


Analysis of Catch and Effort Data for the Solomon Islands
Baitfishery

by N.J.F. Rawlinson* and P.V. Nichols**

Abstract

A baitfishing logbook recording system was introduced by Solomon Islands Government
in order to obtain detailed catch and effort data from the commercial pole-and-line fleet. An
analysis of these data is presented: the bait-catch rose steadily to a record level of 2 498 t in
1988. Average catch per unit effort (approximately 50 buckets per haul) for the whole bait-
fishery has shown no real decline over the years, although intra- and inter-year fluctuations
take place. The catch and effort data for two of the most important bait-fished areas are
compared. Total catches are broken down by species in an attempt to assess the impact of
baitfishing effort on the dominant species in the bait catch.

POLE-AND-LINE fishing is the mainstay of the tuna
industry in Solomon Islands. In 1988 marine
products, primarily tuna and tuna products,
accounted for just under 50% of total foreign
exchange earnings. The industry clearly plays a
major role in the economy of Solomon Islands
(Nichols and Rawlinson, these Proceedings).

A pre-requisite for successful pole-and-line fish-
ing for skipjack tuna (Katsuwonus pelamis) is a
regular and adequate supply of suitable baitfish.
Baitfish are small pelagic species which are
thrown live into the sea from pole-and-line fishing
vessels in an attempt to attract (or ‘chum’) the
tuna to the boat and excite them into a feeding
frenzy so that the fish can be poled onboard.
Solomon Islands possesses large quantities of
suitable baitfish species. The two most important
species which compose approximately 80% of the
commercial baitfish catches in Solomon Islands,
are the Engraulid anchovies Stolephorus hetero-
lobus and Stolephorus devisi (Evans and Nichols,
1984; Rawlinson, these Proceedings).

Baitfishing in Solomon Islands is carried out at
night in shallow lagoonal areas using the ‘bouke-
ami’ technique. Details of the fishing method and
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the fishing areas within Solomon Islands are out-
lined byEvans and Nichols, 1984 and Nichols and
Rawlinson, these Proceedings.

The quantity of baitfish taken by a pole-and-
line vessel is dependent upon the carrying ca-
pacity of the live bait-tanks or baitwells. The aver-
age maximum permissible stocking density of a
baitwell, to avoid mortalities from overcrowding,
for the vessels that operate in Solomon Islands is
between 40-60 buckets—a bucket holds 2.2 kg of
baitfish (Nichols and Rawlinson, these Proceed-
ings). The number of baitwells a vessel has is
dependent on its size. Captains of vessels try to
maximise the number of buckets of bait that are
loaded into the baitwells and will make as many
hauls of the bait net as time allows to achieve this.
Depending on the size of the pole-and-line boat
each vessel strives to catch between 120 and 300
buckets of baitfish every night before going fishing
the following day. During the 1989 season there
were 33 pole-and-line vessels (see Nichols and
Rawlinson, these Proceedings) operating in Solo-
mon Islands for the ten month season, attempting
to catch this amount of bait each night.

Monitoring of the amount of bait caught by
pole-and-line boats was initiated in 1971 when the
industry first started in Solomon Islands. How-
ever these records were not accurate and made no
account of the effort required to catch the bait
other than the nights fished. This data was con-
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sidered insufficient and in 1981 a new baitfish
logbook recording system was introduced into the
industry by the Fisheries Division. Every vessel,
by law, had to complete a logsheet for every
night’s baitfishing activities, recording the bait-
ground where fishing took place and the number
of buckets of bait caught in each haul of the bait
net (Evans and Nichols 1984; and Nichols and
Rawlinson, these Proceedings).

This paper discusses the compilation of these
catch and effort data from the commercial pole-
and-line vessels since 1981 and its analysis. Data
are considered for the whole of Solomon Islands
and also on an individual location basis for two
heavily baitfished areas.

Catch data recorded in buckets makes no
account of the species composition of the catch.
An attempt is made in this paper to link species
composition and catch and effort data for the two
major species in the Solomon Islands baitfishery,
Stolephorus heterolobus and S. devisi.

Sample Sites

There are 87 registered baitgrounds within Sol-
omon Islands of which 9 are in Central Isles
Province, 1 in Guadalcanal Province, 46 in
Western Province, 10 in Malaita Province, 1 in
Makira Province and 20 in Ysabel Province. Pole-
and-line vessels have operated at most of these
sites and the catch data from every site was com-
bined to analyse the overall state of the Solomon
Islands baitfishery.

The two heavily fished sites discussed in this
paper are Munda in the Western Province and
Tulagi in Central Isles Province. Both these bait-
fishing areas are in close proximity to one of the
main fishing bases in Solomon Islands. Munda is
close to the Noro base and Tulagi to the base
which is situated at Tulagi. Due to their proximity
to the bases these baitgrounds have experienced
disproportionately high fishing effort as vessels
invariably use these baitgrounds after unloading
their catch.

A physical description of the two sites is given
by Leqata et al., these Proceedings. Essentially
however, Munda is a shallow (<25 m) lagoonal
area and the Tulagi baitfishing ground is a deep
passage between two islands and experiences
more oceanic influence.

Methods and Materials

Completed catch logsheets are returned to Fish-
eries Division on a monthly basis from the com-
mercial companies operating in Solomon Islands.
Logsheets are then checked and transcribed on to
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a single piece of paper for each month’s baitfish-
ing operations. This is to keep a check on the
accuracy of records as logbook recorders onboard
vessels will change during the season and new
people often fill in the sheets incorrectly.

One recurring problem was that recorders con-
fused the word ‘haul’ with the word ‘pool’, the
local name given to a baitwell. This meant that
recorders would fill in the number of buckets of
bait placed in each baitwell as opposed to the
number of buckets of bait caught in a particular
haul of the net, thereby giving an erroneous record
of effort. This situation was remedied by changing
the word ‘haul’ to the word ‘net’ so recorders were
asked to fill in buckets per net totals. This reduced
the confusion greatly. The completion of logsheets
and the recording procedures are described more
fully by Evans and Nichols, 1984, and Nichols
and Rawlinson, these Proceedings.

Monthly records were then entered onto com-
puter data files. The original systems were written
in Basic language and run on Hewlett Packard
HP85 and HP87 microcomputers. With an up-
grade in computer hardware at Fisheries Div-
ision, the baitfish catch and effort entry and
analysis system was re-written on a DBasell
software package to run on a Hewlett Packard
HP150 microcomputer (Rawlinson, 1987).

Both systems allowed the analysis of the data on
a monthly and yearly basis. Catch (buckets), effort
(hauls) and nights fished for each individual bait-
ground within Solomon Islands were extracted
from the data files.

Results and Discussion

Overall situation in Solomon Islands

The Solomon Islands baitfishery has grown stead-
ily since 1971 to reach record catch levels in 1988
of 1 135 289 buckets or 2 498 t of baitfish (Table
1). The majority of the baitfishing effort expended
in Solomon Islands takes place in the Western
Province with the Central Isles and Ysabel Prov-
inces being of secondary importance (Table 1).
Catch per unit effort or the number of buckets of
bait taken in one haul of the net between 1981 and
1988 for the whole Solomon Islands baitfishery
varied from 44 buckets per haul at its lowest to 58
buckets per haul at its highest (Table 2).

The relationship between catch and effort
during this period was linear (Nichols and Raw-
linson, these Proceedings.), Figure 1. Dalzell and
Lewis (1988) noted that there was little evidence
of curvature in scatters of catch versus effort in the
Papua New Guinea and Fiji baitfisheries as well
as Solomon Islands, and that a similar ‘linear’
catch-fishing effort relationship was found for
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Table 1. Baitfish catch and effort by province, 1974-1988.
Central Prov. Western Prov. Malaita Prov.  Makira Prov. Isabel Prov. G/canal Prov. Non-Baitgrounds : Total:
Buckets Hauls Buckets Hauls Buckets Hauls Buckets Hauls Buckets Hauls Buckets Hauls Buckets Hauls ° Buckets Hauls

1974 70 841 NI 0 NI 436 NI 0 NI 72793 NI 0 NI 0 NI 144070 NI
1975 48332 NI 71333 NI 436 NI 0 NI 124097 NI 0 NI 0 NI 244198 NI
1976 40280 NI 199602 NI 0 NI 0 NI 73689 NI 0 NI 0 NI 313571 NI
1977 30073 NI 248 933 NI 567 NI 0 NI 141320 NI 0 NI 0 NI 420892 NI
1978 16 164 NI 343899 NI 2274 NI 0 NI 84 528 NI 0 NI 0 NI 446 865 NI
1979 114257 NI 292221 NI 0 NI 0 NI 161518 NI 0 NI 0 NI 567996 NI
1980 77775 NI 376 208 NI 14410 NI 0 NI 140562 NI 0 NI 0 NI : 608956 NI
1981 47363 1000 385638 6355 2405 62 0 0 175639 3152 0 0 0 0 : 611045 10569
1982 141640 2632 410902 9109 6883 203 0 0 112773 2552 0 0 0 0 : 672198 14496
1983 264939 5085 548537 11104 9319 123 0 0 72784 1208 52 3 149 4 : 895780 17527
1984 93358 2642 563479 11696 5161 180 241 6 145966 3498 68 6 5297 139 : 813570 18167
1985 166001 3673 690730 13616 16263 318 0 1 129199 2176 4848 86 8 496 154 : 1015537 20024
1986 86597 2302 716825 13120 4001 157 0 0 256490 6031 1189 43 10161 225 : 1075263 21878
1987 82449 3173 769626 15964 8334 199 2 1 63982 1394 9214 434 22726 506 @ 956333 21671
1988 129745 3588 899300 15445 1937 45 0 0 98550 2085 4914 159 843 29 11135289 21351

Total 1409815 24095 6517233 96409 72425 1287 243 8 1853890 22096 20285 731 47672 1057 9921563 145685

% Total 14.21 16.54 65.69 66.18 0.73 0.88 0.002 0.005 18.69 15.17 0.20 0.50 0.48 0.73 100.00 100.00

Note: One bucket of bait = approx. 2.2 kgs wet weight of baitfish.

NI = No Information.



Table 2. Baitfish catch per unit effort (CPUE) by province 1981-1988.

Central Western Malaita Makira Isabel G/canal Other Total
1981 47.36 60.68 38.79 — 55.72 — — 57.81
1982 53.81 45.11 33.91 — 44.19 — — 46.37
1983 52.10 49.40 75.76 — 60.25 17.33 37.25 51.11
1984 35.34 48.18 28.67 40.17 41.73 11.33 38.11 44.78
1985 45.19 50.73 51.14 — 59.37 56.37 55.17 50.72
1986 37.62 54.64 25.48 — 42.53 27.65 45.16 49.15
1987 25.98 48.21 41.88 2.00 45.90 21.23 4491 44.13
1988 36.16 58.23 43.04 — 47.27 30.91 29.07 53.17

Note: CPUE = Catch Per Unit Effort = Number of Buckets of Bait Caught Per Haul.
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Figure 1. Solomon Islands Baitfishery 1981-1988.

small pelagic fisheries which catch mainly stol-
ephorid anchovies in parts of the Philippines
(SCSP 1976, 1977, 1978). Dalzell and Lewis
(1988) state that the lack of pronounced curvature
in the catch-effort relationship may be due to the
dynamics of the pole-and-line fishery, as baitfish
are essential to the capture of tuna and that fisher-
men will quickly leave a baitground when catches
decline and will try other locations for bait
supply.

This is the case in Solomon Islands with 87
alternative baitgrounds to choose from. The sel-
ection of baiting locations by the fishermen is a
trade-off between being in close proximity to the
tuna fishing grounds and the expected catch rates
from a baitground at that particular time. For this
reason the baitfishery in Solomon Islands is self-
regulatory. When catch rates in a particular bait-
ground decrease the fishermen move to new bait-
ing locations. This movement gives the baitfish at
the first site time to undergo a recovery period due
to the reduced fishing effort. Therefore at present
levels of fishing effort the catches of baitfish will
be sustainable in large enough quantities to allow
the pole-and-line fleet to operate efficiently.

There are however, certain individual bait-
grounds within each Province which are more
heavily fished than others. The baitgrounds of
Tulagi in Central Isles Province and Munda in the
Western Province are two examples, Figure 1.
Other Provinces do have sites which are favoured

Catch (buckets)
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by fishermen but these are not as important as
Munda and Tulagi. Since 1987 there has been a
gradual decline in the use of these two baitfishing
grounds due to declining catch rates in the case of
Tulagi and the opening of alternative baitgrounds
close to the Noro base which has taken fishing
pressure away from Munda. A large percentage of
the baitfishing effort during 1988 took place at
baitgrounds in the Marovo Lagoon in the Western
Province (SIG, unpublished data).

