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1 INTRODUCTION

This guide to length based stock assessment of Indonesian snapper �sheries was prepared
for The Nature Conservancy's (TNC's) Indonesia Fisheries Conservation Program, in sup-
port of TNC's Deep Slope �Snapper� Fisheries Conservation Project. In the early stages
of this program it was recognized that all stakeholders involved in these �sheries (includ-
ing �shers, buyers, processors, traders, retailers, consumers, managers, NGO workers,
government agencies, scienti�c and educational institutions, etc.) would bene�t from the
development of (1) a dedicated �sh species identi�cation guide for the Indonesian snapper
�sheries, and (2) a guide that explains available tools for length-based assessment of the
status and trends in these �sheries.

The TNC species identi�cation guide for the Indonesian snapper �sheries (Mous et
al., 2017) was produced after taxonomic analysis of catches of deep slope drop line and
bottom long line �sheries in Indonesia between 2014 and 20171.

The species ID guide provides a �rst good inventory of target species in the deep
slope �sheries in Indonesia, with clear images for each target species in the �sheries,
together with correct scienti�c names and a range of common names used in the �sheries
and in the trade. At the completion of this guide, it was also clear that additional
imagery and information on taxonomic characteristics by species would be useful for
correct identi�cation on board, on landing sites and at monitoring stations. A separate
�Species ID Training Manual� (Latumeten et al., 2018) was prepared for this purpose,
providing additional images collected during the TNC snapper program, selected mostly
from the CODRS data base for high quality and best possible presentation and colors of
live or fresh animals2.

The current length-based assessment guide includes simple length-based tools for stock
assessment in the target �sheries, as well as the necessary values of life history param-
eters for the main target species. This guide needs to be used together with the above
mentioned species identi�cation guide, and is meant to:

1. Provide up-to-date science-based information on species and �sheries.
2. Support species speci�c length-based assessments of data poor snapper �sheries.
3. De�ne length-based life history characteristics, to enable length-based assessments.
4. Provide values by species for length-based life history parameters including:

ˆ Maximum attainable total length (Lmax), based on records or estimates from images,
ˆ Asymptotic length (Linf), de�ned as the mean length in a cohort �sh, at the time

when all individuals in that cohort have stopped growing,
ˆ Length at which 50% of individuals are mature (Lmat) and contributing to repro-

duction,
ˆ Optimum length for harvesting (Lopt) of a species in terms of maximizing yield.

5. Provide simple tools for length-based assessments, using the above length-based life
history parameters in combination with catch length frequencies by species.

6. Stimulate discussion on management options among stakeholders and support man-
agement decision making based on length-based assessments.

7. Be readily accessible and comprehensible for all stakeholders mentioned above.

1http://72.14.187.103:8080/ifish/pub/TNC_FishID.pdf
2http://72.14.187.103:8080/ifish/pub/TNC_FishIDTraining.pdf
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2 ESTIMATING VALUES OF KEY LIFE HISTORY PARAMETERS

2.1 Life History Parameter Values and Invariables

With the exception of E. coruscans, some of which (but not all) have a greatly elongated
upper lobe of the tail �n, all length-based information in this document relates to Total
Length (TL ) of the �sh, as measured from the tip of the snout to the longest tip of the
tail �n. For E. coruscanswe have used the tip of the lower lobe of the tail �n to measure
total length. For cross checking of values in the literature on Fork Length (FL ), we have
used literature information onTL/FL conversion factors by species.

Our length-based assessment approach is based on four life-history characteristics or
parameters; Lmax, Linf, Lopt, and Lmat (explained below). Published values for
these characteristics are available for some species but lacking for many. Values for spe-
ci�c species vary between publications and are often unreliable due to misidenti�cations
and/or sampling bias issues (small samples which lack the larger specimen). We therefore
used an estimation procedure based on life history invariable values, which only requires
accurate knowledge on Lmax, the maximum attainable size of each species, in combina-
tion with family-speci�c relationships (life history invariables) between Lmax and each
of the other parameters. Meta-analysis results from the literature are available to obtain
values for life history invariables for various ranges of species. This approach is gaining
increasing interest in the scienti�c community (e.g. Nadon and Ault, 2016) and provides
the breakthrough allowing accurate length based assessments of data poor �sheries.

