when the
opaque zone starts to form, see Aging). By definition
a hyaline zone is termed "completed" only if opaque
material is present on both sides of it.

Rirgs. Narrow rings were sometimes visible at the
outer edges of hyaline zones in whole rrevally otoliths
(Fig. a). These rings were also presenr as white lines in
sectioned trevally otoliths (Fig. 5), usually outside the
i¡rnermost few hyaline zones. Because they were often

Fig. 2: General fearures of a whole trevally
otolith (as viewed from flat surface, seê
Fig. 3).

Flrst
hyal¡ne

zone Hyaline zones

Anterior Posterior

Ventral

Fig 3: General features of a sectioned trev
ally otolith.
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Opaque zones



út
Fig. 4: Enlarged portion of a whole trevally otolith showing rings

at outer edges of hyalire zones.

rnore obvious than the hyaline zones, rings were a-lways
used to estimate the number of zones in sectioned oto-
Iiths and were sometimes used in whole otoliths.

Such rings are probably equivalent to the organic
membranes found between each completed hyaline
zone and the beginning of the following opaque zone
in burnt otoliths of the sole Solea soLea L. (Christensen
1964).

Checks. These are narrow hyaline marks which are
indistinct, discontinuous, or irregularly spaced when
compared with the overall zonation pattern of the oto-
lith. For these reasons checks were not counted as

zones. A similar situation has been described for other
species (Tong and Vooren 197 2) and it is probably a

widespread phenomenon.

Nucleus. This is defrned as the region of the otolith
inside the first hyaline zone. It is important to deter-
mine the period of time represented by this region,
and thus the age of the fish when the frrst hyaline zone

Fig. 5: Sectioned a¡d bumt 48-cm
female aged 16 years, c ember
1973. Bottom: fiom a years,
caught off Whangzmat:a, 24 May 1972.

is deposited. At the very centre of the nucleus a small
hyaline area is usually visible. It is obvious in small
otoliths, but usually be:comes obscured as the otolith
enlarges and thickens.

Edges. The edge o[ an otolith is the outermost
opaque or hyaline zone at the margin of the otolith,
and it may be either rrarrow or wide. It was dificult
to distinguish between hyaline and opaque edges in
most trevally otoliths :rnd so measurements of outer
zone width were used to confirm annual zone
formation.

Rernoval and exarni¡ration

As trevally grow lar¡3er the sagittal crest above the
skull thickens, and a haldsaw is needed to remove the
otoliths from adult frsh. A vertical cut was made from
the dorsal surface in line with the posterior margin of
the preopencular bone, the a¡rterior of the head was
bent forward. and the rrtoliths were removed with for-



ceps from the saccular cavities. After being cleaned, the
otoliths were stored dry.

Where possible otoliths were read whole, immersed
in either paraffin oil ("Shell Ondina 17") or microscope
immersion oil, a¡rd viewed with a low power binocular
microscope under reflected light a¡rd on a black back-
ground. This technique rendered the opaque zones
white a¡rd the hyaline zones dark (Fig. 6). Although
zones were usually clearest in the posterior region of
the otolith, some counts were made along the anterior
rostrum.

Otoliths of fish older tha¡ about 12 years are ofren
diftcult or impossible to read whole, because rhe our-
errnost zones become crowded together and obscured
beneath the margin of the otolith when viewed from
the flat surface (see Figs. 3 and 6). The overall thick-
ening of older otoliths also males them difficult ro read.
Therefore it was necessary to break such otoliths
through the centre, grind the broken surfaces smooth,
and heat them near a small flame until they were amber
coloured (Christensen 1964, Williams and Bedford
1974). Such sections were mounted in Plasticine, the
prepared surfaces were brushed with oil, a¡rd the sec-
tion was examined in reflected light by use of a com-
pound microscope at magnifications of between X40
a¡rd X120.

This technique made the ir¡nermost few opaque zones
appear light and the hyaline zones dark. However, out-
side the innermost zones the pattern was reversed so
that the hyaline zones became light and the opaque
zones dark (see Fig. 5). Counts of completed hyaline
zones were usually made from the nucleus to the tip
of one of the ridges on either side of the longitudinal
sulcus.

Confrrmation of annual deposition of zones

In all New Zealand inshore fish species examined so
far, I opaque and I hyaline zone are deposited on the
otolith each year (Tong and Vooren 1972 (tarakihi),
Staples l97l and Elder 1976 (red gr.rrnard), Paul 1976
(snapper), and Eggleston 1975 (kahawai)). However,
some overseas workers have found that for a few spe-
cies, and in a variety of bony structures, more than
one of each type of zone is laid down per year; for
example, Kim, Hiyama, and Nose (1969) in urohyals
from Trachurus jaþonicus a¡rd Tmnov (1972) in scales
a¡rd otoliths lrorn Dentex macroþhthalmus.

Therefore it was essential to establish conclusively
the number of zones deposited annually. For trevally
this was done with 3 of the 5 methods described by
Graham (1929) a¡rd Hickling (1933):

Fig. 6: Whole otoliths Íiom trevally caught- in Mercury Bay,M'ay 1974. Top: from
a 47-cm female aged 16 years. Bot'
tom: from a 48'cm male aged about 40
years.



1. Examination of seasonal changes in otolirh edges.
2. Comparison of the number of zones on otoliths

of fish from consecutive cohorts (cohorts having
been separated by length-frequency analysis).

3. Observation of otoliths from a dominant cohort
in subsequent years, to determine the number of
zones added.

Seasonal changes in otolith edges. By examining
the edges of otoliths collected from I area at intervals
throughout a year, it is possible to determine the time
of zone formation. For maly species, it is possible to
classi$ otolith edges into opaque or hyaline (Hickling
1933, Ling 1958, Botha l97l). However, this was a sub'
jective decision with trevally otoliths because of their
small size a¡rd the narrowness of the zones, particularly
in otoliths with more than about 5 hyaline zones. Con-
sequently a quantitative technique sirnilar to that used
by Murakami and Okada (1967) a¡rd Ha¡abuchi (1967)

for scales, and by Staples (1971) for otoliths, was used.
Measurements were made of the widths of outer zones
in the posterior region of whole otoliths to determine
the change in marginal index throughout the year. This
index is defined as @-r")l(r"-r" ,), where .i? is the oto-
lith radius, r. the radius of the outermost completed
hyaline zone, and r" r the radius of the next outermost
hyaline zone. The outennost hyaline zone was termed
completed only if opaque material was present on both
sides of it.

Radü of hyaline zones were measured from the centre
of the otolith to the outer margin of the hyaline zone,
by use of a binocular rniscroscope frtted with al eye-
piece graticule.

To analyse the seasonal changes in otolith edges it
is desirable to have regular samples of small fish col-
lected from the same area. The North Taranaki Bight
was a conv ch samples could
be taken in the planned
bimonthly Data used in the
analysis were from cnrises in March, May, and Sep-
tember 1971 and January, July, and December 1972.
Cnrises planned for January, July, and November 1 9 7 I
were either ca¡rcelled or resulted in no suitable fish
being caught in the North Tara¡raki Bight.

Figure 7 shows the a¡rnual cycle of change in the
marginal index for fish aged l-5 years from the North
Taranaki Bight. For frsh aged l-3 years the index is
lowest in December and January, which indicates that
this is the period when :nost opaque zones frrst become
visible. For frsh aged 4 and 5 years the index is lowesr
in March. Some workr:rs, for example, Gambell and
Messtorff(1964), have stated thar zones are deposited
later in older fish, bur a simpler a¡rd equally likely
explanation is that the new zones in the otoliths of
older frsh do not become visible unril larer because
they are much narrower tha¡r in young frsh. There is
no suggestion from the data that more tha¡r I opaque
zone is deposited per year.

Age of fbh
(years)

. ' '.. '....... '. !.. . I

.- -'-.-.-.-. 2

. -------------- ¡ 3

.____-.4
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õ
.sq'
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Fig 7: Seasonal changes in the marginaì index of otoliths Íìom trevally of different ages, North Tararaki Bight
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Therefore the conclusion is that only I opaque zone
and I hyaline zone are laid down in trevally otoliths
each year. The opaque zones first become visible in
DecemberJanuary in younger frsh, so that formation
of the hyaline zone must take place during the pre-
ceding few months, that is, ln wrnter or spnng.

Nurnber of zones on otoliths from consecutive
cohorts. Length-frequency distributions of juvenile
trevally often contain distinct modes identifiable as

consecutive cohorts. By comparing the number of zones
present in otoliths from consecutive cohorts it is pos'
sible to determine the number of zones deposited each
yeal.

60
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Figure 8 shows the length-frequency distributions for
16 samples of juvenile trevally taken by rrap net in
Wellington Harbour between November 1970 a¡rd
March 1973. Four different cohorrs (A-D) were iden-
tified. Otoliths were collected from cohorrs A a¡d B in
the samples of November 1970 and February 1971,
and from cohorts B a¡rd C in the December l97l sam-
ple. Otoliths from cohort A had I more hyaline zone
than those from cohort B, and otoliths from cohort B
had I more tha¡r those from cohort C. Figure 9 shows
otoliths from cohorts A and B from the February I97l
sample.

These data confrrm that I hyaline and I opaque zone
are deposited per year in juvenile trevally otoliths.

(,

6¿o
320
È
oO
Ut

Ê40
o9zo
oÈo

Jan 1972
n -58

Apr 1972
n =53

Dec 1972
n=23

1510

Length (cm)

Fig. 8: Length-frequency distributions of juvenile trevally, Wellington Harbour.
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Cohort B plrst hyallne zone

Fig. 9: Whole otoliths from cohorts A and- B (Fig. 8), Wellington Harbour. Feb'
ruary 197I.

Number of zones added to otolitlm of a dorni-
n¿rnt cohort in subsequent ye¡rrs. The srrength of
individual trevally cohorts varies considerably. The best

check on the validity of the aging technique came from
the examination of a very strong cohort in samples

taken offFarewell Spit, at the entrarice to Tasma¡ Bay.

Otoliths were collected from fish caught in Septem-

ber l9?l and September 1973. Completed hya-line zones

were counted for all otoliths and the results are shown
in Table l. The predominant feature of the table is the

were from the same cohort, was the Presence of a char-

in adults.

T zones
off

No. of completed
hyaline zones

0

5
6
7

8
9

10
lt
\2
13
t4
r5
l6
T7

18
l9
20
2t
22
23

Frequency
r97l r973

40
00
20
01
00
50
93
26
17

435
04
239
20
ót
.1 J
l3
23
I1
4I
It

32
20
6t

No. of completed
hyaline zones

24
25
26
27
28
29
30
31
32
.15

34
35
36
37
38
39
40
4l
42
43
+4
45
46

Frequency
197 1 t973

I
3
4
+

2
I
4
l
2
4
2

6
0
2
0
i
I
+

5
5
4
4
6
2
5

0
0
0
I

0

t29Total sample 159



The other techniques used in this study ro confrrm
annual deposition of zones in trevally otoliths were
applied to otoliths mainly from immature frsh. How.
ever, the fish with 9 or I I hyaline zones (Table l) were
all mature frsh, at least 40 cm long. Thus ir is clear that
only I hyaline and I opaque zone are deposited
annually on otoliths of both immature and marure
trevally.