The two sites of Munda and Tulagi therefore
need to be monitored more closely. If a collapse of
the baitfish stocks occurred at either of these sites
it would have adverse economic effects on the
operations of the pole-and-line vessels. The situ-
ation in Munda has been improved by opening a
new baitground at Rarumana in the Vona Vona
Lagoon, which is also close to the Noro base.
However, there are no alternative sites in close
proximity to Tulagi.

The catch and effort data for the two sites are
analysed in more detail in the next section.

Munda

Figure 2 is a plot of catch of baitfish against effort
at Munda for the 1981-1989 fishing seasons (data
for 1989 are up until the end of September). The
major reason for the decline in effort during the
1988 and 1989 seasons is because a new baitfish-
ing ground in close proximity to the Noro fishing
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Figure 2. Munda Catch and Effort Data 1981-1989.
Catch v. Effort.



base was opened. The relationship between the
catch and effort is linear. The gradient of the line
of catch regressed against effort is a measure of the
average catch per unit effort over the time period
from 1981 to 1989. The value is 36.67 buckets of
baitfish per haul, or 80.7 kilograms per haul.

The plot of catch per unit effort, as buckets of
bait per haul, against effort in hauls is presented in
Figure 3. The catch per unit effort totals for all
seasons are very similar though there is a trend of
decreasing catch per unit effort with higher fishing
effort.

Schaefer (1954) developed a model which in its
simplest form is a linear relationship between
catch per effort and effort and is of the form:

C/f=a—bf

where C=Catch, f=Effort and ‘a’ and ‘b’ are con-
stants.

From Figure 3, the data for Munda have been
regressed to give the equation:

C/f=49.8—0.00235f Equation 2

From Equation 1, Maximum Sustainable Yield
(MSY) and Optimum Fishing Effort, f opt can be
directly calculated:

MSY =a?/4b

Equation 1

Equation 3
and
f opt=a/2b
Using ‘a’ and ‘b’ from Equation 2 this gives:
MSY =263 834 buckets of bait per year
and

Equation 4

f opt=10 596 hauls per year

Equation 1 can also be transformed into a para-
bolic function by multiplying both sides of the
equation by the fishing effort to give:

C=af—bf?
Using ‘a’ and ‘b’ from Equation 2 this line has

been plotted in Figure 4, along with the actual
data points of annual catch and effort for the years

Equation 5
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Figure 3. Munda Catch and Effort Data 1981-1989.
Catch per Unit Effort v. Effort.
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Figure 4. Munda Catch and Effort Data 1981-1989.
Catch v. Effort, with Theoretical Yield Curve.

1981-1989. The line is the theoretical yield curve
for the baitfishery at Munda. The 1983 data point
which stands above the line may be due to the
fishing that took place in January and February of
that year; this did not happen during other years.
The catch rates at this time of year are generally
high due to the seasonality in production of the
fishery. The optimum fishing effort has not yet
been reached and effort has remained on the left
ascending arm of the curve (Figure 4).

Figure 5 shows plots of catch and catch per unit
effort against time. The gaps between years where
no catch has been made are because there is a
closed season for pole-and-line fishing. The closed
season is not a management measure but is due to
the fishing crews’ holidays. The closure of the fish-
ing season usually takes place between December
and February of each year but in recent seasons
this period of time has become shorter.

The plots in Figure 5 show some interesting
trends:

— lower catch per unit effort (CPUE) occurs at
the same time as lower catches;

— lower CPUEs usually occur during the middle
of the year;

— CPUEs are generally higher after the closed
season to fishing;

— CPUEs are generally higher in a year that has
followed a year of low catches.
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Figure 6. Munda Catch and Effort Data 1981-1989.
Mean Catch per Unit Effort per Month v. Month.

The first finding is consistent with the fact that
if catch rates in a particular baitground decrease
then the fishing vessels move to new grounds,
thereby giving rise to less fishing effort and less
catch.

Lowest CPUEs occurring in the middle of the
year seems to show that the production of the bait-
fish is seasonal. Dalzell and Lewis (1988) state
that small pelagic fishes are likely to be strongly
influenced by environmental conditions and in
tropical zones the major influences are the mon-
soon winds which blow, according to season, from
north to south. Figure 6 is a plot of the mean catch
per unit effort recorded by month over the last
nine years against the month of the year. The plot
shows highs in March and December (excluding
January and February as only one year’s data has
been recorded for these months). The standard
error bars in these months are also the widest
which implies higher annual variability in the
catch per unit effort, perhaps caused by differ-
ences in levels of recruitment of new fish to the
baitfishery. Lowest rates of catch are recorded in
July.

The main spawning season and main recruit-
ment periods for the major baitfish species occur
in March/April and October to December of each
year (Tiroba et al., Milton et al., these Proceed-
ings). The spawning aggregations and/or pulses of
new recruits increase the abundance of baitfish at
this time of year giving rise to higher catch
rates.

The trends to higher CPUEs seem to show a
possible link between previous fishing effort and
catch per unit effort. For this reason an attempt
has been made to apply the following methods to
the data:

Gulland’s Method

Ricker (1975) pointed out that abundance of an
exploited year class at any time depends partly on
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the rates of fishing and hence levels of fishing
effort that have prevailed during the years it has
been in the fishery. Therefore a relationship
should exist between abundance and past effort,
and this will be better if recruitment and natural
mortality have been reasonably steady (Gulland,
1961).

The relationship between abundance and past
fishing effort can be either linear or curvilinear
(Ricker, 1975). Gulland (1961) stated that this
line will be very close to the true relationship
between catch per unit effort (abundance) and
effort in a steady state. This approach has been
applied to the baitfish data from Munda.

Annual Catch per Unit Effort v. Mean Monthly
Fishing Effort of the Previous Year

The annual mean catch per unit effort has been
plotted against the mean monthly fishing effort
for the previous year (this is the total fishing effort
for the year divided by 12 months). This plot is
shown in Figure 7.

The relationship is linear and so the following
argument applies:

Ye/fe=a—b fe
where Ye=Equilibrium yield, fe=Equilibrium
effort and ‘a’ and ‘b’ are constants. From this
MSY and f opt can be estimated from Equations 3
and 4.

From Figure 7, the relationship is described by:
Ye/fe=49.5—0.0269 fe  Equation 7

and using Equations 3 and 4,
MSY =22 784 buckets per month

Equation 6

and
f opt =920 hauls per month

Monthly Catch per Unit Effort v. Mean Fishing
Effort of Previous 12 Months

Monthly catch per unit effort figures were plotted
against the mean fishing effort of the previous 12
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Figure 7. Munda Catch and Effort Data 1981-1989.
Catch per unit Effort v. Mean Monthly Fishing Effort of
Previous Year.
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months (this figure was calculated by summing
the fishing effort of the 11 months directly prior to
the month being considered plus the fishing effort
for that month, and calculating the mean by div-
iding through by 12 months). The plot is shown in
Figure 8 and an exponential curve fitted to the
data points. The goodness of fit of the curve is not
high due to the seasonality effect of the seasonal
production of baitfish as described above. Year to
year variations in recruitment cause some months
to have abnormally high catch per unit effort.

The relationship is curvilinear and this is de-
scribed by the Gulland-Fox Exponential Model
(Ricker, 1975). The model states that considering
the biological processes involved, the relation
between catch in numbers per unit effort (C/f) and
mean(f) of earlier years would be expected to be
negative and concave upward. The existence of
appreciable natural morality will tend to make the
line less curved. However, if yield is in terms of
weight (Y) instead of numbers, the larger the
mean effort, mean(f), the smaller will be the aver-
age size of fish in the catch, which tends to make
the line of Y/mean(f) against mean(f) more
curved. The combination of this with the effect of
natural mortality can result in a line that agrees
closely with the simple relationship:

In (Y/f)=a+b(mean(f))

The steady-state statistics that provide maximum
yield for this Gulland-Fox exponential model are
summarised below:

Optimum fishing effort:

fs=1/b
Maximum Sustainable Yield:
MSY = (e~ Dy/b
and Catch per Unit Effort at MSY:
Us=el~D

With estimates of catchability (q) Maximum

Equation 8

Equation 9

Equation 10

Equation 11
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Figure 9. Munda Catch and Effort Data 1981-1989.
Natural Logarithm of Catch per Unit Effort v. Mean
Fishing Effort of 12 Months Past.

Stock Size can also be calculated. A good estimate
of g, however, is not available.

Figure 9 is a plot of the natural logarithm of
CPUE (Y/f) regressed against the mean effort for
the previous twelve months (fm), and the ex-
pression takes the form:

In (Y/£)=4.076—1.02X10(=3 fm
Equation 12

Using the equations 9 to 11, an estimation of
Maximum Sustainable Yield has been calculated
along with the other parameters listed, using par-
ameters ‘a’ and ‘b’ in equation 12. The results of
these calculations are:
Optimum Fishing Effort:
fs=980 hauls per month
Maximum Sustainable Yield:
MSY =21 247 buckets per month

and Catch per Unit Effort at MSY:

Us=21.7 buckets per haul
A reservation has to be made concerning these
results because any estimated magnitude of yield
will tend to be less than if a fit were made on a
non-logarithmic basis (Ricker, 1975). Therefore
the above numbers may be under-estimates of the
true figures.

The estimated MSY for Munda is 21 247
buckets of baitfish per month, or 46.7 tonnes per
month. Referring to Figure 4 this level of fishing
effort has been surpassed during many months
since 1981 but never has this effort been main-
tained for every month of a year. Overall these
high levels of fishing effort have not caused any
significant changes to the catch rates at Munda
although the levels of CPUE have gradually
declined from 1981 to 1987, until the year of very
low fishing effort in 1988. After 1988 the CPUE at
Munda increased significantly. However, if the
catch data are broken down on an annual basis the
levels of effort greater than MSY have had some
effects on the overall species composition of the
baitfishery.
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Figure 10. Munda Catch and Effort Data 1981-1988.
Catch by Species v. Effort.

Using available species composition infor-
mation (Rawlinson, these Proceedings) catch data
was produced on an annual basis for the two main
species in the baitfishery, Stolephorus heterolobus
and S. devisi, by multiplying the percentage com-
position of each species by the total annual catch.
Dalzell (1984) found no significant difference
between the mean annual percentage species com-
position by numbers and the mean annual per-
centage by weight composition.

The catch data by species was plotted against
the total effort for the year and this is presented in
Figure 10. The relationship between catch and
effort for S. heterolobus shows some linearity but
with a more random scatter than for all species
combined (Figure 2). The relationship for .S. devisi
however, shows more linearity but with slight
upward curvature at higher levels of fishing effort.
The pattern implies that with higher fishing effort
there is a change in species composition, with an
increase in the proportion of S. devisi and a
decrease of S. heterolobus. With sustained fishing
catches over the MSY the stocks of S. devisi would
presumably decrease, with either another species
taking its place or a complete collapse of the whole
fishery. This scenario is unlikely to happen
because with decreasing catch rates vessels move
to alternative baitfishing grounds. The opening of
new baitgrounds has reduced the fishing pressure
to the extent that it is well below optimum. It
should also be noted that data from field work
undertaken in October 1989 show that the species
composition of the commercial catches changed
from earlier in the year (when S. devisi was the
most dominant species in the bait catch) and S.
heterolobus was once again the most important
species in the catch (unpublished data). This was
following the reduction in effort during previous
months.

Dalzell (1984) reported similar species fluctu-
ations in the Papua New Guinea baitfishery. To
fully understand the mechanisms whereby one
species in the baitfishery becomes more numer-

ous because of the decline of another, a detailed
analysis of the biology of the individual species
concerned is required.

Tulagi

A plot of catch versus fishing effort at Tulagi for
1981 to 1989 fishing seasons (data for 1989 are
until the end of September) is shown in Figure 11.
The relationship is again linear. The average catch
per unit effort over this period was 42.9 buckets of
bait per haul but this varied from year to year.

Catch per unit effort against effort by year is
plotted in Figure 12. The scatter of points is very
random and it is not possible to fit a straight line
and apply the Schaefer model as with the Munda
data.

Figure 13 is a plot of catch and catch per unit
effort against time. The general trends that were
identified for Figure 5 for the Munda data also
apply to the situation in Tulagi.

The seasonality of production of the baitfish is
again well pronounced in Figure 13 as it was for
the Munda situation. A plot of the mean catch per
unit effort recorded by month over the last nine
years against month is made in Figure 14. The
same kind of seasonal effect was seen in the
Munda data. When the two lines of mean catch
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Figure 11. Tulagi Catch and Effort Data 1981-1989.
Catch v. Effort.