2.2 Maximum Total Length

Maximum attainable total length (Lmax) by species was estimated from a range
of information sources, including published values, lengths of trophy �sh, anecdotal in-
formation and an ever increasing amount of data from our �sheries monitoring work.
Published values of maximum size were treated carefully as there are many issues with
species identi�cation, while under-estimation of Lmax is common in many publications
that look only at small samples from intensively �shed stocks.

For some species larger maximum sizes are attained at greater latitudes in cooler
waters. When analyzing information from literature or images from the internet, we
included only sizes of �sh that were observed at latitudes within or close to the range
covered by Indonesian �shing grounds. Maximum attainable total length in this document
refers to maximum attainable total lengths at latitudes overlapping with or close to those
of Indonesian �shing grounds.

By early 2017 our Crew Operated Data Recording System (CODRS) had produced
over a quarter million images of the top 100 most abundant species from deep slope
�sheries catches. With this huge sample size we were able to determine the sizes of the
very largest specimen caught of each species, and determine their ID from CODRS images.
For several species we found �sh that were larger than previously reported for our region.
In some other cases we had to decide on values for Lmax which were below sizes previously
reported, mainly when we could not obtain con�rmation on correct species ID for values
presented in literature or on line. For many species we were able to verify estimates based
on reliable information from nearby Australian �shing grounds or we obtained CODRS
images proving maximum sizes to be obtained above what was previously reported.
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2.3 Asymptotic Length

Our next life history characteristic, the �asymptotic length � (Linf ), is de�ned here
as the mean length in a cohort of very old �sh (a cohort of in�nite age). As such it
is by de�nition smaller than the maximum length obtained within the population of a
speci�c species. This asymptotic length, or the mean length at in�nite age, is one of the
growth parameters in the well known Von Bertalan�y growth equation. Without further
exploring that equation, it is important to remember that we de�ne Linf here as the mean
length in the oldest cohort in the population. This asymptotic length of each species is an
important parameter in �sheries assessment methods and management decision support
models.

We have extensively used literature information and sometimes found under-estimation
of Linf for target species that are heavily �shed, probably due to the limited size range
in the catch. Under-estimation due to misidenti�cation of species also occurs in the
literature. Over-estimation was also found, possibly again due to misidenti�cation or
due to other issues with input data used to estimate Linf. As a general rule though, as
con�rmed from data in published meta-analysis, we found that Linf could very well be
estimated as 90% of the maximum length, Lmax (e.g. Nadon and Ault, 2016).

A rule of thumb relationship �Linf = 0.9 * Lmax � can be explained by Lmax being
the largest �sh we observe, at about 1 standard deviation longer than Linf, in cohorts
of �sh with length frequencies that have a standard deviation of about 10% of the mean
length. We could assume that in general we do not get to observe the very largest �sh in
the population, as that really is the needle in the oceanic hay stack, and, probably more
importantly, hardly any �sh in this day and age actually survives to reach its potential
maximum size. This estimation method (Linf = 0.9 * Lmax) was applied by us in this
guide, to ensure we have realistic parameter values for all species even in our data-poor
environment.

2.4 Length at Maturation

The value of Linf (above) is important in the estimation of values of additional length-
based life history characteristics for each target species, like thelength at maturation
(Lmat ). Lmat is de�ned here as the smallest length class at which 50% of the individuals
(in that length class) are mature. Size at maturity is a particularly important parameter
used to assess and evaluate the impact of �shing mortality on the spawning stock and to
determine levels of optimum �shery yield.

Information on length at maturation was collected from a wide variety of sources for the
target species in this guide. General trends were found for various families including those
containing the most important target species, starting with the Lutjanidae (snappers).
An important characteristic of snapper reproductive biology is that they do not change sex
during their life (whereas several other families of �sh do, see below). Sexual dimorphism
is rare in snappers, only reported for coloration in two species of the genus Pristipomoides
from the Indo-Paci�c.

