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CORRELATION BETWEEN CATCH DATA FROM BOTTOM LONGLINES AND FISH CENSURES
IN THE SW LAGOON OF NEW CALEDONIA
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ABSTRACT

On a total of 363 bottom longline sets in the SW
lagoon of New Caledonia, 45 were surveyed using
visual census. Abundance and biomass estimates
were derived from these censuses. These estima-
tes were highly correlated to catch per unit
effort in numbers and weight. From these rela-
tionships were established contour maps of soft
bottom fish abundance and biomass. The total
biomass of longline catchable fish was estimated
between 11800 and 25500 tons with an average of
17700 tons which represents 5.8 tons/km2. It was
also estimated that longline catchable fish re-
presented %48 % of the total fish biomass of soft
bottoms. Comparisons with other soft bottom fis-
heries in the region are presented.

INTRODUCTION

The study of coralline fishes is often limited

to strictly coralline zones. In most places of

the Pacific region a large number of coralline

species are found on a variety of habitats, in

particular over "soft bottoms" which may repre-
sent a very large surface. For instance, nearly
80 % of the S.W. lagoon of New Caledonia is co-
vered by such soft bottoms.

These surfaces are very variable in nature, but
they usually support some coralline formations
that preclude the use of trawl nets. In most
instances the only convenient methods of fis-
hing are by traps or hook and line, either by
handline or by longline. The latter method pro-
ved to be easier to standardize and compari-
son of catch with densities are straightforward
when using visual censuses.

Underwater surveys of longlines or handlines
has been undertaken by a number of authors(High,
1980; Grimes et al., 1982; Ralston et al., 1986;
Richards & Schnute, 1986). The two latter rela-
ted CPUE to densities derived from visual cen-
suses, indicating that in most instances they
are proportional. However, no attempt was made
to evaluate the biomass of a given area from
the CPUE-visual densities relationships.

METHODS
1-VISUAL CENSUSES :

As the longline was set, two divers would take
position at the start of the line and wait for
the line to lie on the ground. Each diver re-
corded fish on one side of the line. Only spe-
cies susceptible of biting on the line were
counted. This species .list was derived from
220 previous longline sets. Fish size was
estimated by 5 cm classes, the accuracy of
these visual evaluations being checked on the
fish caught on the line. The perpendicular
distance of the fish to the line was estima-~
ted in meters, fish being recorded at a maxi-
mum distance of 15m. In case of several fish
seen simultaneously at different distances

the nearest and furthest distance were recor-
ded. Fish already caught on the line were

not taken into account.

2-BOTTOM LONGLINE :
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Figure 1. Longline diagramm.

The gear in use is illustrated on figure 1.
Each line was 280m long and had 100 hooks. Circu-
lar hooks MUSTAD* 3997L (n°7 to 9) or MUSTAD*

{n° 8 or 9) were used instead of "straight" hooks,
because of their higher yield (Gibson, 1979;
ANON., 1982; ANON., 1984a, 1984b). According to
Ralston (1982) a 30 % difference in hook size does
not induce marked difference in catch. The largest
size difference in our experiment did not exceed
18 %.

Hooks were baited with cut pieces of squid (Noto-

darious sloanii). Soaking time was one hour.

Species, size and position on the line was recor-
ded for each fish caught.

RESULTS

1-BOTTOM LONGLINE :
1.1-Sampling strategy :

A total of 363 sets were laid which amounts to
41600 hooks. Figure 2 indicates the position of
these sets in the S.W. lagoon. There are two sets
for every position except for the first 86 sets.
The maximum distance between two setting posi-
tions does not exceed 3 nautical miles.
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Figure 2. Position of the longline sets.
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Forty five sets were surveyed. This represents
4977 hooks, or 12 % of the total number of hooks.
Due to poor visibility it was not possible to
survey sets nearshore. Diving time being limited,
only one set was surveyed below 30m. The posi-
tion of the surveyed sets are indicated on figure
2. .

1.2-Species composition :

Table 1 indicates the species caught during all
sets and those caught or seen on the surveyed
1ongline sets. A total of 78 species were
caught on all sets of which 31 were present on
more than 10 sets (these are referred as
"oommon” species). Thirty five species were
taken on the surveyed set of which 26 were
common species (80 % of total common species).