300 000
1983
L]
@
3 -
g 200000 1085
2 1982 .
£ . y=42.9 x
5 * r’=081
£ 100000- o 1984 1988 N=9
8 e
1981 1986 1987
L]
1989
[¢] T T T
0 2000 4000 6000
Effort (hauls)
Figure 12. Tulagi Catch and Effort Data 1981-1989.

Catch per Unit Effort v. Effort.

186



Catch — _CPUE
50000
_. 40000 o
2 -1 T
Q [
¥ 30000 m
s g
£ 20000 g
- ¥
3 E
© 10000 )

-0
19811982 1983 1984 1985 1986 1987 1988 1989

One bar signifies one month

Figure 13. Tulagi Catch and Effort Data 1981-1989.
Catch and Catch per Unit Effort v. Time.

100
s I One standard error bar
g 80 - Line connecting monthly
2 Mean CPUE’s
o0
5 60
x
s
2 40 +
5
8
T 20 4 9 8
5] ¢ 9 g 8
0 T L T T T T T T T T T
J FM A M J J A 8 O N D

Month of year
Number under error bars indicate the no. of years
data included for each month
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per unit effort for Munda and Tulagi are super-
imposed upon each other (Fig. 15), the seasonal
trend for both sites can be seen but the times of
peak production are at different times of the year.
The highest peak for Munda occurs in March
whereas in Tulagi it is in December. It must be
remembered that March is usually the time when
fishing restarts after the closed season. This per-
iod of low fishing effort is likely to be adding to the
effect of the high in catch per unit effort. The low
in production occurs in July and August.
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An attempt was made to apply the Gulland-Fox
Exponential model to the Tulagi data. The plot
of CPUE against mean fishing effort of the 12
months past (Figure 16) gave a completely ran-
dom scatter of points and no attempt was made to
fit a line to the data. As the model states, the
relationship between CPUE and mean fishing
effort will be better if natural mortality and
recruitment are fairly constant. It is considered
that natural mortality for the main baitfish
species remains relatively constant from year to
year (Tiroba et al., these Proceedings) which
would imply that variation in recruitment causes
the lack of any kind of relationship in the data.

Dalzell (1984) found a linear relationship be-
tween parental stock size and the magnitude of
recruitment for the baitfish species in Papua New
Guinea. He suggested that the fluctuations in bait-
fish stocks year to year can partly be explained by
the vulnerability of clupeoids to both adverse
environmental conditions and fishing pressure.

In order to understand the situation in Tulagi, a
much better understanding of recruitment into
the fishery is required. Fishing effort in Munda
explains a fair proportion of the fluctuations in
abundance of the baitfish stocks. Very little of the
changes in stock abundance can be explained by
fishing effort in Tulagi and a better understanding
of the environmental processes involved is
required to address the recruitment problem.

The significant difference between Munda and
Tulagi is the physical appearance of the two sites,
Munda being a shallow lagoonal area and Tulagi
being a deepwater passage between two islands
with a strong oceanic influence. Munda is at the
western end of the large Roviana Lagoon and is
the only area within the Lagoon where baitfishing
takes place (other parts of the lagoon are too
shallow to allow the safe passage of commercial
fishing vessels). To the western end of Munda is
the Vona Vona Lagoon which joins Roviana.
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Therefore the Munda baitground is adjacent to
areas of similar baitfish habitat and is likely to
have an influx of baitfish from them, as levels of
the stocks are being reduced by fishing effort.
Tulagi however, is adjacent to the open sea and
does not have the link with other large expanses of
baitfish habitat. The stocks of bait at Tulagi prob-
ably do not have the same influx of bait species as
may occur in Munda. Catches in Tulagi occasion-
ally include the arrival of schools of Stolephorus
punctifer, a more oceanic species (Dalzell, 1986)
which enhances the available supplies of bait.

As no estimate for MSY for Tulagi has been
possible using the approaches discussed in this
paper, the levels of MSY for Munda are used as a
guide. Catches exceeded the annual MSY calcu-
lated for Munda in 1983. There was immediately
a drop in catch per unit effort the following year
which forced fishing vessels to move elsewhere to
find bait. Effort in Ysabel Province increased
nearly three times from 1983 to 1984. The Tulagi
baitground makes up the whole of the Central
Provinces catch and effort (Table 1). In 1985 fish-
ing effort again increased with a higher catch per
unit effort from the previous year. Since then
catch per unit effort (and therefore abundance of
baitfish) has never reached the same levels and
hence there has been a reduction in fishing effort
as boats moved to alternative sites to capture bait-
fish.

Figure 17 shows the plot of catch by species
against effort for the two main species (S. hetero-
lobus and S. devisi). As with the Munda data, S.
devisi shows a linear relationship between catch
and effort whereas S. heterolobus seems to have
suffered under high fishing pressure. After the
high in fishing effort in 1983 there was a reversal
in importance by species in 1984 when S. devisi
was dominant. After the low fishing effort of
1984, S. heterolobus once again returned to domi-
nance until 1988, though proportions between the
two species were more equal. In 1988, S. devisi
became the dominant species in the catch even
though fishing effort was exceptionally high the
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Figure 17. Tulagi Catch and Effort Data 1982-1988.
Catch by Species v. Effort.
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previous year. An explanation for this is difficult
without further analysis of the data and knowl-
edge of reproductive activity and recruitment
over this period.

Conclusions

The baitfishery in Solomon Islands is self-regulat-
ory because of the nature of the pole-and-line
fishery, which requires adequate supplies of bait
to go fishing for tuna, but has a large number of
alternative baiting sites. As long as there is no sub-
stantial increase in fishing effort due to an
increase in size of the fishing fleet, adequate quan-
tities of baitfish will remain available for the pole-
and-line fleet to operate efficiently.

The analysis of catch and effort data on an
individual site basis is complicated by a number
of factors. Seasonality of production and vari-
ation in size of recruitment from year to year are
the most important. Due to the relationship
between parental stock size and recruitment, fish-
ing effort will have an important effect on future
recruitment to the fishery.

The difference in the physical nature of baiting
locations may also have a pronounced effect on
the production of the fishery. The situation in
Munda is more stable and predictable than that of
Tulagi. This is due to more constant levels of
recruitment from either the addition of juvenile
fish or from immigration of fish from adjacent
areas or a combination of both. Tulagi however,
must rely on the addition of juvenile fish and the
strength of this recruitment will rely heavily on
environmental conditions as well as parental
stock levels. It may be that fishing effort in 1983
was so high that parental stock levels were
reduced to such an extent that recruitment the
following year was very low and that continued
fishing effort during the following years have
never allowed the stocks, primarily S. heterolobus
and S. devisi, to return to their previous levels.
Favourable environmental conditions may cause
strong recruitments from time to time which may
give rise to higher catch rates over a short period,
but the Tulagi situation should be monitored
closely and any increase in fishing effort reviewed
very carefully.

If management measures did need to be
imposed, the most suitable method would be a
reduction in fishing effort. The estimates of opti-
mum fishing effort and MSY for Munda from the
three different methods are consistent and are a
good guide if restrictions on fishing effort are
required. However as the importance of the pole-
and-line fishery may decline, with the movement
of the tuna industry to purse-seining, such restric-
tions may not be required at Munda. However, as



fishing effort moves to different areas then moni-
toring the levels of catch and effort should also be
undertaken eg. for the Marovo lagoon, now the
most important baitfishing area within Solomon
Islands (SIG, unpublished data.)

Although it may not be essential to know the
baitfish stock sizes for the pole-and-line fishery,
because of its self-regulatory nature, they may
become important if in the future there is require-
ment to exploit the baitfish stocks for direct
human consumption as occurs in Asia.
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Catch Composition of the Tuna Baitfishery of Solomon Islands
and Possible Impact on Non-Target Species

by N.J.F. Rawlinson*

Abstract

Information is given on the species composition of commercial baitfishing catches by the
pole-and-line fishing fleet in Solomon Islands from two sites. The catches from a third site
using experimental fishing gear are also detailed. Bait catches are dominated by the Engrau-
lid anchovies, Stolephorus heterolobus and Stolephorus devisi, but large intra- and inter-
annual variability in species composition of the catch takes place. The occurrence of
non-target species in the bait catches is detailed with special reference to the juveniles of reef
fish species, the adults of which are important to rural subsistence fishermen in Solomon
Islands. An attempt is made to quantify the numbers of juvenile reef fish caught in com-
mercial catches to try and assess the potential impact on the recruitment of reef fish by
commercial baitfishing operations. A seasonal pattern in the numbers and variety of non-

target species in the catch is discussed.

THE pole-and-line fishing fleet in Solomon
Islands caught 33 051 t of tuna (or 76% of the total
domestic catch) in 1988 (SIG, 1988) and is the
mainstay of the tuna industry within the country
(Nichols and Rawlinson, these Proceedings).

The pole-and-line method of catching skipjack
tuna (Katsuwonus pelamis) from surface schools
cannot be employed without a large supply of
acceptable baitfish. Baitfish are small pelagic
species which are used to ‘chum’ schools of skip-
jack to the fishing vessels before fish can be poled
onboard. The types and characteristics of what
constitutes a good baitfish species are well de-
scribed in Hester (1974), Baldwin (1977), Smith
(1977) and Yuen (1977).

The catching of baitfish in Solomon Islands is a
separate fishery to the tuna fishery in time, lo-
cation and method. Fishing takes place at night
from designated baitifishing grounds (mainly
lagoonal areas) using the bouke-ami technique
(stick-held liftnet in conjunction with underwater
lights). Details of fishing methods and fishing
areas within Solomon Islands can be found in
Evans and Nichols (1984) and Nichols and

* CSIRO Division of Fisheries, P.O. Box 120, Cleve-
land, Queensland 4163, Australia.
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Rawlinson (these Proceedings). During the 1988
fishing season, 2 498 t of baitfish were caught by
local pole-and-line vessels in Solomon Islands
(SIG, 1988; Rawlinson and Nichols, these Pro-
ceedings).

In recognition of the importance of the bait-
fishery to the operations of the pole-and-line fleet,
the Solomon Islands Government (SIG) started a
baitfish sampling program in 1982. Observers
worked on commercial vessels and collected
samples of bait during the nightly fishing oper-
ations. These samples were collected primarily to
provide an insight into the dynamics of the fishery
and the biology of the important bait species
(Nichols, 1988). Samples were also analysed to
give an indication of the species composition of
the catch. Two Stolephorid anchovies, Stoleph-
orus heterolobus and Stolephorus devisi, consti-
tuted 80% by number of the catch (Evans and
Nichols, 1984). This result agreed with the find-
ings of the South Pacific Commission (SPC) made
during two research surveys to investigate the
skipjack and baitfish resources in Solomon
Islands: once in 1977 and again in 1980 (Argue
and Kearney, 1982).

The baitfish sampling program was expanded
in 1987 with the implementation of a three year



collaborative research program between the Fish-
eries Division of SIG and the Commonwealth
Scientific and Industrial Research Organization
(CSIRO) of Australia to investigate in more detail
the biology of the major baitfish species and to
address the issue of interactions between com-
mercial baitfishing and the rural subsistence
fisheries. Funding for this Baitfish Research Pro-
ject (BRP) was provided by the Australian Centre
for International  Agricultural  Research
(ACIAR).

Lewis (1983) identified three main areas where
commercial baitfishing may have detrimental
effects on subsistence fisheries. Firstly, the reduc-
tion in the amount of forage available for desir-
able predatory species, which has always been the
main concern of rural fishermen in Solomon
Islands (Evans and Nichols, 1984; Nichols and
Rawlinson, these Proceedings). This issue is
addressed more fully by Blaber et al. (these Pro-
ceedings). Secondly, the depletion of the common
stock which is discussed in more detail by Rawlin-
son and Nichols (these Proceedings). The third
area identified was the effect baitfishing may have
on the recruitment of juvenile fish. This paper
identifies the main taxa of the juvenile reef fish
taken in baitfish catches and attempts to quantify
the numbers caught.

Sampling during the BRP was designed to col-
lect samples of the important baitfish species
being studied. However, the collection of random
samples was continued in order to monitor the
catch composition of the baitfishery at the
research sites. These samples extended the time
series of data on the species composition of the
baitfish catch and these results are presented in
this paper. The random samples also gave an indi-
cation of the levels of by-catch (non-baitfish spe-
cies taken during baitlight operations). As the
levels of capture of by-catch species were not iden-
tified as a priority area for study at the beginning
of the project, sampling was not designed to fully
address this issue. However, the data collected are
outlined and recommendations to improve sam-
pling to address this area more fully are given.