Fig. l0: Trevally otoliths from fish ol the
same cohort, Farewell Spit. Top: Sep.
tember 1971, t hyaline zones. Borrom:
September 1973, ll hyaline zones.

in Fig. 8. These data show thar cohorts B, C, a¡d D
first entered the catches in November 1970, November

ber a¡rd January would have been about I year old.
During the time these catches were made no trevally
smaller than 9 cm were raken in Wellingron Harboui.

information from other areas, suggests that cohorts B,
C, and D in Fig. 8 were l-year-olds when frrsr caughr
at modal lengths of Il-14 cm.

By examining the otoliths of these frsh of known
age, it was possible to determine at whar age rhe frrst

AGING

Before the number of hyaline zones on otoliths ca¡r
be tra¡rslated into corresponding ages, the age of the
fish when the first hyaline zone is deposited has ro be
established. This can be done by examining length-
fiequency data from juvenile fish such as those shown

16



hyaline zone was deposited. Figure 9 shows an otolith
cólected from cohort B in February l97l' One hyaline

zone was Present and further oPaque material had been

deposited around the edge of the otolith. Therefore

thê first hyaline zone would have been deposited in
winter or Ápring (see page l4), before the fish reached
I year of age.

To simplifr aging, individuals are usually assigned

to patticrilar-.oñotit with reference to a designated

birËhday, which does not have to coincide with the

actual Éirth date. For conv:nience I January was cho-

sen as the birthday for trevally. This date is near the

beginling of the trevally spawning season' It- also cor-

..$ondt-with the date chosen by Paul (1976) for
anôther important inshore summer sPawner' the snap-

per, Chrysojhrrs auratus, and thus helps- to sta¡rdardise

ihe aging terminology of New Zealanò marine fishes'

The establishment of a birthday allows fish collected

during spring and summer' when opaque zones are

being-formed, to be assigned to the correct 
-age 

groìrP'

Otolihs collected before I January, and with hyaline-

edges, were assumed not to have begun deposition of
thã summer oPaque zone a¡rd were assigned an age of
n years (wherå n is the number of completed Ìryafing

,oíes, thut is, those with opaque material on both sides);

whereas otoliths with narrow oPaque zones were given

an age of n-l years' Otoliths with hyaline edges col-

lecteä shortþ aher I January were also assurned not
to have begr.rn deposition of the summer oPaque zone'

but were ãssigneã arr age of nf-l years; those with
narrow opaque zones were given an age of n years'

Otoliths *ith tt"t o* oPaque edges collected shortly

before I January and ihoie with hyaline edges.col-

lected shoitly after I January were the only exceptions

to the previáusly staied rule that ,"g. -*-"t 
determined

by conttting the number of completed hyaline zones'

This aging technique ca¡r be used only where the

age is less than about 8-12 years. Thereafter. the zones

ai the otolith edges are too narrow to Permit the type

of edge, a¡rd thui the age, to be determined precisely'

ro avãid the difrculties that arise when birthdays have

to be talen into account, samples for anaþsis of age

were usua-lly collected during May, when almost all

otoliths had wide opaque edges.

The errors associated with aging trevally older than

about 8-12 years increase progressively from about * I
year for fish up to about 25-30 years old to * 2 years

ior fish older^than this. Otoliths which appeared to

give greater levels of error, or those which were com'

þt.t.ty unreadable, were discarded. Such otoliths com-

þ.i..á o.t average only about l% of those collected'

DISCUSSION

There appear to be few, I arry, publications which
describe agé determination by use of otoliths for any

species of òaranx. Flowever, a small amount of length-

frequency data on Caranx spp., and otolith studies on
othèr temperate sPecies with apparenrly sirnilar g.oyth
patterns, were avãilable for comparison with age data

from this study.

Shrrntov (1969) reported mea¡r lengths of A.4 cm a¡rd

16.0 cm for C. georgian¿a taken inJanuary-March 1966

and June 1966 in the Great Australian Bight. These

fig"rãs agree closely n"ith the length-frequency data for
lyear-olã fish collected from Wellington Harbour (see

Fig. 8). Williams (1965) listed length-frequency data for
3 topical species, Caranx ignobilis, C. eLacate, and C.

meLamþygtu, but because these species grow larger and

thus þrobably more quickly than C. georgianus, the
information has little relevance to the present study.

Flowever, of considerable relevance are the age

determination studies on otoliths of various species of
another carangid gems, Trachurru. Kaiser (1973), work-
ing on f . murphyt caught offChile, and Polonsky,(1967),

wõrking on T. tra.churus from the North Sea, used whole
ototiths and found maximum ages for these species of
about l0 years. Geldenhuys (1973) a¡rd Macer (1977),

using the iame sectioning and burning technique used

in this study, forlnd otoliths of T- ftachurus with up to
15 a¡d 35 zones, in ñsh collected off South Afüca a¡rd

in the English Channel respectively. Macer was not able

to establish whether the zones he was counting were
deposited alnuaþ, but Geldenhuys commented that
his South Africa¡r data supported this interpretation of
Macer's information. The older ages that the section'
ing arrd burning technique gave for T. trachurus agree

fairþ well with the rnaximum age of about 46 years

found for C. georgianus. Webb and Grant (1979) also

used sectioned and burnt otoliths and found a maxi-

mum age of 16 years for T. decliaß from south-eastern

Australia.
The sectioning and burning technique gives more

realistic age determinations, Pafticularly for older fish,

because ii makes visible zones near the margin which
carìnot be seen in whole otoliths. In old frsh the out'
ennost zones are often laid down under the otolith
margin, when viewed from the flat surface, and thus

ur. iitibl. only in cross section (see Fig. 3). Therefore

if only whole otoliths are used the age of the fish will
be uádetestimated' These conclusions are similar to
those reached recentþ by Archibald, Shaw, a¡rd Lea-

man (1981) for rockfishes (Sebastes spp.) and by Beamish

a¡d Chilton (1982) for sablefish {"A,noploþomai'mbria) in
north Pacifrc waters.



POPULATION BIOLOGY

Data on the population biology of trevally have been
grouped into 3 sections: demersal samplés from the
western Bay of Plenty and the west coast of the North
Isla¡rd a¡rd pelagic samples from the east coast of rhe
North Island.

During the collection a¡rd analysis of data most
emphasis was placed on the Bay of plenty, where,
throughout this study, there were substa¡riial trawl,
purse.seine, a¡rd set-net frsheries for trevally.

. The quanrity of population data available for analy.
sis varied considerably for different areas. For rhe
demersal samples from the west coasr of the North
Island a¡rd the pelagic samples from the east coast lirrle
information was available, a¡d the analysis was limited
to an examination of length. and age-frequency data
and growth. Where more informatión wai uroailubte,
as for the demersal samples from the western Bay of
Plenty, the analysis also included mortality and yield
estrmates.

SAMPLING METHODS

Samples of trevally for population a¡alysis were
taken from bottom trawls b¡reiearch vessels'a¡rd from
commercial purse-seine catches.

or 38 mm in the cod-end liner. Ihatere, a 19.2-m stern
trawler of 152 bhp, used 22-m groundrope bottom
trawls with a cod-end mesh size oÍ il+ mm a¡rd cod-
end liner mesh sizes of 25 or Bg mm.

sive the srata were 5 frsh per centimetre for each sex,
a¡rd for up to 29 cm inclusive B fish per cenrimetre for
each sex. The age composition was subsequenrly esti.

m¿ted for, each length group less than 84 cm by use
of an age-length relarionship derived from the fish of
that length from which otoliths had been raken.
Detailed description of this stratiÊed subsampling pro-
cedure ca¡r be for¡nd in Ketchen (1950), Gulland tìgSSl,
Pinhorn and Fleming (1965), a¡rd Elder (1976).

DEMERSAL SAMPLES, WESTERN BAY OF
PLENTY

Samples analysed

are shown in Fig. I l. A change from the Whalgamata
area to Mercury Bay in 1973 a¡rd 1974 was necessi
tated by- a drop in catch rates in the Wha¡rgamara area.
Although Mercury Bay is closed to comrñercial trawl-
ing, the length ald age composirions of the catch were
similar to those in the catch offWhangamara. Tagging
data (James 1980) show considerablé movemeñi o-f
trevally into and out of l\{ercury Bay, which supports
the assumption that data from ih. 2 "..u, "..comparable.

The low horsepower of lhatere restricted it to trawl.
ing for trevally in areas where the ûsh was mosr abun-
dant, generally in depths of less tha¡r 50 m. As there
was.a wide rar-rge of lengths of fish caught in these
depths, a¡rd little variation in size composition between
rrawls, the data for each year were combined. Although
representative of the inshore demersal stocks in tÉe

A.further sample collected by lhatere in May 1926
provided a more recent estimate of fishing môrtality
(see page 24).

Length cornposition

his for each
sho cies given
the t of total
les. illusrrare



the relative proportions of each sex at each length.
Numbers of males and females at different lengths were
generally similar, and any differences are probably the
result of sampling variation. There was a tendency for
large females to outnumber large males. This may indi'
cate a higher natural mortaliry rate among larger males,
because there appeared to be negligible differences in
growth rates between the 2 sexes.

Only the 2 youngest cohorts, with modes at about
l0 a¡rd 22 crn, ca¡r be separated completely with length-
frequency data. Above 27 crn, Iength ranges of succes-
sive cohorts overlap considerably, though modes of the
next oldest cohort are visible at about 30 cm.

Age cornposition

Age-frequency histograms for each year's sample
(sexes separate) are shown in Fig. 13. Although most

Fig. I I: Areas trawled by research vessels, western Bay ofPlenty,
1971-74 md 1976.

fish were less than 5 years old, there were still many
old fish in the samples. The maximum age of about
46 years for trevally is similar to that determined for
the 2 other most important percoid species in the land.
ings of New Zealand coastal fishes, snapper and tara.
kihi, which reach ages of over 50 years (Paul and
Tarring 1980) and 35 years (Vooren 1973) respectively.

Among the younger age groups the abunda¡rce of
successive cohorts varied. Although sampling was
undoubtedly responsib,le for some of this variation, a
signiñcant proportion of it represented real variation
resulting from annual fluctuations in the surviva-l of
young ñsh. An example of an abundant or strong
cohort was that aged 0 (that is, about 6 months old)
in the l97l sample. Weak cohorts in the same sample
were those aged 3, 4, 5, and 6 years. These strong and
weak cohorts can be traced through the following 3

years' samples. Prominent cohorts are not as obvious
among older fish because of the small numbers of frsh
in older cohorts and the difficulty of aging older frsh
accurately. However, 2 moderately strong cohorts aged
7 a¡rd 16 years in the lgil sample carr be followed
through successive years.

10 15 20 25 30 35 40 45 50 55

Fork length (cm)

Fig. 12: Length-Êequency distriburions of trevally taken by
research trawl, wesrem Bay of Plenty, l97l-74.
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For snapper (Paul 1977) a¡d for trevally (my unpub-
lished data) there is some evidence that strong cohorts
can be correlated with warm, and presumably favour-
able, air and sea temperatures during the spring and
summer in which the cohorts were spawned. Con'
versely, cool periods seem to result in weak cohorts.