3-Size ‘and” xields H

The average size of fish on all sets and sur-
veyed sets are-identical with the exception of
three species--:. Cephalopholis sonnerati and
Gymnocranius robertsi which were larger on the
selected sets and Echeneis naucrates which

was smaller. The average yields are a little:
higher on the surveyed sets (10.9 kg/100 hooks)
than on; all seﬁs (7.3 kg/100° hooks) because
ets, which have 1ower yields, could
! ‘due to poor v131b111ty. e

2-VISUAL csususss s T
2. I-Species composition s e

A total of~u2,species were seen along the 1ong—

lines (table 1). Only two common species,
Saurida undosquamis and Nemipterus peroni

were: not; recorded  during these dives. Both of ...

these species are mainly found nearshore. in
turbid waters. Most families are well repre- =
sented in the visual censuses except sharks
and trevallies. Identification of most spe-
cies was accurate, only the Gymnocranius spp.
and murray eels could not be identified at
the species level. Only two of the species
caught' on the surveyed lines were not observed
during the visual censuses.

2.2-8ize :

The size of the fish underwater was estimated
by eye. The divers performing the counts are
well trained in this excercise and the error
can be assumed to be of 10~20 % depending on
fish size and species (ANON., 1985; Harmelin-
Vivien et al., 1985). Average weights were
computed from lengthweight relationships.

The estimated size of fish observed by visual
census was usually inferior to the fish size
in the catch (table 1). This is due to the
selectivity of the gear, the hooks being
rather large. One should also take into account
that the size of large fish tend to be under-
estimated by visual censuses (Harmelin-Vivien
et al., 1985).

2.3-Distance to the line :

Most underwater censuses using transects do not
take into account the distance of the fish to
the transect line (Thresher & Gunn, 1986). It

i{s usually assumed that all fish within a given
distance to the line (usually 5m) are detected
(Harmelin-Vivien et al., 1985). If fish were
distributed at random and not affected by either
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Table 1. Species composition of catch and visual
survey. nb: numbers w: weight (kg) *: species
caught on 10 sets or more.