Objectives

With the available data:

— identify the species of fish that are caught dur-
ing baitfishing operations and their relative
importance within the catch composition;

— determine the abundance of by-catch species
i.e. non-baitfish species within the catch;

— determine whether there are differences
between sites in the species and numbers of
by-catch;
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— determine whether there are seasonal or
monthly patterns in abundance of by-catch
species;

— assess whether the by-catch species are of
importance in the subsistence fishery at the
baitfishing area;

— estimate the numbers of subsistence fishery
species being taken as by-catch by commercial
baitfishing operations.

Materials and Methods

Sample sites

The three sites where baitfish sampling took place
were Munda in the Roviana Lagoon, the southern
part of Vona Vona Lagoon, both in the Western
Province of Solomon Islands and Tulagi in the
Central Islands Province (Fig. 1). The selection of
these sites and their physical appearance are des-
cribed in Leqata et al. (these Proceedings). Essen-
tially the sites at Munda and Vona Vona are very
similar shallow lagoonal areas, whereas the Tulagi
site is considerably deeper and is subject to more
oceanic influence. Munda and Tulagi experience
heavy baitfishing pressure (Rawlinson and
Nichols, these Proceedings) whereas Vona Vona
is not utilised for baitfish. For this reason Vona
Vona was used as a control site.

Sampling methods

When sampling was initiated in 1982 Fisheries
Observers undertook fishing trips on board com-
mercial pole-and-line vessels. One of their duties
was to collect a sample of baitfish from the nightly
fishing operations. Samples were collected in a
fine-meshed net as the buckets of bait were being
transferred into the baitwells. The baitfish col-
lected were put inside plastic bottles and pre-
served in 10% formaldehyde. The samples were
marked with the date and place of capture.

The use of Fisheries Observers on board com-
mercial vessels had the disadvantage that samples
could only be collected from where the vessels
were operating. Pole-and- line vessels in Solomon
Islands use a large number of different bait-
grounds during the fishing season. This led to the
sampling of baitfish catches from many different
areas but did not give a good time-series from any
one site. This method of sampling from commer-
cial vessels continued until the end of December
1986.

In order to get time-series data collections of
baitfish, samples were obtained on a monthly
basis from the three sampling sites described
above. Random sub-samples of the baitfish catch
were collected from the commercial pole-and-line
vessels operating at Munda and Tulagi at least
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Figure 1. Map of Solomon Islands, showing position of Munda, Tulagi and Vona Vona.

once a month over the study period from March
1987to April 1989. Collectors of the samples trav-
elled in a power-driven canoe to meet the com-
mercial vessels in the baitgrounds at night. After
samples had been taken the sample collectors
were able to leave the vessel. While the collector
was on board samples were collected in the same
way as described above.

A similar sub-sample of baitfish was collected at
least once a month from Vona Vona using a small-
scale method for their capture. An underwater
light (500 W) powered by a portable 2.2 kW gen-
erator was used in conjunction with two boats
(one 10.5 m and the other 7.5 m). The two boats
were kept apart by tying bamboo poles (10 m long)
bow-to-bow, and stern-to-stern. A net, con-
structed of the same mesh size as those of com-
mercial vessels (4 mm square), ten metres square
and approximately three metres deep was lowered
between the two boats to a depth of about 15 m.
When the net had been set, the underwater light
was raised slowly and its brightness dimmed
before being fixed in position between the middle
of the boats and above the baitnet. Once the bait-
fish had aggregated closely around the light the net
was hauled by three men on each boat. This
method was also used to collect samples of bait-
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fish at Munda and Tulagi when no commercial
vessels were operating (i.e. during the closed sea-
son to pole-and-line fishing which usually occurs
between December and February of each year).

All fish in the samples were identified mainly
using the guide of Lewis et al. (1983) and Munro,
(1967)to at least family level with the exception of
fry and larvae too small for positive identi-
fication. These were listed as ‘Others’. The num-
ber and fork length of each species in every sample
were recorded. These data were compiled to give
the species composition of baitfish catches by
numbers. Monthly and annual samples were
pooled and the total number of fish by species was
divided by the total sample size for the month or
year to give percentage composition of the catch
by species.

Results and Discussion

Species caught during baitfishing operations and
their relative importance

The most important species and families caught
from the Munda and Tulagi sites from 1982 to
1989 are shown in Tables 1 and 2 respectively.
Fish captured from both commercial vessels and
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Table 1. Munda percentage bait-catch composition.

19822 1983a 1984b 1985b 19860 1987¢ 1988¢ 1989¢
ENGRAULIDAE 88.3 68.3 84.9 77.3 84.1 76.6 50.4 68.1
Stolephorus heterolobus 74.4 42.3 57.4 57.5 70.2 47.8 18.4 15.2
Stolephorus devisi 12.5 25.5 24.2 18.2 11.0 14.4 26.7 51.9
Stolephorus insularis — 0.2 0.7 0.2 — 1.1 1.1 0.3
Stolephorus indicus — — 2.2 — 0.1 — — —
Stolephorus punctifer 1.4 0.3 — — — 0.1 —
Stolephorus juveniles — — — — 2.8 13.1 4.0 0.4
Thryssa baelama — — — 1.4 — 0.2 0.2 0.2
DUSSUMIERIIDAE 0.2 20 9.9 15.2 8.3 10.1 231 18.5
Spratelloides gracilis — — 7.4 1.8 0.1 0.4 0.3 10.5
Spratelloides lewisi — 16.2 2.3 1.2 5.1 6.2 11.8 7.7
Spratelloides delicatulus 0.2 4.1 0.2 12.2 3.1 2.4 11.1 0.3
CLUPEIDAE 3.7 3.6 1.0 1.3 1.7 4.0 12.3 9.5
Amblygaster sirm 0.4 — — — — — 0.3 0.6
Herklotsichthys sp. — — — 0.2 — 2.8 2.5 2.6
Herklotsichthys quadrimaculatus 2.2 3.0 0.8 0.7 1.2 1.1 7.3 4.6
Pellona ditchela 1.1 — — 0.2 0.4 0.1 0.2 1.7
SCOMBRIDAE — 0.1 0.1 0.3 0.2 0.1 0.2 1.4
APOGONIDAE 1.1 0.4 0.2 1.1 2.6 4.9 7.7 0.2
ATHERINIDAE 0.8 0.1 3.0 3.1 1.1 1.6 2.5 1.0
CAESIONIDAE 0.5 — 0.6 0.1 0.1 0.4 0.2 0.5
LEIOGNATHIDAE 0.5 0.7 0.1 0.3 1.0 0.8 1.0 0.1
CARANGIDAE — — — 0.4 0.2 0.3 0.1 0.1
OTHERS 4.9 6.5 0.2 0.9 0.7 1.2 2.5 0.6
No. of samples taken 57 32 40 63 12 27 15 7
No. of fish sampled 4317 2304 2579 5033 1247 20898 8350 6757
Months sampled Aug-Oct Feb Mar,Apr, Mar-Nov Mar Mar-Dec Jan-Dec Jan-Apr

May-Sep Aug,Oct Apr,Sep

Notes:

a Source: Evans and Nichols (1984)
bSource: SIG (Unpublished Data)
¢ Source: Baitfish Research Project
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Table 2. Tulagi percentage bait-catch composition.

1982a 19832 19840 1985 19860 1987¢ 1988¢ 1989¢
ENGRAULIDAE 69.4 86.2 79.9 83.4 92.2 64.3 63.4 77.5
Stolephorus heterolobus 41.1 54.0 22.6 48.5 49.0 21.4 15.3 15.8
Stolephorus devisi 20.0 30.2 44.3 31.4 39.8 19.1 422 59.6
Stolephorus insularis 0.7 0.1 2.1 0.2 0.3 0.9 1.0 1.6
Stolephorus indicus — — — — — — — —
Stolephorus punctifer 7.4 0.5 10.4 2.8 3.0 2.0 1.9 —
Stolephorus juveniles — 1.3 — — — 12.6 2.5 —
Thryssa baelama 0.2 — 0.4 0.6 0.2 8.4 0.4 0.5
DUSSUMIERIIDAE 2.9 7.4 11.1 11.6 1.4 13.9 229 6.6
Spratelloides gracilis — 32 7.3 4.0 — 1.4 0.1 0.3
Spratelloides lewisi — 1.6 1.4 2.3 0.9 7.3 18.8 5.3
Spratelloides delicatulus — 2.3 1.4 2.0 0.1 3.1 0.8 0.9
CLUPEIDAE 4.3 2.1 2.7 1.6 1.1 9.3 6.2 9.7
Amblygaster sirm 1.6 0.3 —_ 0.1 0.1 1.5 0.3 0.3
Herklotsichthys sp. — — — — — 0.2 2.0 6.5
Herklotsichthys quadrimaculatus — 0.6 2.7 0.2 — 5.6 2.8 2.4
Pellona ditchela 2.7 0.7 — 0.4 0.3 1.7 0.2 0.4
SCOMBRIDAE 1.6 0.1 —_ 0.8 0.3 0.7 0.6 0.7
APOGONIDAE — 0.1 0.1 0.1 1.9 0.6 0.5 0.1
ATHERINIDAE 3.0 0.1 0.9 0.6 0.9 6.0 33 3.4
CAESIONIDAE 2.6 — 0.1 0.3 0.1 2.2 — 0.7
LEIOGNATHIDAE — 0.3 3.7 0.7 0.2 0.4 2.1 0.1
CARANGIDAE 1.2 — — — — 0.2 0.3 —
OTHERS 15.0 37 1.5 0.9 1.9 2.4 0.7 1.2
No. of samples taken 30 157 21 60 11 25 19 4
No. of fish sampled 2516 12089 1388 4578 1818 12983 8255 1987
Months sampled Jul Jan-May, Mar-May Mar-Nov Mar,May, Apr-Dec Jan-Dec Jan-Apr

Oct-Nov Jul,Aug, Aug,Oct, Jun,Sept
Dec Nov

Notes:

a Source: Evans and Nichols (1984)
bSource: SIG (Unpublished Data)

¢ Source: Baitfish Research Project



using the experimental bouke-ami technique are
included.

These tables are the pooled results of all samples
taken during the year. In every case the engraulid
anchovies make up the predominant part of the
catch, with Stolephorus heterolobus and S. devisi
the two most numerous species. The families of
Dussumieriidae, including the species Spratel-
loides lewisi, S. delicatulus and S. gracilis, and
Clupeidae, the predominant species being Herk-
lotsichthys quadrimaculatus, are of secondary
importance, with the families of Atherinidae,
Apogonidae, Scombridae, Caesionidae and
Leiognathidae comprising smaller parts of the
catch. The ‘Others’ in the tables refer to all other
fish caught and not only those too small for posi-
tive identification.

The predominance of Stolephorus anchovies in
the bait catch is also recorded from Papua New
Guinea (Kearney et al., 1972; Lewis, 1977; Dalzell
and Wankowski, 1980), Palau (Wilson, 1977),
and Hawaii (Uchida, 1977).

There was a marked decrease in the importance
of S. heterolobus in the bait catch at both Munda
and Tulagi in 1988 and 1989. This was coupled
with an increase in importance of S. devisi,
Spratelloides and Herklotsichthys species. This
change in species composition can be partly attri-
buted to fishing effort (see Rawlinson and
Nichols, these Proceedings) but the influence of
environmental factors such as rainfall and there-
fore run-off cannot be exlucded. Wetherall (1977)
observed an inverse relationshp between
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increased stream discharge and abundance of Sto-
lephorus purpureus, and this species has similar
habitat preferences to S. devisi and S. heterolobus
(Dalzell, 1986). The effects of fishing effort on
stocks of baitfish are reported by Dalzell, 1984.
He states that the continued removal of fish
affects the equilibrium biomass of a fishing
ground to the detriment of some species but to the
benefit of others. The continual removal of bait-
fish from Ysabel Passage, Papua New Guinea
may have benefited the ‘other species’ component
of the catch as a whole by reducing predation of
baitfish feeding on fish eggs; the removal of poten-
tial competitors for food; and/or the removal of
baitfish leading to a decline in the abundance of
larger predators. The situation in Solomon
Islands seems to be that stocks of S. heterolobus
suffer under high fishing pressure but with S
devisi and Spratelloides species becoming more
numerous in its place (see Rawlinson and Nichols,
these Proceedings).

The use of the small-scale experimental tech-
nique for the capture of some samples may have
had an effect on the species composition of the
catches. All samples collected from Vona Vona
were caught using the experimental technique and
samples were primarily composed of S. devisi (see
Fig. 2). During 1988 and 1989 a larger number of
the samples from Munda and Tulagi were col-
lected using the same technique. S. heterolobus
may have been able to avoid this smaller gear
more quickly than other species. Smith (1977)
noted that S. heterolobus will encircle a dimmed
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Figure 2. Baitfish Percentage Catch Composition by Numbers for Munda, 1987-89.