An important meta-analysis of all available information on life history parameters for
Lutjanidae was published by Martinez-Andrade in 2003. This researcher developed a
data base with parameter values for a wide range of species and collected information

5



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

on relationships between the various parameters to make estimates where values were
missing. For example for the sub-family of Lutjaninae (snappers) a strong correlation
between Lmat and Linf was found from the meta-analysis and Lmat was estimated for
these species by Martinez-Andrade from Lmat = 0.52 * Linf (Figure 1).

Figure 1. Length at maturity vs. asymptotic length in the family of Lutjanidae.

Over the decade after Martinez-Andrade published the relationship between Lmat and
Linf for a wide range of snappers, small and large, shallow and deep water species, a lot
more work was done on species identi�cation and much more information has become
available for deep water snappers. This enabled Newman and others (2016) to further
re�ne the relationship for deep water snappers asLmat = 0.59*Linf . As we are ana-
lyzing deep slope �sheries at depths below 50 meters in our program, we have adopted
this life history invariable value and in this guide we use the general assumption that the
snappers targeted by our deep slope �sheries mature at about 59% of their
asymptotic length . This assumption was veri�ed species by species, using a range of
information sources, and was shown to hold for those species in our �sheries, for which
reliable direct information on maturation was available.

Epinephelidae (groupers) in general mature initially as females and later in life change
sex to males. This explains certain characteristics of grouper populations. Males tend to
be larger on the average than females and there is usually an overall sex ratio in favor of
females. There is some overlap in size distributions between males and females in most
groupers, suggesting that sex change can occur over a size range rather than occurs at a
very narrow size class. Size at sex change may be partly in�uenced by sex ratio in the
population and sex change from female to male may occur at smaller sizes when larger
males are rare or absent from the population.

6



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

After looking at information on maturation for a range of species of deep water
groupers we concur with Newman and others (2016) that�deep water� groupers ma-
ture as females at a size around 46% of Linf . We de�ne deep water groupers here as
those species of Epinephelidae which commonly occur in deep slope �sheries catches, from
waters deeper than 50 meters. We de�ne Lmat in groupers as the female maturation size
which is estimated fromLmat = 0.46*Linf . For most groupers sex change from female
to male seems to start at around 1.33*Lmat (1.33 times size at female maturation), after
the cohort has reached maximum biomass and therewith maximum fecundity. It makes
evolutionary sense that sex change from female to male would not start earlier.

Many Lethrinids (emperors) can undergo sex change from female to male. But not
all individuals seem to follow this pattern and both sexes are found over a range of sizes
above the size of �rst maturity. Some species, like spangled emperor, sometimes change
sex from female to male before they reach maturity (if they are going to change sex
at all) and females and males can mature at around the same length. In general there
is considerable overlap in size distributions between males and females in most emperor
species, and for purposes of emperor �sheries management, it is more meaningful to de�ne
a length at maturity by species only, rather than separately for the sexes.In general
emperors seem to be maturing at about 50% of their asymptotic length . We
have usedLmat = 0.5*Linf on the basis of a review of a range of information sources
and applied this for our estimates of size at maturity in emperors. In most if not all
cases, this general assumption showed good overlap with published ranges for maturity
in emperors.

From sketchy available information we extrapolated that for most other species in our
target list our best possible estimate for length at maturation would be around 50% of
the asymptotic length, as found also for emperors. Starting from the meta-analysis of
snappers by Martinez-Andrade (2003) right through a range of other information sources
on length at maturation, a constant of about 50% of Linf was found to be our best
estimator for length at maturation in most of our target species, except for the deep
water snappers and groupers. This estimator is also con�rmed by a relationship of Lmat
= 0.461 * Lmax reported from another meta-analysis by Binohlan and Froese (2009).
One exception to this general rule may exist for larger Carangids which are also found in
the catches of the deep slope �sheries. Reliable and precise information however is scarce
and we did not �nd enough detailed information to deviate from the general 50% rule for
carangids either.
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Figure 2. The biomass of a cohort of (imaginary) �sh in an un-�shed situation reaches
its maximum at an age (and at the related size of the �sh in the cohort) where growth of
individuals has slowed down to the point that it does not make up anymore for biomass
loss through natural mortality.
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2.5 Optimum Harvest Size

The �nal length-based life history characteristic that we will be using in our length-based
assessment method is thelength class with the highest biomass in an un-�shed
population (Lopt) . It is at this length (and corresponding age) that the biomass
expressed as the number of survivors (in an un-�shed cohort) multiplied with their average
weight reaches a maximum (Figure 2). A �shery will obtain the maximum possible yield
if it catches �sh mainly around this size. Thus, �sheries managers should strive to adjust
the mean length (or median length) in their catch towards this value.