allisets surveyed sats transets_
soectes T m oy ¥ | o v
SERAANIDS S T et Tet e
(ceohalopholis -lnnms P ) 919 - i 400
somerats + - o] “38 7[00 3]s 18 1800
: vrodelus_, s 35 - - - -
boenack 8 | e 2’ 75 H 150
- * splloperca’s - 1 80 1 %0 - -
eplnephelus serolatus |, st 72, 4% 6 . 520 , %0 450
~eyltedricus’ < [0 &7 70080 ‘ - 4 10000
L fesclats ..c . 3 . 270 2 250 46 39
texagonatus [} “150 - - 5 100
2T cymopomus T ol st 2780 s %20 33 2100
macuiatus b 1070 % 1neo 95 600
werra 2 w |t 70 2 8
o * microgon *l 2 1670 2 1625 1 o
rlvuiatus L4 330 18 420 18 30
‘Suesana 3. ] a0 - - - -
nowlandl. 7 70 - - - -
i satabaricus s 4830 - - - -
plectopomus . .Jeopardus &, 2 260 | 2, 900 28 1500
variola louty - 15 2780 2 250 13 2000
poganoperca  punctats SRR P BRI - B R - - -
LUTJARIOS
lutjanus adettl ramuee ¥ 3. . .80 4 780 25 900
bohar G4 28 N0 45T 4 | 443270 - - 2 3000
lulvma-a 2 250 - - - ~
“ 4 : s 1 a2 - - - -
1 100 1 100 5] 150
3 £370 - - - -
~ - vitts P - 400 ) - - 5 600
"'sysonrus nesatopnorus ¢ 0 * |13 ) T%0 |- 2 5550 [ 6700
‘ wrlonvlre:wu,,, 3 VR B L) 6420 - - . 33 3000
LLETRINIGS 4 o - X
lemrlms cnrysosmms E 200 2 400
= L [ B -
- Ltr.s 770 1 900
‘-m)ams feafosus e | 256 260’ w 1800
rubrioperculatus *]. % ¢ §20 3 8 750
nesathacantius sl 80 35 S
oyanacrenius robertst N 339 1680 23 900
- ..« jeconlcus S MR toaa i 128 1000
ST e e ethrinotdes S W T 28 1380 ¢
HENLPTERIDS 114 l., i, .
neaipterus onl . n . 0
HAERULIDS Sl
dlsgriaeed ‘Dlctus - 5t RELE W ~) 7 3130 V10 1700
LABRIOS vscned 'y £y “ " g .
todtaous perditio " v w8 1820 81 1500
.. Lloxozomus oy -« 700 5 500
chellllu! mlmvrus . 3 450 6 300
2705 unaalates’s . 5 - 1 10000
SINGOORTIDS . 1%:  &° " i
saurlde lmosm-ls ) 150 - - -
TREVALLIES
carenx 50, 1 100 - - 3 500
celetus | | 2 225 - - - -
caranaldes chrysophrys * 7 270 - - - -
= gysostellus 1 2200 - - - -
orthogrammus » 590 - - - -
esburyt 1 7700 - - 2 5000
. fuivoguttatus 2 2430 - - - -
gnathanodon speclosus 3 170 - - - -
seriola aureovittata 2 1450 - - - -
slvoliana 2 500 - - - -
decapterus russell 2 0 - - - -
KULLIDS
parupeneus pleurosplios 1 230 -
TRIGGEF{SH .
boalistes fraenatus . 17 700 3 870 41 S
fuscus . 14 2740 3 3670 15 2500
stellatus . 19 1840 1 1500 3 1400
NURRAY EELS
gymnothorax so, 15 150 1 190 6 500
Javanlcus 1 500 - - - -
xsAthostosa 1 800 - - - -
flovisarginatus 1 300 - - - -
TETRODOKTSDAE
gastrophysus sceleratus . k23 2850 1 5000 1 1800
dlodon histrix u 870 - - K 600
ECUENELDS i
echenels naucrates *] wo 950 7 no 5 400
RAYS
dashyatls kuhlil 2 2050 - - & 1500
SHARKS
sphyraa lexint 2 1240 - - - -
carcharlius nejanopterus 5 2140 - - - -
seblyrhynches 7 3460 1 3000 - -
plusbeus 1 15000 - - - -
1imbatus 1 3300 - - - -
albimarginatus 5 4030 ~ - - -
trianodon obests ] 10000 -~ - - -
galeocerdo cuviert 1 1820 ~ - - -
stegostoma varium 1 - - - -
total number of specles H: 35 42




line or divers one would expect a distribution
pattern as indicates figure 3 (Burnham et al.,
1980). Our data (figure 3) suggest that one can
not assume such a random distribution. There is
at first a "heaping" phenomenum which is fairly
common to transect data (Burnham et al., 1980),
certain distances being preferentially recorded.
Grouping the data smooths such bias. Most fish
tend to avoid either the line or the divers as
indicates the depressed distribution at dis-
tance 0. This phenomenum varies with species
and with size. Thus, small fish are seen at
closer distances and large fish tend to be more
shy and stay further away from the divers.
Figure U indicates a number of different types
of distance distributions. These illustrate the
bias that would be introduced by using fixed
width transect counts.

2.4-Density estimates :

Knowing the distance distribution of species i
to the line, it is possible, using FOURRIER
series (Burnham et al., 1978), to calculate
f(8)i, which is the estimate of the probability
density function at distance zero. This estimate
is needed for the calculation of the density Pi
of species i along the longline, using the
fbllowing equation :

Di = ni® £(8)i/2L (&))

where ni : number of fish of species i seen
along the line
L : length of the line

The £(38) estimates were calculated from the
pooled data of all 45 surveys. When there was
insufficient data for a given species, the f(3)
estimate of its family or the overall f£(3)
estimate was attributed. These estimates are
indicated on table 2.
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Figure 3. Theoretical and observed distribution
of the distancecof the f£ish to the.lomgline.
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Figure 4. Observed distance distribution for
Serranids, Lethrinids, Diagramma pictum and
Bodianus perditio.

The total density along a longline is given by
the summ of the Di :
~ K a
D =.21Di (2)

i=
where k : number of species seen along the line.
Knowing the variance of f(8) it is possible to
calcglate the variance of Di. The total variance
for D was estimatgd as the weighted summ of the
variances of the Di :

A
var (D) = ( E ni'var(Di))/(Z?i) (3)
=
Thisﬁestimate is biased because the variances of
the Di are not independent. Tgis will result in
a conservative value of var (D).