Key: S.Het  — Stolephorus heterolobus
S.Dev  — Stolephorus devisi
S.Ins — Stolephorus insularis
S.Juvs — Stolephorus juveniles
S.Lew — Spratelloides lewisi

Sp.Other — Spratelloides delicatulus and S. gracilis

Apog — Apogonidae Sp.
Herk — Herklotsichthys Sp. and H. quadrimaculatus
Others — All other fish not included above
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Table 3. Species list of fish taken during baitfish sampling in Solomon Islands March 1987-May 1989.

Species

Munda

Tulagi

Vona Vona

ENGRAULIDAE
° Stolephorus devisi
° Stolephorus heterolobus
Stolephorus indicus
Stolephorus insularis
Stolephorus punctifer
Thryssa baelama
DUSSUMIERIIDAE
Dussumieria sp A
Dussumieria sp B
° Spratelloides delicatulus
° Spratelloides gracilis
° Spratelloides lewisi
CLUPEIDAE
Amblygaster clupeiodes
Amblygaster sirm
° Herklotsichthys quadrimaculatus
° Herklotsichthys sp
Pellona ditchela
Sardinella melanura
Sardinella sp
Clupeidae Unidentified sp
SCOMBRIDAE
Rastrelliger brachysoma
Rastrelliger faughni
Rastrelliger kanagurta
Scomberomorus commerson
Scombridae Unidentified sp
APOGONIDAE
Apogon bandanensis
Apogon compressus
Apogon fraenatus
Apogon marmoratus
Apogon sp
Archamia lineolata
° Archamia zosterophora
Cheilodipterus macrodon
Cheilodipterus quinquelineata
Cheilodipterus sp
Pseudamia gelatinosa
Pseudamia polystigma
° Rhabdamia cypselurus
Rhabdamia gracilis
Rhabdamia sp
Siphamia sp
Apogonidae Unidentified sp
CAESIONIDAE
Caesio caerulaurea
Dipterygonotus balteatus
Gymnocaesio gymnopterus
Pterocaesio diagramma
Pterocaesio pisano
Pterocaesio tile
Pterocaesio sp
Caesionidae Unidentified sp
ATHERINIDAE
Atherinomorus duodecimalis
Atherinomorus endrachtenis
Atherinomorus lacunosus
Atherinomorus sp
Hypoatherina barnesi
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Table 3. Species list of fish taken during baitfish sampling in Solomon Islands March 1987-May 1989.

Species

Munda

Tulagi

Vona Vona

Hypoatherina ovalaua

Hypoatherina temminckii

Hypoatherina valenciennesi

Hypoatherina sp

Stenatherina panatela
LEIOGNATHIDAE

Gazza minuta

Leiognathus bindus

Leiognathus equulus

Secutor insidiator
CARANGIDAE

Atule mate

Carangoides hedlandensis

Caranx sexfasciatus

Decapterus macrosoma

Selar boops

Selar crumenophthalmus

Selaroides leptolepis

Scomberoides lysan

Scomberoides tol

Scomberoides sp

Carangidae Unidentified sp
SPHYRAENIDAE

Sphyraena barracuda

Sphyraena chrysotaenia

Sphyraena flavicauda

Sphyraena forsteri

Sphyraena jello

Sphyraena obtusata

Sphyraena putnamiae

Sphyraenidae Unidentified sp
LUTJANIDAE

Lutjanus biguttatus

Lutjanus duodecimalis

Lutjanus fulvus

Lutjanus kasmira

Lutjanus lutjanus

Lutjanidae Unidentified sp
HOLOCENTRIDAE

Mpyripristis adusta

Mpyripristis leiognathus

Sargocentron diadema

Sargocentron spiniferum

Sargocentron sp

Holocentridae Unidentified sp
MULLIDAE

Mulloides flavolineatus

Mulloides vanicolensis

Upeneus sp

Mullidae Unidentified sp
SYNODONTIDAE

Saurida gracilis

Saurida undosgamis

Syanodus variegatus

Syanodus sp

Synodontidae Unidentified sp
SIGANIDAE

Siganidae Unidentified sp
ACANTHURIDAE

Acanthuridae unidentified sp
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Table 3. Species list of fish taken during baitfish sampling in Solomon Islands March 1987-May 1989.
Species Munda Tulagi Vona Vona

ALUTERIDAE

Aluteridae unidentified sp
CORIDAE

Stethojulis strigiventer

Coridae unidentified sp
POMACENTRIDAE

Abudefduf bankieri *

Abudefduf sp *

Pomacentridae Unidentified sp
SYNGNATHIDAE

Corythoichthys intestinalis waitei

Syngnathidae Unidentified sp
CANTHIGASTERIDAE

Canthigasteridae unidentified sp
DIODONTIDAE

Diodontidae unidentified sp
HEMIRAMPHIDAE

Hemiramphidae unidentified sp
NEMIPTERIDAE

Pentapodus caninus

Nemipteridae unidentfied sp
ANGUILLIDAE

Anguillidae unidentified sp
BALISTIDAE

Balistidae unidentified sp
BOTHIDAE

Bothidae unidentified sp
TETRADONTIDAE

Tetradontidae unidentified sp
SERRANIDAE

Epinephelus sp
FISTULARIIDAE

Fistularia commersonii

Fistularia unidentified sp
PRIACANTHIDAE

Priacanthus cruentatus

Priacanthus sp
NOMEIDAE

Ariomma indica
BREGMACEROTIDAE

Bregmaceros nectabanus
CHAETODONTIDAE

Chaetodon trifasciatus

Chaetodontidae Unidentified sp *
TRICHIURIDAE

Trichiurus sp
OSTRACIIDAE

Rhynchostracion nasus
GOBIIDAE

Gobiidae unidentified sp
LAGOCEPHALIDAE

Lagocephalus sceleratus
MUGILIDAE

Mugilidae unidentified sp
BLENNIDAE

Petroscirtes mitratus

Blennidae unidentified sp
LETHRINIDAE

Lethrinus haematopterus

Lethrinidae Unidentified sp ) *
CHROMIDAE

Chromis sp
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Table 3. Species list of fish taken during baitfish sampling in Solomon Islands March 1987-May 1989.

Species

Munda Tulagi Vona Vona

CARAPIDAE

Carapidae unidentified sp
F. SCARIDAE

Scarus ghobban

Scaridae unidentified sp
PLATICIADAE

Platax sp
CHIROCENTRIDAE

Chirocentrus dorab
POMACANTHIDAE

Chaetodontoplus mesoleucus

° Species targeted for baitfish

baitlight endlessly so presumably they would be
caught just as well as the other species present.
There is no hard evidence the data are not repre-
sentative of the actual situation but the use of the
experimental gear must be taken into consider-
ation.

Atotal of over 147 taxa representing 47 families
were recorded from the three sites during the
sample period. These fish are listed in Table 3 and
the site each taxa occured marked with an aster-
isk. Kearney et al. (1972) identified over 190
species belonging to 60 familes from a survey of
baitfish resources in Papua New Guinea and
Lewis (1977) reports over 300 species having been
taken in lift-net catches from the same country. It
is considered that with further sampling in Sol-
omon Islands a larger variety of species of fish
would be identified from the bait catch.

A good time series of data to show the change in
species composition by month for one particular
baitground had not been available in Solomon
Islands until the start of the BRP. Figures 2, 3 and
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4 detail the percentage composition of the major
baitfish species by numbers taken during sam-
pling from Munda, Tulagi and Vona Vona respec-
tively. Data shown include samples taken from
both commercial catches and those taken using
the experimental fishing gear. The number of
samples taken and number of fish sampled during
each month at each site are detailed in Table 4.

The predominance of Stolephorus heterolobus
and Stolephorus devisi in the bait catches is indi-
cated in Figures 2, 3 and 4. A large variation in
species composition from month to month is evi-
dent. This is probably due to effects of fishing
effort and changes in environmental factors as
discussed above.

These data, which in many cases consist of one
or two samples taken per month are, however, not
considered sufficient to represent the overall situ-
ation at a baitground for that month. Three to four
samples taken at Munda within an hour of each
other from different vessels produced great vari-
ation in species composition. A far more intensive
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Figure 3. Baitfish Percentage Catch Composition by Numbers for Tulagi. 1987-89.

Key: As for Figure 2.

199



S.Het IR S.0ev N S.ins SJuvsHR SlLew il
Sp.Other Apog RS Herk (] Others B8

100-T| g lr ' I IF H

B @D o2
(=3 o o
1 L 1

9% Composition

N
(=]
1

[¢]
MAMJJASONDJFMAMJJASONDJFM
1987 1988 1989
Month of year

Figure 4. Baitfish Percentage Catch Composition by Number for Vona Vona,1987-89.
Key: As for Figure 2.

Table 4. Sample sizes by site during Baitfish Research Project.

Munda Tulagi Vona Vona
Samples Fish Samples Fish Samples Fish

1987

March 1 660 —_ — 1 362
April 3 1778 2 1106 1 329
May 2 309 2 1390 1 461
June 3 1615 5 1728 1 725
July 2 2445 2 995 1 628
August 2 1632 3 2278 1 297
September 3 2813 5 2542 1 885
October 8 7548 2 1001 1 456
November 2 1330 1 427 1 524
December 1 768 1 296 1 284
1988

January 1 564 2 610 1 1227
February 1 996 1 502 1 882
March 1 165 1 446 1 427
April 2 313 2 423 1 255
May 2 1960 2 625 1 221
June 1 427 3 825 1 428
July 1 366 1 529 1 167
August 1 601 1 583 2 371
September 1 457 3 2607 1 480
October 2 1111 1 531 2 839
November 1 834 1 108 1 563
December 1 556 1 466 2 786
1989

January 2 2588 1 752 1 496
February 1 1536 1 805 2 511
March 2 2069 1 217 1 420
April 2 564 I- 213 —_ —
Totals 49 36005 46 22005 29 13024
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sampling program than has been reported here
would be required to give complete representa-
tion of the actual monthly situation.

Importance of by-catch species

Species considered as baitfish are those of the
families Engraulidae, Dussumieriidae, Clupei-
dae, Atherinidae, Apogonidae, Caesionidae,
Scombridae, Leiognathidae and Carangidae
(Selar boops and Selar crumenopthalmus only) as
described by Lewis et al. (1983). Other species
caught are considered as by-catch.

Large predatory fish, particularly members of
the families Carangidae and Trichiuridae are
often caught in the commercial bait catches in
Solomon Islands (Evans and Nichols, 1984). The
capture of such large pelagic fish as diverse as
Sphyraenidae spp, Chirocentrus dorab and Scom-
beromorus commerson, as well as the bottom liv-
ing species Lutjanus fulvus, and coral reef fish
such as Scarus ghobban and Platax sp., have also
been noted in the catches. The by-catch species
included in this study are those occurring in the
random samples taken with the small fine meshed
net which excludes these larger fish.

Local residents of baitgrounds have often
remarked on the capture of adult fish in the bait-
nets, especially when pole-and-line operations
began in Solomon Islands in 1971. Details of
levels of the catch of adult fish from these early
days of the industry are not available. Although
numbers of adult fish caught in one haul of the
bait-net are not usually large, totals over a whole
season in a heavily baitfished area could be quite
substantial and this is an area worthy of further
study.

Lewis (1983) reports the capture of large pred-
ators (Scomberomorus, Sphyraena, Caranx) using
baited lines around bait lights as an important
source of coastal fish production. This method for
capture of fish is also used by rural fishermen in
Solomon Islands (Evans and Nichols, 1984) but
was not seen as an important activity during this
study.

Crustacea (prawns, shrimps, and crabs) and
Cephalapoda (squid and octopus) are also taken

in commercial bait catches in Solomon Islands. -

They are predominantly juveniles and occasion-
ally occur in large numbers. These have also been
excluded from the by-catch data.

McCarthy (1985) reported the occurrence of
Crustacea and Cephalopoda in the commercial
bait catch from Tarawa Lagoon, Kiribati.

The species recorded as by-catch and their
mean fork lengths in millimetres from each site
are listed in Table 5. Maximum and minimum
lengths of species collected are recorded, as well as
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the standard deviation from the mean length. The
majority of the fish were larval or juvenile
stages.

The larvae of a number of species of tropical
coastal fishes have been described as positively
phototactic or habitually schooling near the water
surface (Johannes, 1978). This would explain the
reason for the larval stages of fish being attracted
to the underwater lights and finally caught in the
bait catch.

The list of species taken and their percentage
composition by numbers of the total catch for the
three years of this study are detailed in Tables 6, 7
and 8 for Munda, Tulagi and Vona Vona respec-
tively. The frequency of occurrence is expressed
as a percentage of the number of months that a
species appeared in catches divided by the num-
ber of months of the year sampled.