Numbers of males a¡rd females less than 5 years old
are similar, which indicates that mortality rates, at least
among these younger frsh, are similar for both sexes.

To provide a larger sample for subsequent popula'
tion analysis, the numbers of fish in each of the 4 sam-
ples in Fig. l3 were combined (FiB. l4). This frgure
represents the age stmcture in l97l afld was obtained
by combining equivalent cohorts (that is, by reducing
the ages of ñsh in the 1972, 1973, and 1974 samples
by l, 2, and 3 years respectively) before combining the
4 samples. Figure 14 emphasises the strong cohorts

o5101520253035404550
Age (years)

Fig. l3: Age-frequency distributions of trevally taken by research
trawl, westem Bay of Plenty. l97l-74.

aged 0, 7, and 16 years arìd the weak cohorts aged 3,

4, 5, and 6 years mentioned above.

The age-frequency distributions in Figs. 13 and 14

represent only the inshore trevally population avail-
able to trawling. Most frsh of age 0, and some aged I
year, inhabit waters too shallow for trawling. Similarly
some frsh between about 40 and 50 cm (aged about 6

years and older) occur in depths greater than were
trawled in this study, and others school around reeß
and are not available to bottom trawling. Schooling
trevally form a significant part of the total trevally
resource and information on this is presented below
(see Pelagic samples, east coast North Island).

Growth in length

Von Bertala¡rffy parameters were calculated for each
year's data from the western Bay of Plenty, for sexes
separate a¡rd combined, by the least squares method
described by Abramson (1971). The parameters are
shown in Table 2. Those calculated for the total 1972

data (considered the most reliable because it was the
largest sample) were used to plot a von Bertalanffy
gïowth curve. This differed markedly from the actual
growth curve drawn through the mean lengths at age
(Fig. 15).

In addition, the parameters Z*, K, and úo were cal-

culated for the fully exploited section of the population
only, that is, for fish aged 3 years and above, but this
did not improve the fit signifrcantly.

The growth curve was also divided into 2 segments:
the von Bertalanffy equation was used to describe the
growth of ages 0-15 years and a straight line to describe
ages 16-40 years. However, the calculated curve for
ages 0-15 years stilì gave a very poor fit to the observed
mean length at age data.

Beverton and Holt (1959) stated "it seems that for a

wide range of frsh species the natural span of life is

nicely adjusted to the time needed to complete, or
nearly to complete, the growth pattern". Figure l5 sug-
gests that this is not so for trevally, for which most of
the growth in length occurs in the first quarter of the
lifespan.

Because growth in length of trevally was not ade'
quately described by the von Bertalanffy growth equa-
tion, all subsequent examination of growth was done
with the raw data or mean lengths at age.

Growth data for both sexes have been combined
because an analysis of varia¡rce on the combined 1972,
1973, a¡rd 1974 data from the Bay of Plenty showed

insignificant variation due to sex, It was found that

il
U

after age had been frtted, the variation was most likely
to be explained by consistent differences among
cohorts. No further significant reduction in variation
could be attributed to sex, either as a main effect or
as a¡ interaction with age.
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Fig. 14: Combined age-frequency distribution for rrevally raken
by research trawl, westem Bay ofPlenty, l97I-74.

TABLE 2: Von Bertalan$ gro*th parameters for trevally taken
by research trawl, western Bay of Plenty, lS72-74

Year Sex Læ K t

o 10 
'oon",r""r"io 

40 so

Fig. 16: Growth in length of u'evaJÌy, westem Bay of Plenry. Cuwes
frtted by eye through the mem lengths at age.

TABLE 3: Mem lengths at age of trevally ta-ken by reserch tmwl,
western Bay of Plenty, 1972-74

5so
E
o
Ê

.3 20

T972 M
F

M+F

t973 M
F

M+F

Mean
Ag. length

(years) (cm)

0 9.5
1 22.2
2 29.9
3 33.6
4 36.3
5 3i.5
6 38.9
7 40.1
8 41.5
9 41.0

i0 40.¡t
I I 4t.5
12 +2.9
r 3 42.8
14 42.8
r 5 +3.2
Ì 6 43.7
t1 43. ti
18 44.0
t9 4+ +

20 44.3
2\ 44.4
22 44.1
23 44.0

Mean
Ag. length

(years) (cm)

2+ +4.9
25 45.8
26 +4.7
27 45.3
28 45. l
29 45.9
30 46.9
3 r 46.5
32 465
33 455
34 46.8
35 45.8
36 461
37 46.3
38 48.0
39 45.8
40 460
+1 470
+2 46.5
43 510
44 49.0
45
46 48.0

43.7 t
44.45
+4.\5

42.7 0
44.00
43.63

0.4 8
0.43
0.43

0.29
030
0.27

-0.59
-0.63
-0.61

-0.4+
-0.50
-0.58

-t 40

- 1.40

- r.64

n
51
64

t22
103

44
39
17
t0
l6
28
24
26
14

20
13

t3
14

29
28
10
ll
t2
t3

9

s.d.
20
3.0
T,7
13
2.1
2.1
t.9
't .7
2.1
t.7
1.5
.t.2

1.1

\.1
2.4
1.0
2.8
1.4
0.7

043
0 4l
042

t97 4 M 4+.90
F 4++5

M + F 44.84

d.
6
ó

5
4
7

4

6
4

2
2

0
0
5
7

2
7

3

8
0
8
3
9
9

.4

n
t4
5
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t7
9
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9
8
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Fig 15: Growth in length of trevally taken by research trawl,
westem Bay ofPlenry, 1972. Curve A fitted by eye through

;|li.- 
lengths at age, one B calculated von Bertalmffy

Separate growth curves for the 1972,1973, arrd 1974
samples from the western Bay of Plenty, and a curve
representing these samples combined, are shown in
Fig. 16. The combined curve was constructed fiom
mea¡ lengths of similar aged fish from all 3 samples.
Figure 16 shows that there is little difference between
the curves a¡d that the combined curve adequately
represents the average growth rate for trawl-caught
trevally in the western Bay of Plenty during the 3 years
in question. Table 3 gives the mean lengths at age for
these combined data. The l97l sample was omitted

from this analysis, as it was collected in July; rhe other
3 samples were collecred in May. The analysis of var-
iance described above gave a residual mean square for
the combined data of 2.85 with a sta¡rdard deviation
of l. 7. Inspection of rhese data indicated little variarion
in sta¡rdard deviation with age for frsh 2 years and
older.

Figure 16 shows charly the distinctive growrh par-
tern of trevaìly-moderately fast initially, but very slow
for older fish. Although other commercially importalt
percoid fishes in New Zealand, for example, snapper
and tarakihi, have lifespans broadly similar to rhar of
trevally, their growth tátes app.ur to be more constant
(Tong and Vooren 1972, Paul 1976, Vooren 1977).

Although no comparable data on growth of other
species of Caranx are available, the relatively old ages
suggested by Macer (1977) a¡rd Geldenhuys (1973) for

lnser 3*



the carangid Trachurus trachurus generally support the
growth pattern described here for trevally.

Length-weight relationships

The relationship between length and weight can be
exPressed as

W:aLbor
IogW:logø*å. logZ

where 7Il : weight, Z : length, and ¿ a¡rd å are con'
sta¡ts. The regression coefficient or slope of the regres-
sion line is å a¡rd log a is the intercept of the line on
the log I axis.

Length-weight data (sexes separate) from 30 samples
of trevally collected from many areas around the North
Isla¡rd were analysed by the least squares method.
Values of å a¡rd log a and an analysis of varia¡rce were
frrst derived for each set of data. Each value of å was
plotted against each value of log a for each set of data.
The resulting points appeared to be distributed ra¡-
domly along a curve with respect to sex, area of col-
lection, and time of year collected. The smaller samples
tended to lie nearer the extremities of the curve. This
suggested that the differences in values of å and log a
between samples were not closely related to sex, area,
or time. Consequently data from all 30 groups were
combined and the resulting parameters taken to be the
best estimate of the length'weight relationship for trev-
ally generally. The length-weight relationship for all
trevally dara combined is

w : 0.016 L3o64 01
IogW:3.064 logZ - 4.158

where lIl : weight (g) and Z : length (cm).

The value obtained for å (3.06a) shows that, for trev-
ally, growth in weight relative to length is almost
rsometnc.

Growth in weight

To calculate estimates of yield or yield per recruit,
weight should be expressed as a function of age. For
the western Bay of Plenty demersal trevally popula-
tion, the mean lengths at age from the 1972, 1973,
and 1974 samples combined were used to derive the
age-weight relationship shown in Fig. 17. The orrve has
2 periods where growth rate is fairly constant: ages l-
6 years and ages 14 years and onwards.

Mortalities

Estimates of both natura-l mortality Wt) and fishing
mortality F) are required for yield models. If rotal mor-

mortality cal readily be estimated. If independent esti'
mates of all 3 parameters can be made, any 2 can
provide a useful check on the third.

In this study estimates of Z, M, and F were derived
by simple regression from "catch curves" constructed

from the annual samples collected by research trawl
between l97l a¡rd 1974 and in 1976.

Catch curves. When logarithms of the frequency of
each age group in a catch are plotted against age, a
convenient graphical representation of the catch, or a
catch cuwe, is produced (Ricker 1975). Mortality rates
were determined by least squares for various portions
of the catch curves.

In Fig. 18, A, B, C, and D are catch curves for each
of the 4 samples taken by research trawl in the western
Bay of Plenty n 197 l-74; E a¡d F represent the l97l-
7 4 data combined in 2 different ways. AII 6 curves in
Fig. l8 were fitted by eye. In curve E frequencies of
similar aged fish from the 4 samples have been
summed, and in curve F frequencies of frsh from the
same cohort have been summed. Because of the man-
ner in which the data have been combined, curve E
describes the average situation for the 4 years l97l-
74, and curve F describes the situation in 1971. The
data in E obscure some of the variation resulting frorn
differences in cohort strength; the data in F do not. In
addition, combining data by age (E) does not allow
mortality estimates to be assigned to precise time
periods, though this can be done when the data are
combined by cohort (F). Variation between the 6 curves
may result partly from inadequate sampling in some
instances and partly from fluctuations in cohort
strength. The general pattern of the curves is similar
a¡rd E a¡d F describe satisfactorily the overall mortality
Pattern.

The catch curyes in Fig. 18 probably underesrimare
slightly the numbers of adult trevally, older than about
6 years, in the total demersal population during the
early 1970s, because few trawls were made in depths
greater than 50 m, where small numbers of large trev-
ally are usually found. Flowever, the curves adequately
represent the inshore trawl population in the western
Bay of Plenty at the time the samples were raken.

Curve G is the catch curve for a sample taken by
Ihatere in the western Bay of Plenty in May 1976. These

o1020304050
Age (Years)

Fig. li: Growth in weight of trevally, westem Bay of Plenty.
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data were intended to be used only to provide an esti-

mate of fishing mortality in recent years; therefore fish

older than 14 years were not aged.

Total rnortality. Curves E a¡rd F provided estimates

of Z for different sections of the life history.