The biomass density estimate for species i along
a longline is calculated from :

Bi=Pi®di )
where Wi : average weight of species i along the
line.

Table 2. Probability density function estimates
at distance O for species observed along longline
sets.

species £ (o) var (f 00
x 10
ALL SERRANIDS 0.1403 0.6043
cephalopholls spp. 0.1284 0.8121
epinephelus aerolatus 0.2840 1.756
fasclatus 0.1678 0.1594
maculatus 0.1944 0.2551
plectropomus leopardus 0.1483 0.4315
ALL LUTJANIDS 0.1740 1.451
LETHRINUS SPP, 0.2935 3.898
GYMNOCRANIUS SPP, 0.3663 2.855
DIAGRAMMA PICTUN 0.1403 a.10%1
ALL LABRIDS 0.2551 0.9146
ALL TRIGGERFISH 0.1781 0.6043
ALL OTHER FISH 0.2249 0.1727




The value of Wi is evaluated from the visual
length estimate, The variance of Bi was estimated
from :

var(Bi) = §i1 * var(Di) (5)
and for 8 we have :

var(8) = (ini ® var(Bl))/(Zni)
i=1 i=1
2.5—Correlation between density estimates and
CPUE

8
-

6L

Lo 4
(Density+l) |

n =45
0.881 (1) 1
0.844(?) 1

Figure S. Relatxonship between densiby estlmates
and CPUE in numbers.

(1) "z normal regression {(2)i:: ‘regression through
orlgln.llne A&B lnd“cate «the- 95 % confldencel

1ntervals ‘on (1)

Denslty estimates and CPUE by numberS'were best
correlated after a log—log transfbrmatlon (figu-
re 5). From prevzous work - (Kulbick1 et al., 1987)
it was demonstrated that depth ‘and” distance to
the coast were the most important factors- affec~
ting CPUE. These variabIes Were-added to the-
previous model, but their ‘contribution being of
respectively 3 % and:1:% of .the Tit, they were
not kept. In order to makéfbredictions on den-
sities from catch data-it was necessary to have
a model that went through the origin.

The intercept not being significantly different
from 0 (o= 0.05) (figure 5) such a model was
conceivable (equation 6) :

Log(B + 1) = A ® Log(CPUE + 1) (6)

This regression through the origin resulted in
a drop in the correlation coefficient from r =
0.881 to r = 0.844, From this relationship it
was possible to estimate densities from the
CPUE data for each 363 sets. The resulting
densities were contoured on a map (figure 6a).
In order to have a confidence interval on
these den31ty estimates two other values of D
were used

Bmin = B - t(a= 0.05,n - 2) ¢ sD
Dmax =D + t{ o= 0.05,n = 2) ® sb

where 33 : standard error of D n
n : number of species used to calculate D.

This allowed to calculate a minimum and a
maximum regression between density and CPUE

by numbers (Table 2). These relationships
permitted the contouring of minimum and maxizum
density maps (figure 6b & 6c). These results are
more conservative than if one had used the mini-
mum and maximum values of & (equation 6) :

Amin = A - t{ = 0.05, n - 2) ® sA
fmax = A - t( = 0;05, n - 2) * sA

-308 -

AVERAGE DENSITY

LATITUDE

22004 fish/ha
0.0
030
- {[[i0 3s0.e0 T
MM 60100 - ‘- & & %
Elwouse x L, il
ES 1so_250 .~

T - = T
- 168.00 - wed0 v - v BT ete0

22.00

LATITUDE

fish /ha 2

- Ej oo v v
w3
[T} =0.60, .
[T 60- 00 " R

Jd BEJwo.so. i e

L | S so.250

Y

22.00+

tish /e SUMBEA
23,00 o.10 rass
10.30
{IID z0-e0
(I eo0- oo
B3 wo.150
E=S150-2%
{EES 2s0_%00

LATITUDE

— — N
188,00 188.30 w60
LONGITUDE

Figures 6 a, b, c. Maps indicating the density of
catchable bottom longline fish in the SW lagoon
of New Caledonia.