The Tables show that a wide diversity of species
are captured but they make up a very small pro-
portion of the total catch composition by num-
bers. The highest yearly total was at Tulagi in 1987
when by-catch species made up 2.67% of the total
catch composition and the lowest was at Vona
Vonain 1987 when the level was only 0.12% of the
catch.

The fish include a mixture of pelagic and reef-
associated species. There are no species which
occurred in the catches at all sites during all years
and in a number of cases a species is represented
by one individual collected on one sampling occa-
sion (e.g. Lutjanus biguttatus, Lutianus duodeci-
malis and Lutjanus lutjanus). Fish from the fam-
ilies Siganidae, Sphyraenidae, Carangidae and
Holocentridae and the species Scomberomorus
commerson and Priacanthus cruentatus appear
most regularly in the baitfish catches from year to
year.

Other authors have identified these species in
bait-catches from other parts of the world.
Kikawa (1977) reported many species collected at
night-light stations of larval and juvenile fish
which were too small to be used as baitfish during
a survey in Papua New Guinea in 1968. During a
second survey in 1969 he noted the following fam-
ilies in fairly large numbers in collections made
using a stick-held lift net, scoop nets and night-
lights: Myctophidae, Holocentridae, Mugilidae,
Scombridae, Sphyraenidae, Carangidae, Mulli-
dae, Apogonidae, Blenniidae, Pomacentridae,
Acanthuridae and Siganidae. Only the larvae or
juveniles were caught as the adults did not aggre-
gate in schools around the light.

In Fiji, Caranxsp., 6.3t0 8.5 cm. in length, were
taken in small quantities while night-lighting
(Lee, 1973). Scomberoides tol are also reported to
be taken in Fiji (Lee, 1973); Scomberoides lysan
were reported in bait catches in Hawaii (June and
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Table 5. By-catch species from baitfish sampling during BRP. The number of fish (N) measured; the mean, maximum and minimum fork lengths recorded and
the standard deviation (SD) away from the mean are recorded for each species by site.

Munda Tulagi Vona Vona

Species N Mean Max. Min. SD N Mean Max. Min. SD N Mean Max. Min. SD
Abudefduf bankieri — — — — — 1 17.0 — — — — — — — —
Abudefduf sp 1 380 — — — — — — — — — _

Acanthuridae unidentified sp 5 276 32 21 3.9 5 388 44 29 5.3 2 315 35 28 3.5
Aluteridae unidentified sp 1 270 — — — — — — — — — —

Anguillidae unidentified sp 1 192.0 — — — — — — — — — — — —
Ariomma indica 4 132 24 8 6.4 5 146 21 10 4.2 — — — — —
Atule mate — — — — — 1 107 —_ — — _ _ _ _ _
Balistidae unidentified sp 1 31.0 — — — 2 16.5 32 12 15.5 — — — — —
Bothidae unidentified sp 1 300 — — — — — — — — _ — _ _
Bregmaceros nectabanus — — — — — 13 389 73 18 133 2 390 49 29 100
Canthigasteridae unidentified 2 655 — — — — — — — — 3 223 25 19 2.5
Carangidae unidentified sp 16 29.6 47 15 9.1 11 399 65 18 13.2 6 44.6 56 25 114
Carangoides hedlandensis — — — — — 1 147.0 — — — — — — _
Caranx sexfasciatus 7 750 81 68 4.5 — — — — — — — — _ —
Coridae unidentified sp 2 340 55 13 210 — — — — — — — _ _ _
Decapterus macrosoma — — — — — 1 82.0 — — — — — — — —
Diodontidae unidentified sp 2 315 45 18 13.5 2 270 39 15 12.0 1 12.0 —_ —_ —
Epinephelus sp 2 215 23 20 1.5 3 17.3 22 15 4.0 — — — — —
Fistulariidae unidentified sp 1 127.0 — — — 1 125.0 — — — — — — — —
Gobiidae unidentified sp — — — — — 4 330 48 18 12.2 — — — — —
Hemiramphidae unidentified sp 1 740 — — — — — — — — — — — _
Holocentridae unidentified sp — — — — — 12 268 47 19 8.0 1 31.0 — — —_
Lutjanidae unidentified sp 2 29.0 30 28 1.0 9 204 26 11 4.3 — — —
Lutjanus biguttatus 1 130.0 — — — — — — — — — — — — _
Lutjanus duodecimalis 1 36.0 — — — — — — — — — — — — —
Lutjanus lutjanus 1 850 — — 0.0 _ — — — — — — — — —
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Mullidae unidentified sp
Mulliodes flavolineatus
Myripristis adusta
Myripristis lelognathus
Pomacentridae unidentified sp
Priacanthus cruentatus
Rhynochostracion nasus
Sargocentron diadema
Sargocentron spiniferum
Saurida gracilis

Saurida undosquamis
Scolopsis sp

Scomberiodes lysan
Scomberoides tol
Scomberoides sp
Scomberomorus commerson
Scomberomorus sp
Selaroides leptolepis
Siganidae unidentified sp
Sphyraena barracuda
Sphyraena chrysotaenia
Sphyraena flavicauda
Sphyraena forsteri
Sphyraena obtusata
Sphyraena putnamiae
Sphyraenidae unidentified sp
Stenthojulis strigiventer
Syngnathidae unidentified sp
Tetrodontidae unidentified sp
Trichiurus sp

Upeneus sp
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Table 6. By-catch species recorded from baitfish sampling from Munda during BRP. The percentage composition
(% N) by numbers of the total annual sample, and the occurrence in monthly samples as a percentage of the months

sampled (% F) for each species by year are shown.

1987 1988 1989
Species % N % F % N % F % N % F
Abudefduf sp — — 0.012 6.67 —_ —
Acanthuridae unidentified sp 0.014 11.11 0.036 20.00 — —_
Aluteridae unidentified sp 0.005 3.70 — — — —
Anguillidae unidentified sp 0.005 3.70 — — — _—
Ariomma indica 0.005 3.70 0.048 26.67 — —
Balistidae unidentified sp —_ — 0.012 6.67 — —
Bothidae unidentified sp — — 0.012 6.67 —_ —_
Canthigasteridae unidentified sp 0.010 5.41 0.012 6.67 — —
Carangidae unidentified sp 0.048 14.81 0.012 6.67 0.074 57.14
Caranx sexfasciatus — — 0.072 13.33 0.015 14.29
Coridae unidentified sp 0.005 3.70 0.012 6.67 — —
Diodontidae unidentified sp 0.005 3.70 0.012 6.67 —_ —
Epinephelus sp — — 0.024 6.67 — —_
Fistulariidae unidentified sp — — 0.012 6.67 — —
Hemiramphidae unidentified sp 0.005 3.70 — —_ — —
Lutjanidae unidentified sp 0.005 3.70 0.024 6.67 — —
Lutjanus biguttatus 0.005 3.70 — — —_— —
Lutjanus duodecimalis 0.005 3.70 — — —_ —
Lutjanus lutjanus — — — 0.015 14.29
Mullidae unidentified sp 0.010 7.41 0.012 6.67 — —
Mulloides flavolineatus 0.019 3.70 — 0.089 28.57
Mpyripristis adjusta _ — — 0.015 14.29
Mpyripristis leiognathus — — 0.012 6.67 —_ —
Pomacentridae unidentified sp 0.005 3.70 — — —
Priacanthus cruentatus — — — — 0.074 28.57
Sargocentron diadema 0.005 3.70 0.180 26.67 0.030 28.57
Saurida gracilis 0.005 3.70 — — — —
Scolopsis sp 0.096 3.70 0.012 6.67 — —
Scomberoides sp 0.014 3.70 —_ — — —
Scomberomorus commerson 0.005 3.70 0.012 6.67 — —
Selaroides leptolepis 0.225 37.04 — —
Siganidae unidentified sp 0.077 11.11 0.778 40.00 0.059 28.57
Sphyraena barracuda 0.014 3.70 — —
Sphyraena chrysotaenia 0.005 3.70 — — — —
Sphyraena flavicauda 0.005 3.70 0.048 13.33 — —
Sphyraena obtusata 0.010 7.41 0.012 6.67 0.133 14.29
Sphyraenidae unidentified sp 0.019 11.11 0.012 6.67 0.015 14.29
Stenthojulis strigiventer — —_ 0.012 6.67 — —
Syngnathidae unidentified sp 0.057 11.11 — — —_ —
Tetrodontidae unidentified sp — — 0.012 6.67 — —
Other Fish (unidentified) 0.100 25.93 0.395 26.67 — —
Total number of by-catch fish 146 150 35
Total number of by-catch species 30 5 10
Total % N 0.785 1.796 0.518
Total number of fish sampled 20898 8350 6757
Total number of samples 27 15 7

Reintjes, 1953). Juveniles of Priacanthus sp. are
noted by Cleaver and Shimada (1950) as having
been used as skipjack tuna bait in Ponape and
Truk. Juveniles of the barracuda Sphyraena obtu-
sata were captured with night-light and lift net but
not in great numbers (Marukawa, 1939). Cleaver
and Shimada (1950) noted the use of this species
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inthe “south seas” and Domantay (1940a, 1940b)
reported its use in the Philippine fishery.

Kearney et al. (1972) reported the capture of
many of the species considered to be by-catch
in this paper from Papua New Guinea and
McCarthy (1985) noted some of them in catches
from Tarawa Lagoon, Kiribati.



Table 7. By-catch species recorded from baitfish sampling from Tulagi during BRP. The percentage composition
(% N) by numbers of the total annual sample, and the occurrence in monthly samples as a percentage of the months
samples (% F) for each species by year are shown.

1987 1988 1989

Species % N % F % N %F % N % F
Abudefduf bankieri — — 0.012 5.26 — —
Acanthuridae unidentified sp 0.008 4.00 0.024 5.26 0.050 25.00
Ariomma indica 0.008 4.00 — — 0.151 50.00
Atule mate — — 0.012 5.26 — —
Balistidae unidentified sp 0.015 8.00 — — — —
Bregmaceros nectabanus 0.092 20.00 0.024 5.26 — —
Carangidae unidentified sp 0.077 24.00 0.036 5.26 — —
Carangoides hedlandensis — — 0.012 5.26 — —
Decapterus macrosoma 0.008 4.00 — — — —
Diodontidae unidentified sp 0.008 4.00 — — — —_
Epinephelus sp 0.015 4.00 — — 0.050 25.00
Fistulariidae unidentified sp — -— — —_ 0.050 25.00
Gobiidae unidentified sp 0.008 4.00 — — 0.050 25.00
Holocentridae unidentified sp 0.015 8.00 0.061 15.79 — —
Lagocephalus sceleratus — — 0.012 5.26 — —_
Lutjanidae unidentified sp 0.069 16.00 0.012 5.26 — —
Mugilidae unidentified sp — — 0.012 5.26 — —
Mulloides flavolineatus — — 0.097 0.04 0.050 25.00
Mpyripristis adusta — — 0.048 10.53 0.050 25.00
Priacanthus cruentatus 0.015 4.00 0.024 5.26 0.050 25.00
Rhynochostracion nasus 0.015 8.00 — — — —
Sargocentron spiniferum — — 0.012 5.26 0.050 25.00
Saurida gracilis 0.015 4.00 0.012 5.26 — —
Saurida undosquamis — — 0.012 5.26 — —
Scomberoides lysan — — 0.024 10.53 — —
Scomberoides tol — — 0.048 5.26 — —_
Scomberoides sp — — 0.036 5.26 — —
Scomberomorus commerson 0.039 12.00 0.048 10.53 0.050 25.00
Selaroides leptolepis 0.054 8.00 0.012 5.26 — —
Siganidae unidentified sp 1.263 36.00 — — 0.403 50.00
Sphyraena barracuda — — 0.024 10.53 — —
Sphyraena chrysotaenia 0.054 8.00 — — — —_
Sphyraena flavicauda 0.046 12.00 0.109 15.79 — —
Sphyraena forsteri — — 0.036 10.53 0.050 25.00
Sphyraena jello 0.023 4.00 — — _ —
Sphyraena obtusata 0.015 8.00 0.109 21.05 —_ —
Sphyraenidae unidentified sp 0.085 20.00 0.012 5.26 — —
Syngnathidae unidentified sp 0.008 4.00 — — — —
Synodontidae unidentified sp 0.023 8.00 — — — —
Tetraodontidae unidentified sp 0.031 8.00 — — 0.050 25.00
Trichiurus sp 0.008 4.00 — —_ — —
Upeneus sp — — — _ 0.101 25.00
Other Fish (unidentified) 0.655 52.00 — _— — —
Total number of by-catch fish 348 77 5

Total number of by-catch species 26 27 14

Total % N 2.673 0.884 1.208

Total number of fish sampied 12983 8255 1987

Total number of samples 25 19 4

o ) . All samples were collected from Vona Vona
Site differences in the species and number of using the experimental fishing technique so the
by-catch sampling method may be the main reason for the
The most noticeable difference between sites was  lower by-catch from this area. Sample sizes are
that at Vona Vona the diversity of species and also generally smaller and this seems to have a
numbers of by-catch species caught was much less  significant effect on the numbers of species
than at Munda and Tulagi. recorded (see below).
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Table 8. By-catch species recorded from baitfish sampling from Vona Vona during BRP. The percentage
composition (% N) by numbers of the total annual sample, and the occurrence in monthly samples as a percentage of
the months sampled (% F) for each species by year are shown.