Curve E is divisible into 4 sections, each with a diÊ

ferent slope and value of Z. 'Ihe short ascending limb
between ages 0 and I year represents inadequate sam-

wI, westem Bay ofPlenty, l97l-74 and 1976.

pling by the fishing gear of age 0 fish. Values of Z lot
èactr of the remaining 3 sections-that is, ages l-6, 7-
34, a¡rd 35-46 years-are given in Table 4.

Curve F is similar except that the short ascending
limb is absent. Estimates of Z for curves E and F (Table

4) were obtained by regression a¡rd were for slightþ
different age ranges, to provide more aPProPriate fits
to the data.

Age (years)

Fig. 18: Catch curves for trevally taken by research trawl, westem Bay ofPlenty,



T.A.BLE 4: Rates of instantaneous rotal mortality (Z) calculated
for various age rzrnges of the catch curves'in iig, lg

Catch Age rmge
curve (years)

E l-6
7 -34

35-46

F 0-5
O-JJ

34-43

few examples of senescence have been documented.
This is understandable because most research has been
undertaken on commercial species which are already
being exploited. Market samples of trevally collected
recently from the Bay of Plenty (my unpublished data)
contain few fish older tha¡r 30 years. Thus in less tha¡r
l0 years intensive fishing has removed any evidence
of senescence.

Natura-l mortality which occurs during the early
exploited part of the life history, berween ages 2 and
6 years, is assumed for the yield per recnrir calcularions
(below) to be similar to the va-lue of 0.03 esrimared for

a¡rd 35 years of age is considered reasonable.

The values of M derived for trevally in this study
are extremely low compared with those for most other
species. Even when the comparison is restricted to pub-
lished estimates for other slow-growing, temperare
marine fishes, trevally still has one of the lowest
recorded estimates of M (Table 5). Furthermore, if a
less realistic estimate of M is calculated from the catch
curves for the entire age ralge 6-48 years, a value of
M : 0.06 is obtained, which is still very low in com-
parison with the other species recorded in Table 5.

Fishing mortality. The steep descending limbs of
the catch curyes E and F in Fig. l8 give vãlues of Z
between 0.61 a¡rd 0.76 (see Table 4). The assumed low
value of M (0.03) for this section of the curves means
that during the late 1960s F was approximately equal
to Z; that is, it was between about 0.6 a¡rd 0.8.

A more recent estimate of F (corresponding to about
the early 1970s) was obtained from the 1976 Bay of
Plenty data (curve G). The value of Z (and thus F) cal-
culated for the age groups 2-6 years inclusive was 0.61.

It is apparent, especially in curves F and G, that there
is considerable variation in cohort strength. The best
estimate for F for the period during the late 1960s and
early 1970s is taken to be abour 0.6, but rhis should
be regarded as approximate until further information
is available.

Yield per recruit
Methods. Several aurhors have described different

methods for estimating yield per recruit, among rhem

Baranov (l9l8, as cited by Ricker lg?5), Tho son

f
I

and Bell (1934), Beverron a¡rd Holt (1957), and Ricker
(1975). Baranov's method was inapplicable to trevally
because length increments and mortality varied
throughout the exploited phase. Beverton and Holt's
method also was not applicable because the von Ber-

_ Conesponding
z penod

0.61
0.03
0.29

1966-7 r

I 938-65
t929-37

'? Estimates of Z from this curve cannot be assigned to a precise
period of time.

The 2 estimates of Z for fish from 0 to 6 years old
(0.61 a¡rd 0.76) are broadly similar and correspond to
the period 1966-71. The value of 0.61 obtained for
curve E is considered the more accurate because it fits
the data better. Consequently the best estimate of Z
for the late 1960s is considered to be about 0.6.

Two identical estimates of Z : 0.08 were obtained
for the middle sections of curves E and F, between ages
6 and 34 years.

Both estimates of Z for frsh older than abour 35 vears
are very similar, about 0.3.

Natural rnortality. This is usually a difficult para-
meter to estimate unless some virgin or largely unex-
ploited portion of the resource can be fouird where

sltuatron.

The middle sections of both of the combined catch
curves (E a¡rd F) have little slope, which indicares a low
mortality (Z: 0.03) berween 6 and 34 years before the
samples were collecred (that is, between about lg3g

The increased slope of the catch curves after age 85

0.30. This increased rate of natural mortality among
the oldest frsh is quite distinct and appears to be a¡r
example of senescence. Although there are several fish
species for which natural mortality has been shown to
increase with age (Ricker 1975, Beverton and Holt 1959),

0.7 6
0.03
0.30
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TABLE 5: A comparison of published estimates of natural mortality of slow-growing' temPerate marine frsh species

Species

Sebutes aLulu

Sebutes alutu

Sebates marinus
Pagrosomus
(:Chrysoþhrys) major
Chryisoþhrys auratu
Chrlsoþhrys ouratus
Taius tumi|rons
C he i Lo d,ac ty lus m acroþ t e rus

Caranx georgtanus

Family

Scorpaenidae

Scorpaenidae

Scorpaenidae
Sparidae

Sparidae
Sparidae
Soaridae
c'heilodactvlidae
Carmgidaé

Location

British Columbia,
Ca¡rada

British Columbia
Cmada

Maine, U.S.A.

J"P-
New Zealmd
New Zealand

Jupat
New Zealmd
New Zealand

M

0.1-0.2

0.04-0 05

0.07
0.Ir-0.r7

less tha¡r 0.I"
less thm 0.09"
0.2
0. 15
0.03 (ages 6-34)
0.3 (ages 35*)

Reference

Gunderson (I977)

Archibald, Shaw, md Lea
man (1981)

Kelly and Barker (1963)

Doi (1955)

Vooren and Coombs (1977)

Paul a¡d Tarring (1980)

Shindo (1960)
Vooren (1973)
This study

,, These are esdmates of total mortality lZ); M must be less than this.

talanffy growth equation did not satisfactorily describe

the growth of trevally. The methods of Thompson arrd
gell and Ricker are similar and make no assumPtions

a modified form.

The model allowed for the incorporation of 2 dif-

ferent values of M, I for each of the 2 Parts of the life
history described in the section on natura-l morta-lity.
Data used in the calculations were the 2 values of M
(0.03 for exPloited age grouPs uP to age 34 years, and
0.30 for agei 35 and above), mea¡ weights at age (from

the data uied in Fig. 17), arrd a range of possible values

of F a¡rd ages at recnritrnent.

of this species.

is taken to be 2 years.

Results and discussion. Figure 19 shows the yield
per recruit isopleths calculated for demersal trevally in
ih. *.tt.* Bãy of Plenty. Yields increase rapidly up

to F values of about 0. l, with maximum yields occur'

ring at values of about 0. 15. Yields decrease slowly

theieafter, as F increases. Above F values of about 0' I

there is an expected increase in yield as the age of
recnritment increases.

Figure 20 is the yield per recruit data for ages of
recnritment of 2 years (curve B) and 3 years (curve A).

The estimate ofF: 0.6 for the period I966-71, and
the age o oint
V in Figs lies

some dis Per
recrurt.

These data suggest that a higher yield per recruit
and thus a hi ducing
frshing effort age of
recruitment as an

increase in mesh size. 'fhe Present minimum mesh size

for trawl nets is ll2 mm. It is impossible to state accu-

rately what mesh size

recnriÍrìent to 3 years
tion experiments, but
least l30mm (5. I in
(1955), after detailed mesh selection exPeriments on

both species.

sopleths in Fig. 19 are Prob-
other trevally trawl frsheries
It is likely that age ofrecruit-

eries because
ofF, because
frshing effort,
t areas.

able future state of the frshery.
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Fig. 20: Yield per recruit _for demersal trevally, western Bay of
Plenty._Ages at recruitment are B years (cúrue A) md 2 years
(curve B).

PELAGIC SAMPLES, EAST COAST NORTH

, Pelagic or schooling rrevally occur around much of
the North Isla¡rd, but are most abundant around or
over reeß, particularly along the north.east coasr
(Habib, Clement, a¡rd Fishtr légl). purse.seine vessels
have been most successful in catching schooling trev.
ally in the Bay of plenry, though sucãessful ser; have
also been made in Admira ty øay, off the Wairarapa
coast, on Ariel Bank off Gisborne, ar poor Ihighrs

I lilìilililil1il lltìüTflur
Table 6.

Samples of school rrevally were obrained from com.
mercial catches taken by the purse-seine vessels Marine
Countess, Lind,berg, San Benito, and Paramoun, berween

26



TABLE 6:
ures ¿rre
tics; 197

Lmdings
(t)

t3t
232

I
350
591

13Ì3
29r4
I 840
678
202

54

histograms indicate the relative proportions of each sex
at each length.

The most striking feature of the histograms is the
preponderalce of large frsh in the samples, quite dif
ferent from the trawl samples (see Fig. l2), whére there
was a wide rarrge of sizes of fish. The histograms also
show clearþ the similar size composition of different
schools, particularþ those Êom the Bay of plenry. Mean
lengths of frsh in samples from different areas (Table
7) confrrm this observation.

Sample a (Fig. 2l) frorn Ariel Ba¡rk contained more
small ñsh tha¡r the Bay of Plenty samples. This size
difference is probably largely due to the purse.seine
net resting on the borrom at Ariel Bank and thus cap-
turing smaller trevally, which are demersal in habit,

There was no ob"'ious reduction in mea¡r length of
school trevally from the Bay of plenty between 1972
a¡rd 1978.

Numbers of males and females in each sample were
similar a¡rd there was no tendency for a greater pro-
portion of the larger frsh to be females, as was found
in the demersal samples (see Fig. l2).

Age composition

Age-frequency hisrograms for the purse-seine sam-
ples of trevally are shown in Figs. 23 (sexed samples)

No. of Mean
fish in Mem length lcm) age
sample Mak's Females Combined lyeãrs)

Sample
No.

Locality

I Between Mayor I. and

Year
t97 1

197 2
r973
r97 4
197 5
197 6
I9? 7

l9i8
1979
l 980
I 981

Depth
(m) Dare

Year
I 960
t 961
1962
r 963
I 964
r 965
I 966
r967
I 968
t 969
r 9i0

Landings
(r)

l1
5
9
0
0
0

75
40

0
0
1

" During this time the official MAF statisrics were sometimes consid-
erably lower than values recorded here.

1972 a¡d, 1978. Data on the samples are given in Table
7. Most samples were from the Bay of Plenty except
for I sample from Ariel Ba¡rk and ariorher from Norih
Cape. Sampling methods were as described on page
18 except that fish were nor weighed, and rhere was
no reason to subsample because almost all frsh were
larger than 35 cm.