2.6-Correlations between biomass density
estimates and CPUE

Biomass density estimates and CPUE by weight
were best correlated after a log~log transforma-
tion. Figure 7 and table 2 indicate a high
correlation between these two variables. Using
these relationships it was possible to draw the
maps illustrated by figures 8a, 8b and 8c. An
evaluation of the standing stock (table 3) was
then calculted as follow from figure 12a :

S=3xBi®ai




:“j > ~
i
‘ h ~
! where Bi : mean value of the biomass density for
the strata i . - AVERAGE BIOMASS DENSITY
ai : surface of strata i (km2) X )
Similar calculations from figures 8b and 8c
resulted in a minimum and maximum value of the
: standing stock (table 3). These values are only
' indicative, since we have sofar no method to
. estimate the type I error (o) level for S, but
B they are likely to be conservative.
8
6
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Figure 7. Relationship between biomass, density ‘“".é,
estimates and CPUE by weight (1) normal . 2.
regression (2) regression_ through .the origin - .. 5
lines A & B indicate the 95.% confidence . . e 0.0+
interval for (1). .7 770, ° e . EF wis.
DISCUSSION {IT €9-100
. |==HLLINE
To our knowledge this is the first work corre- .| E=5 1s0-250
lating catch data from bottom longlines to ' o T
visual census data in tropical waters. One of T oo Weso ] i 187,00
the advantages:'bf the presem; method is that R LONGITUOE . 4
censusing and fishing were conducted at the
same time and the same place, which was not
the case with two other similar surveys
(Ralston et al., 1986; Richards & Schnute,
: 1986). Preliminary analysis of our catch data
) (Kulbicki et al., 1987) indicates that there
Y is little variation in CPUE with time of day. MAXIMUM BIOMASS DENSITY
Table 3. Relationships between average, minimum 22,00
and maximum estimates of density or biomass and
CPUE ir numbers or weight. ,-v,,{“ &%
PASS
1st varisbie (Y) 2nd varioblie (X} equation R a b r
density c.p.u.e [0 nusbers |LogY =stogk +b | 45 | 0,88 154 | 0.888 'g'
density c.p.u.e $n wmders | LogY = logk 45 1.94 - 0.844 §u.no- Eo.10
rinimux density c.p.u.e In humbers {logY = plogX 45 1,75 - 0,867 [ 10-30
raximoa denslty c.p.u.¢ 10 noebers [LogY = alogX 45 | 207 - 0.755 [T 30.s0
bionass denslty come lnwnelont |LooY =eiogx +b | s | sou | 137 | o (I so. 100
E= 100.150
bloaass density c.p.u.e In wetght  [LogY = slogX LH 1,78 - 0.817 %lso_zso
i alnleun bloeass d. | c.o.u.e In welght  |LogY = atogX 45 1.6 - 0.851 50. 300
i maxleum bioaass d, c.p.u.e In welght  [Log¥ = atogX 45 1.8% - 0,745 2.
ll'&W Illl.SO 61,00
LONGITUDE
Our bottom longline is characterized by the
large number of species caught. Each species has
a particular behaviour towards the line and the
divers. Richards and Schnute (1986) have pre-
sented a number of possible relationships between Figure 8 a, b, c. Maps indicating the biomass
CPUE from handlining and visual census depending density distribution of catchable bottom long-
on species and densities. Most often the number line fish in the SW lagoon.
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Table #, Data used to estimate standing stocks
from biomass density maps.

blomsss censity {t/xa?)

blosass 320 01 13 36 ] 610 3 1045 | 1525 | 2se | WK
slntma area tor) 102 a7 621 a5 107 7 - 3180
ons s wms | | s e 1o - 1200

average  area 785 751 556 bl 287 240 - sy
tans 383 w2 | 20 | e 88 | w00 - 17750

waximm  orea 6% &s | ows az o | s | e 3150
tons 364 m | ne | an e | nx | meo | Zw

of fish counted for a single species along a line
was tco small to warrant the calculation of its
density. This problem is frequently encountered
when studying carnivorous _fish in tropical waters
using visual censuses. By pooling all species one
smoothes out some largexgg rspecific differences.
As an illustration figures.9a and 9b indicate
the CPUE - Density relationship for two impor-
tant species : Lethrinus neébulosus and Bodianus
perditio. There is no pattern for the first
species, whereas there is nearly a linear rela-
tionship for the second. Lethrinus nebulosus

is a rather shy speciés;“difficult to see and
often found in schools. :