Reproductive output in terms of total number of eggs (fecundity) is also optimized
at this length (Lopt), where the biomass of the un-�shed cohort is maximized. So also
from a perspective of maximizing recruitment to the �shery, managers would strive to
focus their �shery on size classes around Lopt (well beyond Lmat). And for sex-changing
groupers it is important that cohorts are not decimated before su�cient individuals have
changed sex from female to male, a process which begins around the size of Lopt.

Lopt can be estimated from empirical relationships between Lopt and Lmat. Lopt for
catching a range of demersal �sh species could be estimated as 1.33 * the length where
50% of the �sh are mature (Lopt = 1.33 * Lmat ), based on the median values for this
life history invariable (Lmat/Lopt = 0.75) over a range of demersal species (Cope and
Punt, 2009). We have chosen to use this estimator of 1.33*Lmat for Lopt as the Cope
and Punt (2009) study seemed to be one of the best researched situations in terms of
estimating Lopt for a group of species with comparable biology and life history.
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3 VERIFICATION OF LIFE HISTORY PARAMETER VALUES

Before applying estimates for parameter values resulting from life history invariants in
length based assessments of the �sheries, we veri�ed those values �rst with available
data from other studies done in Indonesia or at comparable latitudes. This comparison
is presented below for the most important and most abundant species in our �sheries.
For the estimate of Lmax, the growing data set of close to1 Million CODRS images
(by late 2018) has become an increasingly important tool for veri�cation. For a number
of species, we observed maximum sizes larger than what was previously reported from
Indonesia or from latitudes comparable to Indonesia. In these cases we could use our
CODRS images directly to establish our estimates for Lmax.

For an increasing number of species, by late 2018 CODRS images are showing sizes
in the catch near to the estimated maximum attainable size. Sizes above Linf, although
very rare in the population, have been found for most species. Linf is the mean size in the
cohort when it stops growing and therefore a size more common in the population than
the actual maximum obtainable size. We would expect, with great sampling e�ort and at
large sample sizes, to ultimately at least �nd specimen with sizes around Linf. From the
current study it seems that specimen at sizes close to Lmax, although extremely rare in
heavily �shed situations, can be found when sample sizes start rising close to 2,000 �sh
of any given species, in �sheries with broad selection curves.

A number of important Lutjanus species have been traded as a general group combined
under �Red Snappers� since many years. This includes the Malabar Snapper,Lutjanus
malabaricus, as the number 1 most abundant species in the catch and also the most
important species in terms of volume in the Top 100 of our �sheries (Table 3.1). Other
important �red snappers� includeL. erythropterus, L. sebaeand L. timorensis, which take
positions, 6, 12 and 17 respectively in ranking by abundance. Several other species of
Lutjanus are included in the Top 100, including one more at position number 10,Lutjanus
vitta, which is not red in color and which is (perhaps therefore) less preferred in the
trade. Less abundant Lutjanus species which are often mixed into Red Snapper products,
especially into �lleted products, include L. argentimaculatus, L. bohar, L. gibbus, L.
johnii , L. bitaeniatus, L. lemniscatus and L. russelli.

We have focused on the most important and most abundant species to verify our life
history parameter value estimates. Our number one most important species,Lutjanus
malabaricus, can reach a maximum Total Length of 95 cm in Indonesian waters as con-
�rmed from a specimen of 94 cm TL in a data set with well over 165,000 CODRS images
by late 2018. This maximum size of 95 cm is very similar to what is reported for Northern
Australian waters (Rome & Newman, 2010) and elsewhere in the literature.