Length cornposition

Histograms s

tion of frsh in
Figs. 21 (sexed

Sample number
in Table 7. Percentage frequencies are percentages of
the total sample; thus, where fish have been sexed, the

TABLE 7: Mean lengths and ages of pelagic trevally taken by commercial purse seinere, lg72-zE

Vessel

2

3

4

5

6l
7

8

9
l0
1l
r2$
l3
l4

Slipper I.,

lay olPlenty 25-26 Jan 1972 Marine Cauntess
The Aldermen Is,
Bay of Plerty 25-70 Aug.Sep 1974 Martne Countess
Penguin Shoal,
Bay ofPìenty 46 14 Ocr l9i4 paramlunt
Ariel Ba¡rk,
east coast - Nov 1974 Marine Countess
Moriri I.,
Bay of Plenty - Jun 1976 Lindberg
Bay of Plenty 1974-76

I - 26-2? Apr 1977 to
- I May 1977

. 22 12 May 1977

. 22 19 May 1977

. 33 19 Jun t977
- 1977

South of North Capc - 2+ Nov 1977 San Benito
East ol Motiti I 44 l7 Nov 1978 Líndbers

t66 45 t'. 45.0 45.1 20.7

158 44.1! 44.3 44.3 16.5

152 42 {t 43.7 43.3 17.1

281 40 I 39.6 39.8 l0 6

150 43.2 43.5
626 43.E 44.2
r50
t50
r50
150
100
700
t50
r50

43.4 14.8
44.0 -+
42.8 t 5.0
44.r l5 5
41 9 13.6
42.5 t4.4
43. l I 3.4
43.7 -+
45.6 17 8
45 4 l9 5

" No data.
T Combinatìon of samples l, 2, 3, and 5 (sexed samples).
* Not calculared.
$ Combination of samples 7, 8, 9, 10, and ll (unsexed samples).
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a¡,d 24 (unsexed samples). Mean ages for the samples
are in Table 7 and Fig. 25.

_ The Bay of Plenry samples contained frsh aged
between 3 anð.37 years, with a broad distribution over
the range of ages. A reduction in mea¡r age fiom l9Z2
to 197 7 is suggested in Fig. 25, but the high mean age

in the 1978 sample suggests that further sampling is
necessary to check this trend.

Among the samples there were several peaks, or
modes, some of which represented strong cohorm a¡rd

o5101520253035
Age (years)

Fig 24: Age-fiequency disitributions of pelagic trevally taken by
purse seine offthe north.east coast ofNãw Zealaíd (unsexeâ
samples)
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Fig.23: Age-Íiequency distributions of pelagic trevally taken by
purse seine off the north-east coast of New Zealand (sexed
samples).

2

Jan 1972
n=166

Aug-Sep 1974

North of Motiti I

West of Motiti I
Oct 1974

n=152

Nov 1974
n =281

Total 1972-76
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Fig. 25: Mean age of trevally in pelagic sanples, by area md date
of collection.

others which were undoubtedly sampling artifacts. One
strong cohort was that of 1949. It first appeared as 23-

year-old ñsh in 1972 (sample I (Fig. 23)) and then as

modes at25,28,and29 yearsin 1974, 1977, a¡rd 1978

respectively (samples, 2, 12, a':ld 14 (Figs. 23 anð 24)).

It was also apparent at 22 yeaß in the 1971 demersal
sample (see Fig. l3).

A¡rother strong cohort was that of 1965, which can
be rraced through L976, 1977, a¡rd 1978 samples (sam-

ples 5, 12, and 14). Less prominent cohorts were those
of 1962 (samples 1,2,5, 12, and 14) and 1955, 1956,

a¡rd 1957 (samples I a¡d 14, and see Fig. l3). A par-
ticularly poor cohort appeared to be that of 1967 (sam-

ples 5, 12, anð,14, a¡rd see Fig. l3). Strong cohorts of
trevally ca¡r often be correlated with warm air and sea

temperatures during the spring and summer in which
the cohorts were spawned. Conversely, weak cohorts
often coincide with cool periods (my unpublished data).

Paul (197 7) observed a similar relationship for snapper.

There was no consistent difference between the age

composition of the 2 sexes (samples l-6).

A comparison of Fig. 13 with Figs. 23 and 24 shows
that the purse-seine samples did not contain as many
older frsh as the demersal samples. This suggests that
some old trevally do not school, a¡¡ observation which
is supported by divers who report that large trevally
are usually seen as solitary individuals.

RELATIONSHIP BETWEEN DEMERSAL AND
PELI\GIC PHASES

Although the length and age compositions of surface

ntly been recaPtured in sig-

seine and a variety of bot'
ing trawl, set net, ald line.

Some trevally probably move from the pelagic to the
demersa-l phase (and vice versa) as Part of a seasonal
pattern.

The life history, and the relationship between the 2

phases, ca¡ be summarised as follows. Juvenile trevally
up to 2 years old are found in shallow inshore areas.

From 2 years ofage onwards the young frsh enter the
demersal phase where they become vulnerable to
trawling. From about the age of maturity (4 years old
and about 35 cm long) some trevally move into the

pelagic phase and become lrrlnerable to purse seine.

Flowever, many mature frsh remain demersal and are
taken by trawl, set net, and line. In addition there is

an apparentþ seasonal movement of some adult fish
between the demersal ald pelagic phases.

It is likely that a similar interchange between the 2

phases occurs in other areas where both phases are
found, such as a-long the east coast of Norttrland.

There is no evidence to suggest that trevally school
in order to spawn. Schooling frequentþ takes place in
winter, when gonads are small, a¡d far more trevally
with ripe gonads have been found in demersal than in
pelagic samples. Trevally certainly feed while school-
ing, usua-lly on plalktonic organisms, and this may be
their main reason for schooling.

Because the pelagic a¡rd demersal phases belong to
the same stock of fish, parameters such as growth and
mortality are not presented separately for the pelagic
samples.

DEMERSAL SAMPLES, WEST COAST NEW
ZEALAND

Samples analysed
Most of the data included in this section were col-

Iected during a series of bimonthly cruises by James
Cooh along the west coast of New Zealand. from Tasma¡r
Bay to North Cape (Figs. I a¡rd 26) during l97l-72.
Data from a¡r additional cruise in JuIy 197 4 and from
single stations offFarewell Spit in October 1970, Sep'
tember 1973, and May 1979 have also been included
in the anaþsis.

Electrophoretic studies by Gauldie and Johnston
(1980) suggest that trevally along the west coast of the

North Island probably belong to I stock. Although this
seems likely, much of the biological information col-

lected during this study varied between localities a¡rd

for this reason the results have been presented on a

37" 30' S to 39" 20' S; C, South Tara¡raki Bight; and D,

Tasman Bay.

Comparable data from the different areas were not
always 

- 
available because of poor weather and the

oot
t
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unavailability of vessels. Data collected from the area
north of area A were too few to allow interpretation
and have been omitted from this study.

Most emphasis has been placed on the results from
areas A and B because they contain the most impor-
ta¡t trawl fisheries on the west coast of the North Island

175" E

Jan 1971

oa

Fig.26: Stations trawled during west coast North Isla;rd research cruises, 1971, 1972. a¡rd 1974. (a indicates sÞrions Íiom which trevally
data were rrsed-)
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arrd because adequate catches were taken there more
consistently tha¡ elsewhere. Both areas A a¡rd B were
divided into 2 depth zones, 0-50 and 50-100 m, and
the trevally length and age composition data have been
weighted on the basis of the relative area and Lime
trawled in each depth zone. The numbers of trevally
caught in depths greater than 100 m were negligible
and were disregarded. The 0- and l-year-old fish are
under-represented in the weighted length and age com-
positions because James Cooh was not able to trawl in
depths of less tha¡r about 15 m, where small trevally
are most abunda¡rt. No weighting of data by area and
depth was attempted for areas C a¡rd D. In these areas
only a few stations consistendy provided adequate
numbers of trevally, a¡rd data from these stations are
presented separately. The 2 stations in area C were off
Patea, in depths of 35 and 70-80 m. The samples from
area D were obtained from off the tip of Farewell Spit
in depths of 40-50 m.

For further details of ñsh catches and hydrological
conditions in these areas seeJames (1975), Roberts a¡rd
Paul (1978), and Paul, Roberts, andJames (1983).

Lençh composition

Figures 27-30 show the weighted length composi
tion by area, cnrise, and sex. Percentage frequencies
given are percentages of the total sample and not of
total males or total females a¡d thus show the relative
proportions of each sex at each length.

In area A (Fig. 27) the length composition of the catch
varied considerably throughout the sampling period.
Whether this was real variability or an artifact of
inadequate sampling could only have been resolved by
a more comprehensive series of surveys.

Mature trevally from area A were generally smaller
than those from area B (Fig. 28). However, in area B

more immature frsh were taken tha¡r in area A.
Although juvenile trevally probably occur in inshore
areas along most of the west coast of the North Isla¡rd,
there were strong indications that the shallow waters
of area B form the major nursery ground.

Data presented fo¡ areas C (Fig. 29) and D (Fig. 30)
were obtained from only a few loca-lities, mostly in
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Fig.27: Length.frequency distriburions oftrevally taken by research trawl, area A'
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Fig. 28: Length'frequency distribu¡ions of trevally taken by research trawl, alea B.

depths of 35-80 m. Some shallower and deeper waters
were sampled, but these produced only small numbers
of trevally. In areas C and D there were few juveniles,
and adults were consistently larger than from else'
where (see below). There was little seasonal variation
in mea¡r size or sex ratio in areas C and D.

In areas A a¡rd B the sex ratio was near unity and
the size frequencies by sex were generally similar, as

they were in the Bay of Plenty samples. In addition,
there was some indication that males a¡rd females were
differentially distributed by depth (Fig. 31), particularly
during wanner times of year. Females were usually
more common rhafl males in depths of 10-50 m, par-
ticularly from January to May, whereas males tended
to be more common than females in waters deeper
than 50 m. Throughout the cooler months both sexes

were caught in similar numbers in all depths, though
catches were small. Trevally spawn during the warmer
part of the year, but have never been found to spawn
in large concentrations. Why females should have been
more abundant tha¡r males in shallow water at this
time is unknown, though it may be related to spawn-
ing or post-spawning behaviour.

Age cornposition

Figures 32-35 show the age composition for areas
A, B, C, a¡rd D. Some of the data from different cruises

Females
Males

30 35 40 45

Length (cm)

Fig.29: Length.frequency distributions of trevally taken
research trawl. area C.
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have been combined to provide a more reliable overa-ll
estimate for the l97l age composition. The combined
histograms for areas A and B i¡clude data from May,
September, a¡d November 1971, and those for area C
also include data from March 1971. The combined his-
togram for area D includes samples from October 1970,
September and November 1971, July 1972, and Sep-
tember 1973 and was obtained by combining the same
cohorts.

All of the l97l samples in areas A a¡rd B (Figs.32
a¡rd 33) have been weighted by the relative area a¡rd
time fished in each depth zone. Data from area C
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Fig.30: Length.frequency distributions of trevally taken by
research trawl, area D.
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(Fig. 3a) are presented separately for the 2 depth inter-
vals 0-50 and 50-100 m. The data have nor been sepa.
rated by sex because sex ratios were generally similar
during tl¡e cooler parts of the year and growth rates
of males a¡rd females were not significantly different,
a sihration similar to that found in the Bay of Plenry.