1987 1988 1989

Species % N % F % N % F % N % F
Acanthuridae unidentified sp — — 0.015 6.67 — —
Ariomma indica — — — — — —
Bregmaceros nectabanus 0.020 10.00 0.015 6.67 — —
Carangidae unidentified sp 0.020 10.00 — — 0.140 33.33
Canthigasteridae unidentified sp — — 0.060 13.33 — —
Chaetodontidae unidentified sp — — 0.030 6.67 — —
Diodontidae unidentified sp —_ —_ 0.060 20.00 — —
Holocentridae unidentified sp — — 0.015 6.67 — —
Lutjanidae unidentified sp — — 0.120 6.67 — —_
Sargocentron spiniferum — — 0.045 6.67 — —
Scomberoides tol — — 0.015 6.67 — —
Selaroides leptolepis 0.020 8.00 0.015 6.67 — —
Siganidae unidentified sp — — 0.316 33.33 — —
Sphyraena flavicauda — — 0.030 13.33 — -—
Sphyraena putnamiae — — 0.015 6.67 —— —
Sphyraenidae unidentified sp — — 0.030 13.33 — —
Trichiurus sp — —_ 0.015 6.67 — —
Other Fish (unidentified) 0.061 20.00 0.075 13.33 — —
Total number of by-catch fish 6 58 2

Total number of by-catch species 4 16 1

Total % N 0.121 0.873 0.140

Total number of fish sampled 4951 6646 1427

Total number of samples 10 15 4

Secondly, Tulagi has a higher proportion of the
by-catch made up of pelagic species, both in num-
bers and variety. This is to be expected due to the
greater depth of water at Tulagi and because bait-
fishing does not occur in such close proximity to
coral reefs as it does in Munda.

Seasonal/monthly patterns in species and
numbers of by-catch

Figures 5a and 5b, 6a and 6b, and 7a and 7b show
the number of species and numbers of fish taken
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No. of species/samples

\
\
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by month for Munda, Tulagi and Vona Vona, re-
spectively. The number of fish sampled and the
number of samples (for Fig. 5a, 6a and 7a only)
taken per month are also plotted on the graphs.
The ‘others’ category represents one taxon in the
compilation of the graph.

The Figures show that for all sites there are
peaks in the numbers of species of by-catch and
numbers of by-catch fish caught around March
and April, and September and October. The
exception to this is at Vona Vona at the com-
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Figure 5(A). Munda Baitfish By-Catch.

Key: No. of Species — Number of taxa of by-catch species recorded in baitfish samples for a particular month.
No. of Fish Sampled — Number of fish in the monthly samples.
No. of Samples — Number of samples collected during a particular month.
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Figure 5(B). Munda Baitfish By-Catch

Key: No. of Fish — Number of individual fish which are by-catch species, recorded in baitfish samples for a par-

ticular month.

No. of Fish Sampled — Number of fish in the monthly samples.
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Figure 6(B). Tulagi Baitfish By-Catch
Key: As for Figure 5(B)

mencement of sampling for this study in March
and April 1987. Smaller peaks do occur during
other months of the year but they are not as pro-
nounced as those of March/April and Septem-
ber/October.

In general, reproduction of coastal marine
fishes takes place the whole year around but there
are certain times of the year when unusually large
numbers of species and individuals within spe-
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Figure 7(A). Vona Vona Baitfish By-Catch
Key: As for Figure 5(A)
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Figure 7(B). Vona Vona Baitfish By-Catch
Key: As for Figure 5(B)

cies, reproduce. These periods are referred to as
collective spawning peaks (Johannes, 1978). In a
number of instances there have been two collec-
tive spawning peaks identified within one year
from different areas e.g. Madagascar (Fourma-
noir, 1963); Mandapam, Southeast India (Bapat,
1955; Prasad, 1958); Hawaii (Watson and Leis,
1974); Curacao (Luckhurst and Luckhurst, 1977);
Barbados (Powles, 1975) and the Tigak Islands,
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Papua New Guinea (Mohiba, 1989). In all cases
the two peaks fall in between the months of March
to May and August to November. It is likely there-
fore coastal marine fishes in Solomon Islands also
have two collective spawning peaks giving rise to
the two peaks in by-catch during March and April,
and September and October as most of the by-
catch consists of juvenile and larval fish. Russell
et al. (1977) state however, that differences in lar-
val life histories make interpretation of breeding
times from juvenile recruitment data difficult and
so analysis of the data on a species-to-species basis
should be carried out.

The general pattern of collective spawning
peaks is influenced by temperature, plankton
productivity, rainfall and speed of prevailing cur-
rents and winds (Johannes, 1978). All these fac-
tors should be looked at to try and understand the
exact timing of spawning and hence the abun-
dance of larval fishes within baitfish grounds.

It is important to note that the numbers of by-
catch species and fish are closely related to the
numbers of fish sampled and numbers of samples
taken per month. Most peaks in the numbers of
by-catch coincide with peaks in the sample sizes.
However, there is no direct relationship between
size of the peaks and the size of the samples and so
the occurrence of the peaks can not be solely
attributed to sample size.

Importance of by-catch species in the subsistence
fishery

Indications from Blaber et al. (1990) and what is
known about the subsistence fishery in Solomon
Islands are that species from the families Acan-
thuridae, Balistidae, Carangidae, Lethrinidae,
Lutjanidae, Scombridae, Serranidae and Sphy-
raenidae make up a major proportion of the catch.
A number of fish from these families have been
caught as by-catch species of the baitfishing oper-
ations and are listed in Tables 9 and 10 for Munda
and Tulagi, respectively. Those species which
have only occurred in the catches on one sampling
occasion have been removed from the list. As no
commercial baitfishing takes place at Vona Vona
the extraction of by-catch species other than from
sampling is not considered.

Numbers of by-catch species important in the
subsistence fishery taken in commercial catches

Dalzell (1984) found no significant difference
between the mean annual percentage composition
by numbers and the mean annual percentage
weight composition of different species in bait
catches in Papua New Guinea. Therefore in order
to estimate the number of by-catch species being
taken by commercial baitfishing operations,
values of the percentage composition by numbers
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for each species were multiplied by the total catch
made for that year from that site. At Munda
200 507 and 34 111 buckets of bait, and at Tulagi
82 449 and 129 725 buckets of bait were caught by
the commercial pole-and-line fleet in 1987 and
1988 respectively. These numbers were used to
convert the percentage by numbers values for
each taxon into the total catch by taxa in buckets.
A bucket of bait in Solomon Islands weighs 2.2
kilograms (Evans and Nichols, 1984) and this
factor was used to convert the bucket totals to
weights. For each of the by-catch taxon an estim-
ation of the maximum and minimum weight of an
individual over the size range recorded has been
made. These estimations were from direct meas-
urements of weights of individuals of a particular
taxon whose size was close to the limits of the
range. The weights have then been used to give a
maximum and minimum number of individuals
of each by-catch taxon, by dividing them into the
total weights caught for each taxon. These figures
are listed in Tables 9 and 10.

The numbers for some taxa are very large,
between 422 160 and 1 055401 individuals for
Carangidae unidentified sp. from Munda in 1987,
and between 251 481 and 628 703 individuals for
Lutjanidae unidentified sp. from Tulagi in 1987.
It is beyond the scope of this paper to discuss what
effect the extraction of such numbers of larval/
juvenile fish from an area would have on the adult
population of a particular taxon. However, it is an
area requiring more detailed study.

Conclusions

Large numbers of larval and juvenile fish are cap-
tured in the commercial bait catches in Solomon
Islands, some are species which form an impor-
tant part of the subsistence fishery of the local
people who live in close proximity to the bait-
ground. Adult fish and invertebrates are also
caught in the bait catch but from this study it has
not been possible to estimate to what extent.

The capture of non-target species in the bait
catch may have a detrimental effect on the sub-
sistence fishery in commercial baitfishing areas. It
has not been possible to assess the level of impact
of the extraction of this estimated number of lar-
val and juvenile fish, but it is certainly an area
which should be investigated further.

If these levels are significant then a reduction
in commercial baitfishing effort or a completely
closed season during the periods of peak reef-fish
recruitment would appear to be the most practic-
able answer to decreasing the mortality of larval
and juvenile fish. From the data presented in this
paper this period would be between March and
April and September and October.
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Table 9. Estimated numbers of individuals of by-catch species important in subsistence fisheries caught in baitfishery at Munda by year.

1987 1988

Species Approx. Weight (g) % N Catch Catch (Numbers) % N Catch Catch (Numbers)

Min. Max. (kg) Min. Max. (kg) Min. Max.
Acanthuridae unidentified sp 0.50 0.60 0.014 63.32 105 540 126 648 0.036 26.96 44 937 53924
Balistidae unidentified sp 0.10 0.20 — — — — 0.012 8.99 44 937 89 873
Carangidae unidentified sp 0.20 0.50 0.048 211.08 422160 1055401 0.012 8.99 17975 44 937
Carnax sexfasciatus 8.00 10.00 — — — — 0.072 53.92 5392 6 740
Epinephelus sp 0.10 0.20 — — — — 0.024 17.97 89873 179 747
Lutjanidae unidentified sp 0.20 0.50 0.005 21.11 42216 105 540 0.024 17.97 35949 89 873
Scomberoides sp 0.90 1.30 0.014 63.32 48 711 70 360 — — — —_
Scomberomorus commerson 0.40 0.60 0.005 21.11 35180 52770 0.012 8.99 14979 22 468
Sphyraena barracuda 0.30 0.50 0.014 63.32 126 648 211080 — — — —
Sphyraena chrysotaenia 40.00 60.00 0.005 21.11 352 528 — — — —
Sphyraena flavicauda 1.00 2.00 0.005 21.11 10 554 21108 0.048 35.95 17975 35949
Sphyraena obtusata 40.00 60.00 0.010 42.22 704 1055 0.012 8.99 150 225
Sphyraenidae unidentified sp 0.50 1.50 0.019 84.43 56 288 168 864 0.012 8.99 5992 17975

Table 10. Estimated numbers of individuals of by-catch species important in subsistence fisheries caught in baitfishery at Tulagi by year.

1987 1988

Species Approx. Weight (g) % N Catch Catch (Numbers) % N Catch Catch (Numbers)

Min. Max. (kg) Min. Max. (kg) Min. Max.
Acanthuridae unidentified sp 0.50 0.70 0.008 13.97 19959 27942 0.024 69.14 98 778 138 290
Balistidae unidentified sp 0.10 0.20 0.015 27.94 139712 279 424 — — — —
Carangidae unidentified sp 0.20 0.60 0.077 139.71 232853 698 559 0.036 103.72 172862 518 586
Epinephelus sp 0.10 0.20 0.015 27.94 139 712 279424 — —_ — —
Lutjanidae unidentified sp 0.20 0.50 0.069 125.74 251481 628 703 0.012 34.57 69 145 172 862
Scomberoides lysan 0.90 1.30 — —_ — — 0.024 69.14 53 188 76 828
Scomberoides tol 0.90 1.30 — — — — 0.048 138.29 106 377 153655
Scomberoides sp 0.40 0.60 — — — — 0.036 103.72 172862 259293
Scomberomorus commerson 0.40 0.60 0.039 69.86 116 426 174 640 0.048 138.29 230483 345724
Sphyraena barracuda 1.00 2.00 — — — — 0.024 69.14 34572 69 145
Sphyraena chrysotaenia 4.00 5.00 0.054 97.80 19 560 24 450 — — — —
Sphyraena flavicauda 1.50 2.50 0.046 83.83 33531 55 885 0.109 311.15 124 461 207 434
Sphyraena forsteri 6.00 10.00 — — — —s 0.036 103.72 10372 17286
Sphyraena obtusata 4.00 5.00 0.015 27.94 5588 6986 0.109 311.15 62230 77 788
Sphyraenidae unidentified sp 0.50 1.50 0.085 153.68 102 455 307 366 0.012 34.57 23048 69 145




In order to carry out further study a more com-
prehensive sampling program would need to be
undertaken. Sampling during this study was not
specifically designed to address this particular
area, therefore deficiencies in the sampling struc-
ture are evident and the following methods should
be incorporated into any future program:
standardise the sample size,
standardise the sampling technique,
more regular sampling at constant stations
within the research site,
more detailed information concerning the
sampling station i.e. water depth at station,
proximity to reef, bottom substrate, whether
fishing takes place from a permanent mooring
etc.,
monitor the level of fishing effort that takes
place at each particular sampling station.