Lmat, or the size at maturity, is de�ned as the smallest size class where at least 50% of
the population reaches maturity. Using 0.59*Linf as the estimator for Lmat in deep water
Lutjanidae (Newman et al, 2016), we could estimate a length of 50 cm Total Length (TL)
as Lmat for Lutjanus malabaricusin Indonesia. A fairly wide range of values is reported
in the literature on length at 50% maturity. Our estimate of 50 cm for Lmat �ts well
within the reported range and is close to estimates reported from Vanuatu as well as from
Northern Australia and the Arafura Sea (Martinez-Andrade, 2003).
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Table 3.1: Ranking, Sample Sizes and Sample Weights over All Years of 50 Most Abundant Species
in Indonesian Deep Water Hook-And-Line Fisheries

Rank ID# Species Nsample Cum N % Cum % W Cum W Lx-codrs Lmax
1 17 Lutjanus malabaricus 227298 227298 17.44 17.44 599060 599060 94 95
2 7 Pristipomoides multidens 208063 435361 15.97 33.41 396278 995338 91 95
3 8 Pristipomoides typus 111986 547347 8.59 42.00 140019 1135358 85 85
4 45 Epinephelus areolatus 93021 640368 7.14 49.14 40448 1175806 50 50
5 100 Atrobucca brevis 55574 695942 4.27 53.41 47593 1223399 75 75
6 21 Lutjanus erythropterus 50029 745971 3.84 57.25 76094 1299493 70 70
7 9 Pristipomoides �lamentosus 39373 785344 3.02 60.27 58387 1357881 88 90
8 64 Lethrinus laticaudis 37399 822743 2.87 63.14 62554 1420434 63 65
9 27 Lutjanus vitta 34116 856859 2.62 65.76 10919 1431354 43 45
10 1 Aphareus rutilans 32508 889367 2.49 68.25 98633 1529987 115 115
11 34 Paracaesio kusakarii 27574 916941 2.12 70.37 47923 1577911 85 85
12 4 Etelis sp. 25796 942737 1.98 72.35 94389 1672300 125 125
13 18 Lutjanus sebae 25356 968093 1.95 74.30 52023 1724323 96 100
14 6 Etelis coruscans 19542 987635 1.50 75.80 33733 1758056 120 120
15 10 Pristipomoides sieboldii 18983 1006618 1.46 77.26 12313 1770369 55 55
16 22 Pinjalo lewisi 18722 1025340 1.44 78.70 10984 1781353 58 60
17 70 Gymnocranius grandoculis 17655 1042995 1.36 80.06 31535 1812888 76 80
18 19 Lutjanus timorensis 17005 1060000 1.31 81.37 15433 1828322 60 60
19 90 Diagramma pictum 13547 1073547 1.04 82.41 20725 1849046 81 85
20 63 Lethrinus lentjan 10741 1084288 0.82 83.23 8614 1857660 55 55
21 91 Pomadasys kaakan 10523 1094811 0.81 84.04 16169 1873829 64 65
22 75 Carangoides chrysophrys 9359 1104170 0.72 84.76 15749 1889578 80 80
23 35 Paracaesio stonei 8326 1112496 0.64 85.40 10774 1900352 70 70
24 69 Wattsia mossambica 8300 1120796 0.64 86.04 8522 1908874 60 60
25 5 Etelis radiosus 7843 1128639 0.60 86.64 22154 1931028 115 115
26 23 Pinjalo pinjalo 7119 1135758 0.55 87.19 5428 1936456 77 80
27 77 Caranx bucculentus 6912 1142670 0.53 87.72 11362 1947818 72 75
28 50 Epinephelus coioides 6409 1149079 0.49 88.21 37946 1985764 119 120
29 39 Cephalopholis sonnerati 6180 1155259 0.47 88.68 5537 1991300 55 55
30 15 Lutjanus argentimaculatus 6028 1161287 0.46 89.14 22057 2013358 95 95
31 32 Paracaesio gonzalesi 5430 1166717 0.42 89.56 6049 2019406 54 55
32 85 Erythrocles schlegelii 5111 1171828 0.39 89.95 11550 2030956 90 90
33 24 Lutjanus johnii 4977 1176805 0.38 90.33 12202 2043158 90 90
34 80 Caranx sexfasciatus 4917 1181722 0.38 90.71 16486 2059644 90 90
35 84 Seriola rivoliana 4902 1186624 0.38 91.09 19908 2079552 132 135
36 43 Epinephelus morrhua 4721 1191345 0.36 91.45 4748 2084299 71 75
37 25 Lutjanus russelli 4565 1195910 0.35 91.80 2962 2087261 53 55
38 72 Carangoides coeruleopinnatus 4399 1200309 0.34 92.14 6458 2093720 69 70
39 88 Glaucosoma buergeri 4341 1204650 0.33 92.47 8031 2101751 70 70
40 89 Diagramma labiosum 3986 1208636 0.31 92.78 8430 2110182 78 80
41 66 Lethrinus olivaceus 3983 1212619 0.31 93.09 16044 2126226 97 100
42 2 Aprion virescens 3980 1216599 0.31 93.40 16848 2143073 107 110
43 46 Epinephelus bleekeri 3699 1220298 0.28 93.68 9118 2152192 79 80
44 67 Lethrinus amboinensis 3627 1223925 0.28 93.96 2847 2155039 57 60
45 60 Plectropomus maculatus 3511 1227436 0.27 94.23 12442 2167481 84 85
46 16 Lutjanus bohar 3509 1230945 0.27 94.50 10233 2177714 88 90
47 33 Paracaesio xanthura 3258 1234203 0.25 94.75 2610 2180324 52 55
48 58 Epinephelus amblycephalus 3185 1237388 0.24 94.99 8428 2188752 78 80
49 76 Carangoides gymnostethus 3085 1240473 0.24 95.23 4848 2193600 86 90
50 41 Epinephelus latifasciatus 3041 1243514 0.23 95.46 13853 2207453 107 110