J F M A M J J A S,O N D

Fig. 3l: Abundance of trevally by sex, depth, and season from
research trawls in areas A and B.
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Samples from area A contained mostly younger frsh,
unlike samples taken from areas further iouth on the
west coast of New Zealand and in the Bay of plenty,
in which more older frsh were present. The l9Z2 and
1974 cruises were restricred to depths of less tha¡r 50 m
a¡rd so the samples did not contain as many large, old
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Fig. 32: Age-frequency distributions of treva.lly ta-ken by research
trawl, area A.
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Fig. 34: Age-frequ_ency distributions of rrevally taken by research
trawl, area C.
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Fig. 35: Age-frequenry distributions of trevally taken by research
trawl, area D.
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frsh as the combined l97l sample. Prominent cohorts
were apparent in the combined l97l sample at ages

5, ll, and l7 years and these could be traced through
the samples taken in 1972 and 1974. AIso apparent iri
the 1974 samples were some very strong young cohorts.
Weak cohorts such as that aged 3 years in l97l could
also be followed through the successive samples.

In area B the age composition bore some resem-
blance to that in area A in that most fish were less

than 20 years old. Some of the same prominent cohorts
found in area A, for example, at I arrd 5 years in the
l97l sample, could be followed through the successive

years' samples. The weak cohort aged 3 years in l97l
was agarn Present.

The age composition of trevally from south of Cape
Egmont, that is, from areas C a¡rd D, appeared differ-
ent from that further north. Although several inshore
areas were fished, few juvenile trevally were found (see

also Figs. 29 and 30).

In area C the age and length compositions of the
samples within each of the 2 depth zones were remark-
ably similar throughout the sampling period a¡rd so
data for each zone have been combined. This consist'
ent seasonal pattern suggests that the same population
of trevally remained in this region throughout the year.
Figure 34 also shows clearly the typical situation found
for trevally; that is, samples from deeper water con-
tained a greater proportion of older frsh.

In area D, apart from I particularly dominant cohort,
there were similar numbers of fish in a wide range of
ages, which gives a flat age composition. This was more
pronounced here tha¡r elsewhere on the west coast of
New Zeala¡rd, though the same flat age composition
was found in the Bay of Plenty trawl samples (see

Fig. l3). Such a¡r age structure is typical ofa population
that has not been heavily fished. Why the dominant
cohort was present in only 2 of the 6 samples collected
from the same locality, off the tip of Farewell Spit, is
unclear. The only other similarity between these 2

samples is that they were both collected during Sep'
tember, though 2 years apart. The other 4 samples
were collected during winter and spring. No significant
catches were made during summer a¡rd autumn. A pos'
sible explanation for the infrequent appearance of the
dominant cohort could be that different populations of
trevally move through the area off Farewell Spit at dif'
ferent times of the year.

Growth in length

Growth of trevally from the 4 west coast areas is
presented in Fig. 36 and Table 8. Up to about I year
of age frsh appear to grow at comparable rates in all
areas, though sample size was small. From I year
onwards, until the flat portion of each curve is reached,
there is considerable divergence in growth rates. The
initial fast rate is maintained for progressively longer
periods in the more southern areas. A possible expla-
nation for this is that cooler temperatures delay the
onset of maturity, though there are no data to suPPort
this theory. If the onset of maturity is delayed, energy
normally used for reproduction could be diverted into
increasing body size.

Growth rates for older mature fish are represented
by the flat sections of the curves in Fig. 36. It seems

likely that the decrease in growth rate of mature fish
from north to south is related to temperature, the
warrner temperatures throughout the year in the north
permitting a faster rate of growth.

Growth in length of trevally on the west coast of
New Zealand ca¡r be summarised as follows. The initial
fast growth rates typical of young trevally are main-
tained for increasingly longer periods in more south-
ern areas. After growth rate slows (at between about
5 and l0 years of age, depending on the area), the
subsequent growth rate is faster in the more northern

Area A 1971
n=591
Area B 1971
n=541
Area C 1971
n=737
Area D 1971
n=28O

o1020304050
Age (Years)

36: Growth in length oftrevally taken by research trawl. west
coast New Zealattd. (Areas A, B, md C contain combined
data from May, September, and November I97l; area D
contains data Íiom September a¡d November l97t only.)
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TABLE 8: Mean lengths at age of trevally taken by research traìrl, wcst coast New Zealand

Ag"
Çears) Area B Area C

Ag.
(years) Area C Area D

24 4\7
25 460
26
zt
28 43.0
29 43.0
30
31 43.0
32 450
J5
34
35
36
3t
38
39
40
4l
42
+.)
+4
45
46
47

No. of fish 602

"Areas A, B, and C contain combined data fiom cruises in May, September, and November 197Ì
Ì Contains combined data fiom September and November l97i only.
* No data.

THE FISHERY

The history of the revally fishery is difficult to
describe because before 1960 and from 1974 unril 1982
fishing statistics were based on port of landing rarher
than fishing area. Fishing vessels ranged widely, so thar
port landings could not be converted into catch by
area. Consequently only total landings are presented
for the periods before 1960 and from 1974 ro 1980.

However, even the recorded official landings since
1974 have to be treated with considerable caution. On
several occasions, when checks were possible, the frg-
ures were shown to be in error and usually consider-
ably less than the actua-l catches. For example, in 1977
the catches of trevally by purse seine were 3037 t
according to logbooks kept on the vessels, 2914 t
according to company records, but only 1975 t accord-
ing to the official landings figures.

Another difrculty is that before the mid 1960s vary-
ing qualtities of trevally taken by rrawling, rhe pre-
dominant fishing method for this species, were

discarded at sea because of a lack of markets. As a
result, the actual catches over this period would have
been larger than the recorded landings.

Discards

Estimates of the quantities of rrevally discarded at
sea were obtained from experienced trawl frshermen.
Before 1955 it appears that more tha¡r 50% of trevally
caught were dumped, but by 1960 this had decreased
to about 30%. By the mid 1960s, as markets improved,
less tha¡r l0% were being discarded, a¡rd by the late
1960s virrually all the trevally caught were being la¡rded.

Although catches were undoubtedly higher than
landings, not all discarded trevally would have been
dead or would have died after being returned to the
water. Mortality of trawled trevaìly held in holding nets
during taggmg experirnents has been negligible, which
supports the generally held view that the species is
hardy. Fishermen's estimates of the proporrion of dis-
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39.2
39.0
4 1.9
40. r
39. l
40.4
41.6
4r.4
41.0
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416

36.0
36.5
3 8.8
3 8.3
39.4
3 8.8
39.4
40.0
392
404
4r.3
4 t.I
41.1
4t.5
4 1.5
42.5

42.7
+2.6
42.8
432

47.4
46.9
+7.6
486
4 8.3
48.0
46.9
4 8.8
47.8
+7.8
47.6
4 9.3
4 8.6
48.3
503
4 8.6
510
48.7
49.0

Area A"

-t
23.3
290
3 1.6
32.9
34.3
34.5
35.0
34.9
.) f,.5
36.3
36.3
365
J/ I
3t 5

38. l
39.3
3 8.4
39.4
3 8.5
39.9
43.3
4 1.8
40.5

A¡ea Dï

12.8

J a.5

41.4
426
433
4+.3
4+.9
46.5
46.5
+6.7
+6.2
47.3
47.0
46.2
478
47.+
487
46. r
47.6
47.2
4 8.0

Area A Area B

430
44.0
425
43.8
42.0

42.8
39.0
44.7
450
440
41.0

47.0
44.0

43.0

43.0
74+

4 3.0
44.4
43.7
45.1
4+.7
43.0
46.0
43.0
47.5
45.0
47.0

4+7
44.0

44.0

993

49.0
4 6.5
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ffi Official landings
Estimated (unof f icial) landings

1955 1960 f965

Fig.37: Tota.l New Zeala¡rd trevally landings, 1943-80.

carded trevally that were dead when returned to t}re
sea ranged frorn 200/o to more tha¡r 8070; the variation
presumably depended on the manner in which the
catch was handled. In the absence of other informa-
tion, it has been assumed that the mortality of dis-
carded fevally was about 5070.

Estimates of the varying proportions of the rrevally
trawl catch discarded and the mortality of discarded
fish must be considered when interpreting the follow-
ing landings a¡rd catch per unit of effort (CpU¡) data.

Total landingp, 194t-80

Total treva-lly landings in New Zeafand. for 1943-80
are given in Fig.37. Landings before 1943 never
exceeded 100 t per year. The general pattem is of
slowly increasing landings r¡ntil the late 1960s, followed
by big increases in 1970 and 1971. As the official land-
ings figures from 1974 through to at least 1977 under-
estimate the acnral quantity of trevally caught, catches
probably increased further during the mid to late 1970s

in 1979 and 1980 have shown a decline, mainly due
to a fall in purse-seine landings (see Table 6). Unpub-
lished data, which have been made available to indus'
try fames arrd Ryan 1979), suggest that total landings
will continue to fall if current fishing levels are
maintained.

Landinç by area, 1960-7E

Detailed and accurate landings statistics by area and
method are available for 1960-73 only. Figure 38 shows
the location of the 7 principal trevaþ fishing areas

described. The statistics for landed weight, effort, and
CPUE are analysed separately for the principal trevally
fishing areas (Figs. 39-45 and Appendix 1).

Fig. 3E: Fishing statistical areas for northem New Zeala¡rd
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East Northland (Area 2, Fig. 39). Tota] annual
landings, though fluctuating from about 100 to 400 t,
generally decreased between 1960 and 1973 as a result
of the declining trawl catch. The decline appeared to
be due to a reduction in effort rather tha¡r a decrease
in fish abundance, because CPUE remained fairly con-
start throughout the period, except for a drop in 1973.
Statistics for the other 2 frshing methods of signifi-
cance, set netting a¡rd Danish seining, varied little over
the period.

Hauraki Gulf (Area t, Fig.40). Annual landings
from this area varied between 400 a¡d 600 t during
1960-69. After this landings increased to almost 800 t
in 1973. Although effort in the trawl and set-net fish-
eries fluctuated considerably, and effort in the Danish

z'- ---\/\

seine ñshery increased markedly from 1970 to 1973,
there is little relationship between effort ald catch or
CPUE, probably because most fishermen in this area
rarget ñsh for snapper and only incidentally catch
trevally.
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Bay of Plenty (Area 4, Fig.41). This area has been
one of the most important for trevally and has pro-
duced between 250/o and 50% of the a¡nual New
Zealanð, trevally catch during l97O-77. Landings from
the area increased steadily between 1960 and 1969,
increased threefold in 2 years to reach almost 2000 t
in 1971, and subsequently declined to 786 r in 1973.

Annual landings by set net were small; they ranged
from 20 to !76 t during 1960-73.

Reasons for the considerable increase in trawl catch
in t97I and 1972 are unclear. Pair trawling did not
begin nntil the summer of 197l-72, and the first sig-
nificant catches were not made until the following sum-
mer (N. Parsons pers. cornm.). Therefore this method
could account for the high catches n 1972, but not
1971. The view often expressed by trawlermen was
that the increase in 1971 resulted from trevally being
available in good quantities close to the port of Tau-
ranga throughout the winter as well as the summer.
They attributed ttris unusual occurrence to the large
quantities of dredged material dumped outside the
Tauralga Harbour entrance that year. It is possible
that the dredged material contained food, or that the
dirty water improved the eficiency of the trawl gear.
Flowever, a¡rother explanation is that the warm sea
temperatures which prevailed during the early 1970s
could have caused trevally to remain lrrlnerable to
trawling in shallower waters throughout the cooler
winter periods. Roberts and Paul (1978) refer to 1971
as being the warmest year during 1965-71. Whatever
the reasons for the increased trawl catches in 1971-
72, the distinct increase in CPUE during these years
supports the view that trevally were more vulnerable
then than in preceding years. The increase was defi-
nitely not attributable to an increase in fishing activity,
as effort decreased over this period.