DENSITY (NB/Ha) -

164 [ J ' ® LETHRINUS NEBULOSUS
124 '
® B
84
» [ J [ ]
2]

P . ®

27 polnts }
?ZI_EA_A—A&L—_——f—ﬂ—CPUE (NB/100 HOOKS)
1 2 - 3 L - 5 6

DENSITY (NB/Ha}
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48
°
364 ® ®
® °
)
24 o e °
” s

25 ;!h\\s)
’E 1 2 3 } 5 6 - 7

7 8
CPUE (NB/100 HOOKS )

Figure 9a, b. Relationship between estimated
density and CPUE in numbers for Lethrinus
nebulosus and Bodianus perditio.
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Figure 10. Relationship bétween estimated density

and. CPUE.by numbers:for 7. families or genera.
‘ RN

Bodianus‘perditidwié éonébicuons, normally not a

shy fish except in heavily‘fishedvareas and
usually found solitary or in small groups.

Figure 10 indicates the relationship between the
density” estimatéd”from’ vistal: census and CPUE
for the majd?*f?mili%sf“Thhs, at similar ‘densities,
Wrasses ‘are more 'villherable to thé longline than”
Haemulidae’ o 'Lutjanidaé.. Lethrinus" spp. ‘stand’’
aside, being either very sensitive to this gear
or largelygunderestimateg‘py visual censuses.
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Figure 11. Main bottom type in the S“ lagoon of

New Caledonia.
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Figure 12, Bathymetrical map of the SW lagoon
of New Caledonia

The density and biomass density maps (figures
6 and 8) show that the lowest concentrations
of fish are near the coast and the largest
concentrations near the barrier reef and in
the eastern part of the lagoon. This distri-
bution can be correlated to a‘grgat extent
to the sedimentological and bathymetrical
maps of our lagoon (figures 11 and 12), the
highest concentrations being found in the
deeper parts where the sand is the coarsest.

In order to have a first approximation of the
relative importance of the total biomass
(17700 tons, table 3) of large carnivores in
our soft bottom fish fauna, the data from 59
soft bottom total fish counts were analyzed.
These fish counts are 100m visual transects
during which all major species are taken

into account. By major species one under-
stands fish over 10 cm or relatively abundant
(i.e. Apogonids, Anthias and Pomacentrids).

A total of 263 species were recorded of which
only 40 were catchable by longline. These
latter species accounted for 48 % of the
estimated biomass. Therefore, one can esti-
mate that the total soft bottom fish biomass
in the SW lagoon is approximatively 35 000
tons. Knowing that this lagoon covers 3200km2
this implies an average of 11 tons/km2. This
is much lower than reported standing stocks
on coral reefs (38 - 209 tons/km2 according
to Stevenson & Marshall (1974), Alcala (1981)
cites several authors reporting levels of

120 to 195 tons/km2).

The present estimate is higher than densities
from tropical trawl surveys in the region
(table 5). This is certainly due to the fact
that in the present case habitat is more
diverse, including some coralline formations.
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Table 5. Biomass density estimates from several
trawl fisheries in the region.

zones ﬁgﬁéﬁfg authors
84 AUSTRALIAN SHELF 2,1-31" Salnsbury (1987}
SAMAR SEA (PHILIPPINES) 2.3% - Villoso & Hermosa (1982)
SOUTH CHIMA SEA  © | . 1.0-5.0 7 | hoyam (1973)
BENGLADESH .l 29-7.9; Lamboeuf. (1987) -

;» Exploitable fish’

Thé contribution of the Soft bottom Fish biomass
to the total, fish biomass of. the SW lagoon is

»1ikely-to: be very- large. Coral reefs cover less

than 200 km2'in, that zone. Therefbre, even if
these reef8vsupporbed 200 tonslkmz they would

_have’a: standing stock of, 40, '000. tons-which is
of ‘the same magnitude than the soft bottoms.

This indicates that in future research, more
attention should be devoted-to non trawlable
soft bottom fish in troplcal fisheries.
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