Nsample is total sample of CODRS data from 2015 to the present date. Lx-codrs = Largest specimen with

veri�able ID and size from CODRS photo. Lmax = maximum attainable total length at Indonesian lattitudes.

Linf = 0.9 * Lmax (with 10% dispersion around mean size in cohort). Lmat = Size at 50% maturity. Lmat =

0.59 * Linf for deep water lutjanidae (Newman et al., 2016). Lmat = 0.46 * Linf for deep water Epinephelidae

(Newman et al., 2016). Lmat = 0.5 * Linf for Other Species (pooled literature). Lopt = 1.33 * Lmat for range

of demersals (Cope and Punt, 2009). All sizes in Total Length. Wmat = Weight at 50% maturity in gram.
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The Crimson Snapper,Lutjanus erythropterus, is next in line for the Lutjanus species,
at number 6 in the Top 100 most abundant species in catches by our �sheries. This red
snapper can reach a maximum Total Length of 70 cm in Indonesian waters, although
smaller maximum sizes are reported from Australia. Our CODRS data con�rmLutjanus
erythropterus in the catch of up to 70 cm. The estimated asymptotic length is 63 cm
and size at 50% maturity for this snapper is 37 cm. This estimate for size at maturity
is completely in line with Lmat sizes reported from the Great Barrier Reef in Australia
(Martinez-Andrade, 2003).

The highly priced Lutjanus erythropterus is often mixed in the red snapper trade with
the poorly known and only recently (1987) described but highly abundant Slender Pinjalo
(or Red Pinjalo), Pinjalo lewisi, which is number 13 in our Top 100, a very high ranking
for a species that was described only 30 years ago. Additional mixing takes place with
the larger and better known Pinjalo Snapper,Pinjalo pinjalo, which is less abundant in
catches by our target �sheries.Pinjalo lewisi grows to a maximum length of 60 cm in
Indonesian waters, slightly larger than commonly reported in the literature. This can be
veri�ed from our CODRS images showing specimen up to 58 cm in Total Length. Little
is known about this abundant snapper species, but size at maturity is commonly assumed
to follow the same trend as observed for other species of Lutjanidae.

Other important red snappers include the Red Emperor,Lutjanus sebae, which is
ranked number 12, and the Timor Snapper,Lutjanus timorensis, which is number 17 in
the Top 100 list. Both these species are commonly mixed with other red snappers in the
trade but could in fact be separated out quite easily based on visible external di�erences.
The Red Emperor and the Timor Snapper can grow to maximum Total Lengths of 100
cm and 60 cm respectively. These maximum sizes were veri�ed by our CODRS data (96
cm and 60 cm respectively for maximum observed sizes) and fully in line with Northern
Australian waters (Rome and Newman, 2010) as well as from other studies. Estimated
asymptotic lengths of 90 cm and 54 cm respectively forLutjanus sebaeand Lutjanus
timorensis are also well within the range of available literature values (e.g. Martinez-
Andrade, 2003).