East Cape (Area 5, Fig. a2). Trevally landings,
though small by comparison with those in other areas,
had increased to about 400 t by the early 1970s and
trawlers took almost the entire catch. As the prime
target species in this area is tarakihi, which is taken in
deeper water than trevally, the lack of any relationship
between trevally catch and total trawl effort is not sur-

prising. Flowever, there is a close relationship between
trevally landings and CPUE, which suggests that
increased landings resulted from either a¡r increase in
the time vessels spent fishing for trevally a¡rd other
inshore species, or an increase in the efficiency of the
fishing gear.

North Ta¡anaki Bight (Area 10, Fig.43). After a

decline in the early 1960s, trevally landings slowly

increased to about 450 t annually in the earþ 1970s.
The bulk of the catch in this area was taken by trawling
arrd the general pattern of catch, effort, and CPUE is
similar to that found in the Bay of Plenty (Area 4).

There is a close relationship between landings and
CPUE for the trawl frshery, but little correlarion
between landings a¡rd trawl effort. Similar relation-
ships in different areas support the view that increased
catches, particularþ in trawl laldings in the early 1970s,
ca¡r be attributed to increased n-rlnerability of trevally,
most likely caused by some widespread environmental
chalge such as the r¡¡arm temperatures experienced
during those years.

West Northland (Area ll, Fig.44). Annual land-
ings from this area increased from l9l t in 1960 to
over 1000 t in 1973 and were mostly taken by trawl.
The most important rarget species for trawlers along
the west coast of Northla¡rd is snapper. As trevally is
often taken with snapper, it is not surprising that there
is a close relationship between landings and effort for
the 2 species. Again there was a¡r increase in CPUE
a¡rd catch in the earþ 1970s, though it was not as dis-
tinct as in areas 4 and 10.

N{nety Mile Beach (Area 12, fig. a5). Landings
frorn this area were taken almost entirely by trawl and
they increased substa¡rtially from less than 100 t before
1966 to about 500 t trt 1972 and 1973. Trawl effort
fluctuated, but coresponded broadly with the changes
in landings. Catch per unit of effort soared in 1970 in
spite of effort being s¡nall; this was probably the result
of increased trevally nrlnerability as suggested for sev-

eral other areas.

General trends in landings

Total trevally landings for New Zealand showed only
a gradual increase until the early 1970s, when a¡rnual
catches quickly doubled to about 6000 t. There is some
evidence to suggest that this sudden increase resulted
from increased vulnerability caused by higher sea tem-
peratures. After these high catches there appeared to
be a drop in landings during the mid 1970s, though
data are poor for this period.

Most of the trevally catch up until the mid 1970s
was taken by bottom trawl. However, Íìom 1975 to
1977 purse-seine catches increased markedly to reach
over 3000 tlrr 197 7 , when the total catch by all methods
also peaked at over 7500 t. Landings have since declined
to about half the 1977 level.
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SUMMARY

The trevally, Caranx georgianu Cuvier, occurs around
the North Isla¡rd and the northern part of the South
Island of New Zeala¡rd, where important trawl, purse-
seine, and set-net fisheries for the species are based.

The aims of this shrdy were to find a satisfactory
method for aging trevally, to collect data on length,
age composition, and gr"owth, and to estimate, where
possible, mortaliry rates arid yield per recn-rit. The main
frsheries for this species were also examined.

Age was determined from otoliths. A¡nual deposi-
tion of I hyaline and I opaque zone was confrrmed
by 3 independent techniques: seasona-l changes in oto-
lith edges, the number of zones on orolirhs of fish from
consecutive cohorts, a¡rd the number of zones added
in subsequent years to otoliths of frsh from a domina¡rt
cohort. Hyaline zones were formed in late winter or
spring and opaque zones in summer. Although otoliths
from most fish younger than about 12 years could be
read whole when immersed in paraffin oil, otoliths frorn
older frsh needed to be sectioned a¡rd burnt to esrimate
age. A birthday of I January was established to facili
tate agrng.

Aspects of population biology were investigated for
3 different groups of trevally: demersal frsh taken by
research trawl in the western Bay of Plenry and on the
west coast of the North Isla¡rd, ald pelagic schooling
trevally taken by commercial purse-seine vessels on the
east coast of the North Island.

Trevally in the demersal samples from the wesrern
Bay of Plenty were mostly less than 5 years old, though
there were many fish up to 45 years old. Considerable
variations in cohort strength were noted. Numbers of
males and females at most lengths and ages were simi-
lar, though there was a rendency for large females to
be more common than large males.

Growth rates of males a¡rd females were similar and
sexes were combined for all growth analyses. The
growth rate of trevally was nor adequately described
by the von Bertala¡rffy growth equation, and therefore
growth data for a-ll areas are presented as mean lengths
at age. Trevally were found to grow moderately fast
in their first few years, but thereafter at a much slower
rate.

Length-weight relationships for 30 areas aror¡nd rhe

inilil illlÏ[ tilrfi ilrililT ]il[ tiltfl rilrilliltil u ililt
the following equations:

w : 0.016L3 064 or
logW:3.064 logI,-4.158

Catch curves were used to estimate insta¡rta¡reous
mortality rates of trevally from the western Bay of

Plenty. Calculated values of natural mortality (M) were
0.03 up to age 34 years a¡rd 0.30 above this age. The
very low values of M obtained were compared with
published data for other slow-growing, rernperare
marine species. It is likely that low values of M rnay
be typical for such species. Fishing mortality 0Ð was
estimated at about 0.6 for the period 1966-71.

Age of recmitrrÌent in the Bay of Plenty trawl fishery
for trevally, and probably in most other New Zealand
trawl fisheries for this species, was approximately 2
years.

Yield per recn¡it isopleths were derived for the
demersal population in the westem Bay of Plenty, but
until a far greater degree of stability is attained in this
frshery these data are of limited va-lue. The data sug-
gest that a higher yield could be obtained by reducing
fishing effort a¡rd/or by increasing the age at recruitl
ment with measures such as increased mesh size.

Purse-seine samples of pelagic schooling rrevally from
the Bay of Plenty a¡rd elsewhere contained few small
fish younger than 5 years, compared with demersal
samples, in which most fish were younger tha¡r this.
Little variation was found in the size composition of
schools of surface schooling trevally; most frsh were
between 40 and 50 cm.

Tagg g data $ames 1980) have shown rhat demer-

ally up to 2 years old are found in shallow inshore
areas. Subsequendy, the young fish enter the demersal
phase, where they become lrrlnerable to rrawling. From
about the age of maturiry (4 years old and about 35 cm)
some individua-ls enter
become lrrlnerable to p
fish remain demersal,
set net, a¡rd line. In addition, there appears to be some
seasonal movement of adult fish benveen demersal and
pelagic phases.

Demersal samples of trevally from the wesr coast of
New Zeala¡rd were grouped into 4 main areas-Kai-
para, North Tara¡raki Bight, South Taranaki Bight, and
Tasma¡r Bay-because length and age composition

Although numbers of males and females were gener-
ally similar, an analysis by season and depth suggested
that during the warmer months females were slightly
more abr¡nda¡t tharr males in shallower waters, arrd
vice versa in deeper waters. Juvenile treva-lly were taken



in shallow waters in most of the west coast areas
covered in this study, but they were uncommon south
of Cape Egrnont a¡rd most abundant in shallow water,
probably a nursery area, in the North Taranaki Bight.

Trevally from the northern 2 areas were mostly
young to moderate age, whereas frsh from south of
Cape Egmont were, on average, older and larger.

Growth rates also varied between areas on the west
coast. A slowing of the initial fast growth rate occutred
at a younger age in northern areas, possibly as a result
of the earlier onset of maturity. However, once ages
of 5-10 years are reached, trevally continue ro grow
at a faster rate in the north, possibly because of the

higher year-round sea temperatures there tha¡r further
south.

as a result of the gradual decline of the trawl frshery.
Estimates are given of the proportion of rrawl catches
of trevally which were dumped at sea before 1970.

Landings, effort, a¡rd catch per unit of effort have
been described for the 7 most important trevally fish-
ing areas for 1960-73.
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APPENDIX I

Trevally landings (t), efiort (days fished), and CPUE (kg lmded per day at sea) by main areas and methods, 1960-73

Date

l 960
1961
I 962
r 963
I 964
I 965
I 966
1967
r 968
r 969
l9 70
r97I
197 2
l 973

I 960
r 96l
I 962
r 963
1964
l 965
I 966
196 7

r 968
r 969
t970
r97 I
t97 2
l 973

ì 960
r 961
r 962
l 963
l 964
I 965
I 966
r 967
r 968
I 969
l 970
197 I
t97 2
1973

l 960
l96l
l 962
I 963
I 964

i905

l 966
r 967
r 968
l 969
l 970
197 I
197 2

1973

Landings

l7l
265

256
264
353
278
170
149
156
r95
175
186
47

429
341
282
342
412
340
341
283
369
432
474
587
457
351

285
195
+Jl
449
327
360
606
354
474
558
880

r 690
l 551

670

77
t43
174
ì45
t79

r3u

Trawl
Effort

1 152
2 123
2 397
2 482
2 248
2 646
2 467
I 649
I 910
l 187

939
862
777
568

2877
2 252

583
980
239
468

CPUE

149
t25
r56
103
il6
I ó.1

il3
103

tó
l3l
208
203
240

84

ì49
152
178
173
r84
r38
u3
l14
t47
186
193
210
r49
ì56

set and drag ners Danish seine :äî -.tltoo,
Landings Effort CPUE Landings Effort CPUE Landings Landings

Arez 2

641 37 5 281 t9 0 201
657 23 t0 344 30 0 29r
72r 32 t0 405 24 0 406
425 26 9 403 23 0 299
615 26 t3 406 32 0 293
672 42 5 3t2 16 0 386
569 41 2 136 t5 0 303
3r8 52 7 211 33 0 193
239 47 3 r91 20 0 164
675 47 2 303 9 0 tgl
543 61 5 41I \2 o 234
729 53 17 734 24 0 232
050 48 7 5 964 78 0 310
02r 42 21 563 38 0 I 14