It is also very important that each individual
fish caught is properly identified to species level
and detailed information of the life-histories of
each species is obtained.

Acknowledgments

Thanks are given to all those staff in Fisheries
Division, Ministry of Natural Resources, Solo-
mon Islands who helped with the collection and
analysis of data discussed in this paper. Special
mention goes to Gideon Tiroba and John Leqata
for their part in this. Thanks also to George Hitu
of Munda and the willing helpers from Repi Vil-
lage, Vona Vona Lagoon who were always ready
to help in the collection of bait samples whatever
the time of day or night.

Gratitude to Dr Steve Blaber of CSIRO, Cleve-
land, Australia for his early advice and guidance
in the analysis of the by-catch data and to Dave
Milton for his identification of some of the species
caught.

References

Argue, A.W. and Kearney, R.E. 1982. An assessment of
skipjack and baitfish resources of Solomon Islands,
Skipjack Survey and Assessment Programme Final
Country Report No. 3. South Pacific Commission,
Noumea, New Caledonia.

Baldwin, W.J. 1977. A Review on the Use of Live Bait-
fishes to Capture Skipjack Tuna, Katsuwonus
pelamis, in the Tropical Pacific Ocean with Emphasis
on their Behaviour, Survival and Availability. NOAA
Technical Report NMFS Circular 408, 8-35.

Bapat, S.V. 1955. A preliminary study of the pelagic fish
eggs and larvae of the Gulf of Mannar and Polk Bay.
Indian J. Fish. 2, 231-255.

Blaber, S.J.M., Milton, D.A., Rawlinson, N.J.F., Tiroba,

210

G. and Nichols, P.V. 1990. Diets of lagoon fishes in
Solomeon Islands: predators of tuna baitfish and trop-
hic effects of baitfishing on the subsistence reef
fishery. Fisheries Research 8, 263-286.

Cleaver, F.C. and Shimada, B.M. 1950. Japanese skip-
jack (Katsuwonus pelamis) fishing methods. Commer.
Fish. Rev. 12(11), 1-27.

Dalzell, P.J. 1984. The Population Biology and Manage-
ment of Bait-Fish in Papua New Guinea Waters.
Report 84-05, Department of Primary Industry, Port
Moresby, Papua New Guinea.

1986. The Distribution and Production of An-
chovies in Papua New Guinea Waters. Papua New
Guinea Journal of Agriculture, Forestry and Fish-
eries, 34, (1-4) 59-70.

Dalzell, P.J. and Wankowski, J.W.J. 1980. The biology,
population dynamics and fisheries dynamics of
exploited stocks of three baitfish species, Stolephorus
heterolobus, S. devisi and Spratelloides gracilis in
Ysabel Passage, New Ireland Province, Papua New
Guinea. Research Bulletin No. 22. Department of
Primary Industry, Port Moresby, Papua New
Guinea.

Domantay, I.S., 1940a. The Catching of Live Bait for
Tuna Fishing in Mindanao. Philipp. J. Sci. 73, 337-
343.

1940b. Tuna Fishing in Southern Mindanao. Phil-
ipp. J. Sci. 73, 423-436.

Evans, D. and Nichols, P.V., 1984. The Baitfishery of
Solomon Islands. Fisheries Division, Ministry of
Natural Resources, Honiara (Solomon Islands Gov-
ernment Press).

Fourmanoir, P., 1963. Distribution écologique des pois-
sons de récifs coralliens et d’herbiers de la c6te ouest
de Madagascar. Terre Vie 1, 1-100.

Hester, F.J., 1974. Some Considerations of the Prob-
lems associated with the Use of Live Bait for Catching
Tunas in the Tropical Pacific Ocean. Mar. Fish. Rev.
36(5), 1-12.

Johannes, R.E., 1978. Reproductive strategies of coastal
marine fishes in the tropics. Env. Biol. Fish. 3(1), 65—
84,

June, F.C. and Reintjes, J.W., 1953. Common Tuna-
Bait Fishes of the Central Pacific. U.S. Fish Wildl.
Serv., Res. Rep. 34, 54p.

Kearney, R.E., Lewis, A.D. and Smith, B.R. 1972,
Cruise Report Tagula 71-1. Survey of Skipjack Tuna
and Bait Resources in Papua New Guinea Waters.
Dep. Agric., Stock Fish., Res. Bull. 8, Port Moresby.
145p.

Kikawa, S., 1977. Shunyo Maru’s third Bait Survey in
the Papua New Guinea area. Proceedings of the 1970
Japanese Tuna Fishery Research Conference, Shim-
izu, Japan, February 3-5, 1971. Far Seas Fish. Res.
Lab., 255-262. (Engl. transl., 1974, 10p., transl no.2;
available Southwest Fisheries Center, National Mar-
ine Fisheries Service, NOAA Honolulu, HI 96812.)

Lee, R., 1973. Live Bait Research. Skipjack Tuna Fish-
ing Project in Fiji. South Pac. Isl. Fish. Newsl. 9, 26—
30. [Noumea, New Caledonia.]



Lewis, A.D., 1977. Distribution and Abundance of Bait-
fish Resources in Papua New Guinea Waters. NOAA
Technical Report NMFS Circular 408, 85-94.

1983. Baitfisheries and Their Possible Impact on
Coastal Fisheries in Island States. Paper Prepared for
the 15th Pacific Science Congress, Dunedin.

Lewis, A.D., Smith, B.R. and Ellway, C.P. 1983. A
Guide to the Common Tuna Baitfishes of the South
Pacific Commission Area. Handbook No. 23 (1983),
South Pacific Commission, Noumea, New
Caledonia.

Luckhurst, B.E. and Luckhurst, K. 1977. Recruitment
patterns of coral reef fishes on the fringing reef of
Curacao, Netherlands Antilles, Can. J. Zool. 55, 681~
689.

Marukawa, H., 1939. Fisheries of the South Seas — IV.
Bait Fishes for Tuna and Skipjack. [In Jap.] S. Sea
Fish. (Nanyo Suisan) 5(5), 4-10. (Engl. transl. avail-
able Southwest Fisheries Center, National Marine
Fisheries Service, NOAA, Honolulu, HI 96812.)

McCarthy, D. 1985. Fisheries Dynamics and Biology of
the Major Wild Baitfish Species particularly Spratel-
loides delicatulus, from Tarawa, Kiribati. Atoll
Research and Development Unit, University of the
South Pacific, Kiribati. 59p.

Mobiha, A. 1989. Reproductive Biology of fish species
associated with shallow reefs (<<30m) that contribute
significantly to the artisanal and subsistence catch in
the Tigak Islands of Papua New Guinea. Paper pre-
sented at the Second Asian Fisheries Forum, Tokyo,
Japan. April 17-22.

Munro, LS.R. 1967. The Fishes of New Guinea.
Department of Agriculture, Stock and Fisheries, Port
Moresby.

Nichols, P.V. 1988. A Report on a Collaborative
Research Programme into baitfish populations in
Solomon Islands, with some preliminary findings.

211

Workshop on Pacific Inshore Fishery Resources,
Noumea, New Caledonia, 14-25 March, 1988. Infor-
mation Paper No. 8.

Prasad, R.R. 1958. Plankton calendars of the inshore -
waters at Mandapam, with a note on the productivity
of the area. Indian J. Fish. 5, 170-188.

Powles, HW. 1975. Abundance, seasonality, distri-
bution and aspects of the ecology of some larval fishes
off Barbados. Ph.D. thesis, McGill University.

Russell, B.C., Anderson, G.R.V. and Talbot, F. H. 1977.
Seasonality and Recruitment of Coral Reef Fishes.
Aust. J. Mar. Freshwater Res., 28, 521-528.

SIG, 1988. Annual Report, 1988. Fisheries Department,
Ministry of Natural Resources, Honiara, Solomon
Islands (SIG Press).

Smith, B.R., 1977. Appraisal of the Live-Bait Potential
and Handling Characteristics of the Common Tuna
Bait Species in Papua New Guinea. NOAA Technical
Report NMFS Circular 408, 95-103.

Uchida. R., 1977. The Fishery for Nehu, Stolephorus
purpureus, a Live Bait Used for Skipjack Tuna,
Katsuwonas pelamis, Fishing in Hawaii. NOAA Tech-
nical Report NMFS Circular 408, 57-62.

Watson, W. and Leis, J.M. 1974. Ichthyoplankton in
Kaneohe Bay, Hawaii. A one-year study of fish eggs
and larvae. Univ. Hawaii Sea Grant Tech. Rept.
Tr-75-01. 178p.

Wetherall, J.A. 1977. Catch statistics and abundance of
nehu, Stolephorus purpureus, in Kaneohe Bay. NOAA
Technical Report NMFS Circular 408, 114-118.

Wilson, P.T. 1977. Observations of Tuna Bait Species
and Their Habitats in the Palau Islands. NOAA Tech-
nical Report NMFS Circular 408, 69-74.

Yuen, H.S.H. 1977. Desired Characteristics of a Bait for
Skipjack Tuna, Katsuwonas pelamis. NOAA Techni-
cal Report NMFS Circular 408, 52-54.



. 17.

. 18.

. 19

. 20.

.21,

. 22,

. 23,

. 24,

. 25.

. 26.

.27,

. 28.

. 29.

ACIAR PROCEEDINGS SERIES
RECENT TITLES

. Australian acacias in developing countries: proceedings of an international workshop

held at the Forestry Training Centre, Gympie, Queensland, Australia, 4-7 August,
1986. John W. Turnbull (ed.), 196 p., 1987.

Ticks and tick-borne diseases: proceedings of an international workshop on ecology
of ticks and epidemiology of tick-borne diseases, held at Nyanga, Zimbabwe, 17-21
February, 1986. R.W. Sutherst (ed.), 159 p., 1987.

Food legume improvement for Asia farming systems: proceedings of a workshop held
at Khon Kaen, Thailand, 1-5 September, 1986. E.S. Wallis and D.E. Byth (ed.), 341
p., 1987.

Technology change in postharvest handling and transportation of grains in the humid
tropics: proceedings of an international workshop held at Bangkok, Thailand, 10-12
September, 1986. B.R. Champ, E. Highley and J.V. Remenyi (ed.), 208 p., 1987.
Management of wild and cultured sea bass/barramundi (Lates calcarifer). proceed-
ings of an international workshop held at Darwin, Northern Territory, Australia,
24-30 September, 1986. J.W. Copland and D.L. Grey (ed.), 210 p., 1987.

Banana and plantain breeding strategies: proceedings of an international workshop
held at Cairns, Australia, 13-17 October, 1986. G.J. Persley and E.A. De Langhe
(ed.), 187 p., 1986.

Bulk handling and storage of grain in the humid tropics: proceedings of an inter-
national workshop, Kuala Lumpur, Malaysia, 6~9 October, 1987. B.R. Champ and
E. Highley (ed.), 296 p., 1988.

Transport of fresh fruit and vegetables: proceedings of a workshop held at CSIRO
Food Research Laboratory, North Ryde, Sydney, Australia, 5-6 February, 1987.
P. Ferrar (ed.), 75 p., 1988.

Smallholder agricultural development in Tonga: proceedings of a workshop held at
the Institute for Rural Development, University of the South Pacific, Nuku’alofa,
Tonga, 12-13 May, 1988. K.M. Menz (ed.), 50 p., 1988.

Fumigation and controlled atmosphere storage of grain: proceedings of an inter-
national conference held at Singapore, 14-18 February, 1989. Bruce Champ and
E. Highley (ed.) (In press).

Economics of fishery management in the Pacific islands region: proceedings of an
international conference held at Hobart, Tasmania, Australia, 20-22 March, 1989.
H. Campbell, K. Menz and G. Waugh (ed.), 169 p., 1989.

Draught animals in rural development: proceedings of an international research
symposium, Cipanas, Indonesia, 3-7 July, 1989. D. Hoffmann, J. Navi and R.J.
Petheram (ed.), 347 p., 1989.

Tropical tree seed research: proceedings of an international workshop held at the
Forestry Training Centre, Gympie, Queensland, Australia, 21-24 August, 1989. J.W.
Turnbull (ed.), 156 p., 1990.

Sulfur fertilizer policy for lowland and upland rice cropping systems in Indonesia:
proceedings of a seminar. (In press).