Literature values for length at 50% maturity forLutjanus sebaemostly range between
48 cm and 55 cm Total Length for our latitudes (e.g. Martinez-Andrade, 2003), placing
our estimate of 53 cm for this species well within this range. Information on size at matu-
rity for Lutjanus timorensis is scarce, but limited information shows mature individuals
of both sexes to be common at sizes above 28 cm Fork Length which aligns very well with
our estimate of 32 cm Total Length for Lmat in this species.

The second most abundant species in the deep slope drop- and long-line �sheries
for snappers, groupers and emperors in Indonesia is the Goldband Snapper or Goldband
Job�sh, Pristipomoides multidens. This species is generally assumed to reach a maximum
size of more than 90 cm Total Length and this could be veri�ed by us for Indonesian
waters with a 91 cm specimen which was the largest �sh in a total sample of close to
175,000 CODRS images for this species by late 2018. With our method of estimating
the asymptotic size for our target species this means an estimated Linf of 86 cm for
Pristipomoides multidensin Indonesia. This would be the mean size in the cohort if it
was left to live and grow in�nitely. Multiple specimen at and above Linf were present in
the very large CODRS data set by late 2018.
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Again using 0.59*Linf as the estimator for Lmat in deep water Lutjanidae, we could
estimate a length of 50 cm Total Length (TL) as Lmat forPristipomoides multidensin
Indonesia. This species is reported to �rst start maturing at a minimum size of 38 cm
TL in Indonesian waters (Hukom et al., 2006), and literature values for Lmat generally
range from around 40 cm TL up to 55 cm TL for latitudes comparable to Indonesia
(MartinezAndrade, 2003; LIoyd, 2006; Newman et al., 2016). Our estimate of 50 cm for
Lmat (where at least 50% of the population reaches maturity) inPristipomoides multidens
is in the middle of this reported range.

There is less information available on the co-occurring and very similar Sharptooth
Job�sh, Pristipomoides typus, which is the third most abundant species in the �sheries.
This species is very similar to the Goldband Snapper, often mixed in the trade, and
there is no reason to assume di�erent values for life history invariable values. Rome and
Newman (2010) report a maximum size of 80 cm from Northern Australia, but somewhat
larger �sh of 85 cm TL were encountered in our CODRS program. Therewith a highly
reliable estimate of 85 cm for the maximum size followed for this species. Resulting values
for Linf, Lopt and Lmat followed from the above explained approach.

The number 5 among most abundant species in the combined catches from drop-
and long-line �sheries in Indonesia is the Rosy Job�sh or Opakapaka,Pristipomoides
�lamentosus. This species is reported to grow up to 80 cm in Northern Australia, but
specimen have already been encountered up to 88 cm TL in Indonesia, leading to an
estimated maximum Total Length in our waters of about 90 cm. This then leads to an
estimate for Linf of 81 cm and Lmat of 48 cm Total Length which is well within the range
of values reported in the literature for this species from comparable latitudes (reviewed
a.o. by Martinez-Andrade in 2003 and by Newman et al. in 2016).

Another important species of Pristipomoides in the deep drop-line and bottom long-
line snapper �sheries is the Lavender Job�sh or Kalekale,Pristipomoides sieboldii. This
species is ranked number 14 on the list of most abundant species in our target �sheries.
The largest Lavender Job�sh recorded in our CODRS program was 55 cm TL, in a sample
of close to 16,000 images collected by late 2018. This is similar to what is estimated as
the maximum size for this species in Northern Australian waters. Martinez-Andrade
(2003) reported a mean value of 30 cm TL from a range of literature values for Lmat in
Pristipomoides sieboldii. This aligns very well with our estimate of 29 cm TL following
the application of the life history invariant approach.