Ârea 3

24
t5
23
ll
16
27
23
t6
u
3r
JÓ

38
50
43

163
r5t
t25
t62
186
t92
r43

79
143
r2l
207
130
r88
4r0

3 032
2 485
2 506
2 317
2 446
2 797
3 067
2 251

488 14 0 613
367 ]t 0 507
487 23 0 443
559 14 0 527
25r 22 0 626
029 18 0 546
540 9 0 499
384 t5 0 385
229 23 0 543
358 7 0 564
657 l3 0 717
256 t0 0 761
649 15 33 722
590 t2 0 794

o 352
o 262
I 509
0 490
0 349
0 386

75 732
33 431
0 53r
0 652
o t042

t09 l 988
t99 I 939

0 786

l0l 48
67 48

164 47
123 37
102 20
88 33

l8r 48
92 42

t27 57
156 9r
298 153
636 176
492 I l0
279 106

2 0 0 0 0 188
00001219
7000029+

25 0 18 24 0 175

10001210
6300022433
00000443
00001308

676 61 21
954 5l 15
741 46 3+
690 60 2t
615 7t 27
570 75 18
654 54 t4
352 34 2r
690 53 28
852 42 I
102 66 34
522 52 33
346 80 42
496 164 3l

A¡ea 4

I

2
2
2
2
2

2
J
I

2
2

2 838
2 9r4
2 779
3 639
3191
4 098
3 348
3 83r
3 736
3 5?0
2 952
2 657
3 t50
2 399

I 488
2 060
2 2t2
2 603
2 851

2 53{

188 2 958
218 2 883
904 9 994
r75 I 905
209 I 943
410 2 333
443 2 208
306 1 972

11 89
5 149
8 184
0 r45
0 179

0 r32

2

2
2

00
00
00
00
00
00

000
7430
000
000
600
000

520
700
79 0
560
630
5?0

724 67 18 403 46
735 66 19 586 33
646 72 3 r22 28
638 57 4 230 t9
5r9 38 2 68 30
513 64 6 320 18
437 ill I 167 8
42t 100 0 23 5
550 104 0 26 7

747 123 I t72 9
726 2r2 7 52t 15
91 7 192 t0 677 16
569 195 78 767 r02
909 117 5 398 t5

Area 5

64025
77 0 0

t3201
91 0 20
109 0 5
176 0 12
202 0 26
155 0 66
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0
0
0
0
2

0
0
0
0

0
0
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208



Admiralty Bay, 8, 26
Ag.

composition, 18, 19-20, 27,29-30, 92,
JJ-JO

determination, 9- I 7
of recruitment, 25, 26

Age.frequency disrribution, 18, 19, 20, 2t,
27, 29, 35

Ageìength relationship, 18, ßee also Length
at age)

Age-weight relationship. 22. 25
Aging,10,15, l6-17, t9
Anoþloþoma jmbria, 17
Areas sampled. sec Samples analysed,

Sampling methods
Ariel Bank, 8, 26, 27, 28, 29, 30
Astrolabe Reef, 19, 27

Bay of Plenty, 8
fishery, 18, 25,40,4t
Êshin! statistical area 4, 38
inshore demersal stocks, l8
lmdings, Ì960-73, 40, 4t
pelagic samples, 28, 29, 30
(s¿¿ ¿/so Western Bay of plenty)

Bowentown Heads- ìÓ

Cape Egmont, 8, 36
Carangid, l?, 22
Carangidae, natural mortality in, 25
Caranx, 2l
Caranx eLacate, 17
C georgianus, 1?, 25
C ignobilis, 17

C melamþ1gus, 17
Castle Island. 19
Catch

cumes, 22-23, 24
per unit of effort, 38, 39, 41, 42, 43
records, 37
recreational, 9
G¿¿ ¿lio Purse-seine catches, Trawl carches)

Cheilodactylidae, natural mortality in, 25
Cheilodacly Lu macroþlents, 2 5
Chrlsoþhrys auratus, 17,25
C major, 25
Cohorts (year classes), 9

in age composition, 19, 20, 29, 30, 36
in age determination, 13, 14, 15, 16, 17
in catch cumes, 22. 24

Danish seining, 39, 40. 42, 43
Demersal phase. relalionship with pelagic

phase. 30
Demersal samples

west Coast New Zealand, 30-37
westem Bay ofPlenty, l8-26

Denlex macrophthaLmus, 12

ilililil111ü

East Cape, 8

fishing statistical area 5, 38
landings, 1960-73, 41, 42

East coast North Island, l8
pelagic samples, 26-30

INDEX

East Northla¡rd
fishing statistical area 2, 38
landings, 1960-73, 39

Effort, 9
and yieìd per recnrit, 25
in principal fishing areas, 38, 39, 40, 41,

42, 43

Farewell Spit, 8, 9, 15, 30, 32, 36
Fin rays, 9, l0
Fishery,_ 3^7-43 (see a/ro Purse.seine fishery,

Trawl frshery)
Fishing methods, see Da:rish seining, Line

frshing, Nets, Purse-seine, Recreätional
fishermen, Trawl

Fishing mortality, 22, 24. 25
Fishing statistical areas, 37, 38, (s¿e ako

Bay of Plenty, East Cape, East North.
land. Hauraki Gulf. Ninäty Mile Beach,
North Taranaki Bight, Wesr Northland)

Growth, 9, 17, 18, 30
curves, 20, 21
equation, von Bertalanffy,20, 21, 24-25
in length, 20-22,36
in weight, 22
rates, 16, 21, 34,36

Cisbome, 8, 26

Hauraki Gulfl, 8

frshing stadstical area 3, 38
landings, 1960-73, 39

Ikater¿, 18, 22

James Cooh,9, ì8, 30, 32

Kahawai, l2
Kaipara (area A), demersal samples from,

30, 3t, 32, 33, 34,35, 36,31
Kaipara Harbour, 8
Kemadec Islands, 9

Landings, 9, 26
by Êihing stadstical area. ì960-73. 38-

4r,42,43
general trends in, 4l
roral, 1943-80, 38

Length
at age, 20, 21, 22,37

Çomoosiilon, l0-19, ?7, 30, l?-33t t |ltttllrtll
in yield per recruit estimates, 24

Length-age relationship, l8
Length-frequenry distribution, 9, 13, 14, 16,

17, 18, 19, 27,28,32,33,34
Length, growth in, 20-22, 36
Length-weight relationship, 22, 25
Lindbtrg, 26, 27
Life history, 2+, 25, 30

Line fishing, 30, lsee ¿/so Recreational
fishermen)

Lord Howe Islmd, 9

Marine Counles, 26, 27
Management measure. lor higher yield. 25
Maturity, delay of onset, 36
Mayor Island, 19, 27, 28, 29
Mercury Bay, 8, 18, 19
Mesh size, 18, 25
Mortality, 9, 18, 30, 37, 38

ñshing, 22, 24, 25
natural, 19, 22, 24,25
rates, I 9, 20
to¡al,23-24, 25

Motiti Island, 19, 27, 28, 29
Mount Maunganui, l9
Movements, 18, 30, 36

Natural mortality, 19, 22, 24, 25
Nets

Gra¡ton, 18
holding,3T
ser, 9, Ì8, 30, 39
trap, 14

Ninety Mile Beach, 8
frshing statistical area 12, 38
landings, 1960-73, 41, 43

Norfolk Isla¡d, 9
Northland, 8, 30, 39, (see akoEast Northla¡rd)
North Cape, 8, 9

pelagic samples, 26, 27, 28, 29, 30
North Taranaki Bight (area B), 8. 9, 13. 30

demersal samples from. 30. 31, 33. 34.
JJ

fishing statistical area 10, 38
landings, 1960-?3, 41, 42

Nursery ground, 32

Opercula, 9, l0
Otoliths, 9

conñmation of annual zones in. 12-16
examination of, 1l-12
morphology, l0-l I
use in aging, 16-17

Pagrosomu (:Chrysoþhryl major, 25
Pair trawl, 9, 4l
Paramounl, 26, 27
Patea, 8, 32
Pelagic phase, relationship with demersal

phase, 30
Pelagic sarnples, 18

east coast North Island, 26-30
Penguin Shoal, 19, 27,28,29
Percoid species, 19, 2l
Poor ltuights Islands, 8, 26

Itoportionr 0f ¡çlrçf, i9, ?,i, Il, (.lrr nl¡o lcxt|lllllrlil
rario)

Purse-seine, 9
catches, 9, 21, 30, 37, 4l
Âshery, l8
landings, 9, 27, 38, 40, 42
samples analysed, 26, 27
sets, 26
vessels, 26, 27



Rays, fin, 9, 10
Recreational flshemen, 9
Recnritment, age of, 25. 26
Red grrnard. 12
Research trawls, 18

west coast New Ze¿lmd, 30, 31, 32, 33,
34, 35, 36, 37

westem Bay of Plenty, 18, 19, 20, 21, 22,
23

Rock fishes, 17

Sablefrsh, 17
Samples anaJysed

Bay of Plenty, 36
east coasr North Island, 26-27
west coast New Zeala¡d 30-32
wes

Sampl
Smpl
Sampl fawls
Sampling variation, 19
San Benito, 26, 27
Scales, 9, 12
Schooling, 20,26,30
Schools, 9, 27
Scorpaenidae, naturaì mortality in, 25
Sebates alutus, 25
S marinus, 25
Sebutes sþþ., 17
Senescence, 24
Sets, purse-seine, 26
Sex ratio, 33, 34, kee a/so Proportions of

sexes)
Size composition

variation between schools, 18, 27
of Ariel Bmk samole. 29

Slipper Island. 19, 2ì, 2.s. 29

Snapper, 12, 17, 19, 20, 21, 25,30, 49, 4t
Sole, ll
Solea solea, ll
South Tarmaki Bight (area C), 8, 9, 30

demersal samplès Ëom, 3t, 22, 93, 94,
35, 36, 37

Sparidae, narural morraliry in, 25
Spawning. li, 19, 30, 33
Stations trawled, s¿¿ Research trawls
Stocks

inshore demersal, 18
demersal md pelaeic, 30

Suroival- I g

Tuggog, 9, 18, 30, 37
Taius tumlfronr, 25
Taraldhi, 12,19,21,4I
Tasma¡r Bay (area D), 8, 9, 15, 30

demersal samples Íiom, 31, 32, 32, 24,
35, 36, 37

Tauranga, 4l
Tauranga Harbour, 4 I
Temperatures

aad growth rates, 36
and
and
and

The Al 7,25,29
Total mortality, 23-24, 25
Trachurus decLfuis, 17
T jaþonicu:, 12
T murþþi, 17
T trachuru, I7, 22
Trawl

catches, 9, 38, 39, 41
frshery, 18, 24, 25,31,37
landings, 9, 39, 40, 41,42,42
samples aralysed, 18, 30-32, 36

Trawl, pair 9, 4l
Trawls, research, 18, 19, 20,21,22,22,

30-32, 33, 34, 35, 36, 37

Urohyals, 12

Vessels
commerciaì purse-seine. 26. 22
fishing.37
research, 18, 19

Vulnerability, 15, 30, 4l

Wairarapa coast, 8, 26
Weight

growth in, 22
)

W5
W ,25

w 16, t7
West Coast New Zeala¡d, 9, 35, 36, Z7
West Coast North Islmd, 18, 30, Sl, 82
West Northland

frshing statistical area I l, 38
landings, 1960-73, 4t, 43

Wesrern Bay of Plenty
areas trawled in, 18, 19
demersal samples from, l8-26

Wh;rngamata, 8, 18, lg

Year classes, 9
Yield, 18, 22, 25
Yield per recruit, 9, 22, 24-25, 26
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