There are four more species of Pristipomoides in the Top 100 species distribution
covering the deep slope catches by drop-line and long-line vessels in Indonesia. These
species arePristipomoides �avipinnis, P. argyrogrammicus, P. zonatus, and P. auricilla .
These species are not abundant or important in the catch and they are not as well studied
as the more abundant species mentioned above. But still we could con�dently estimate
their life history parameters based on what we know about the maximum attainable size
and the good �t of the model for all the other species above.

The 8th most abundant species in the deep slope drop-line and bottom long-line �sh-
eries is the Rusty Job�sh or Lehi,Aphareus rutilans, which ranks number 4 by volume
in our �sheries (Table 8.3). This is a large semi pelagic and fast swimming deep wa-
ter snapper which grows to a maximum size of about 115 cm TL in Indonesian waters.
Aphareus rutilans is generally assumed to grow to a maximum size of 110 cm (Anderson,
1986) but our CODRS images show that larger sizes are attainable. The largest specimen
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recorded among over 27,000 images from our CODRS program by late 2018 measured 112
cm TL. Martinez-Andrade (2003) reported a maximum attainable size of 126 cm TL as
the mean value from a number of studies, but this value was in�uenced by one extremely
high value reported from the Northern Marianas. Sizes above 115 cm TL could not be
veri�ed for our general latitude. The asymptotic length for this species as estimated from
0.9*Lmax is 104 cm for Indonesian waters. Our estimate for length at 50% maturity in
this species is 61 cm and this again aligns very well with pooled data (58 cm TL) reported
by Martinez-Andrade (2003).

The deep water snappers of the genus Etelis are very important species in our target
�sheries, especially in catches from the deepest part of the depth range that is exploited
mostly by drop line �shers in Eastern Indonesia. The Ruby Snapper or Ehu, Etelis
carbunculus, was recently discovered to be a separate small species that until a few years
ago was mixed with a very similar but much larger species, the Giant Ruby Snapper,Etelis
sp., which is yet to be scienti�cally named although it has been exploited throughout the
Paci�c for many years.

The true Etelis carbunculusgrows to a maximum size of about 60 cm and its asymp-
totic length is about 54 cm. The largest specimen encountered in our CODRS program to
date was 56 cm which aligns again very well with estimates for Linf and Lmax. Estimated
Total Length at 50% maturity is 32 cm using the life history invariable approach. Litera-
ture data from Hawaii indicate a size at 50% maturity of 28 cm Fork Length (Demartini
and Lau, 1999) for this species, which equals about 31 cm Total Length and thus aligns
very well.

Whereas the Ruby Snapper,Etelis carbunculus, turned out to be an uncommon species
in Indonesian deep slope catches, the Giant Ruby Snapper,Etelis sp., even though yet to
be named scienti�cally, shows as the 11th most abundant species in the catch. Due to its
large average size compared to other species, it is much more important yet in total weight,
ranking number 5 by volume in the �sheries (Table 8.3). Due to the recent developments
in the taxonomy in the two species of Etelis, there are no literature references that allow
for direct comparison of life history parameters forEtelis sp. However, we can look at
values previously reported forEtelis carbunculuswhich clearly do not belong to that
species if they are outside the maximum size it can reach.

The Giant Ruby Snapper,Etelis sp., can reach a maximum Total Length of at least
125 cm in Indonesian waters, close to what is reported for neighboring North Australian
waters, where it was also misidenti�ed asEtelis carbunculus(Rome and Newman, 2010).
The largest Giant Ruby Snapper out of a CODRS sample of close to 22,000 specimen
caught and photographed by Indonesian �shers (by late 2018) measured 125 cm. Appli-
cation of the life history invariant approach resulted in an estimate of 66 cm for the Total
Length at 50% maturity for this species. Polovina and Shomura (1990) reported 61 cm
Fork Length as the size at maturity forEtelis carbunculuswhich we now know must have
been Etelis sp. This 61 cm Fork Length converts to 67 cm TL and aligns very closely
with the estimate of 66 cm TL that we obtained from the life history invariant approach.
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The other 2 Etelis species in the Indonesian deep slope �sheries are the Flame Snapper
or Onaga,Etelis coruscans, and the Pale Snapper,Etelis radiosus. The Flame Snapper,
Etelis coruscansis an important and well known target species, ranked number 15 in
order of abundance in the catch. The Pale Snapper,Etelis radiosus, is less abundant
and was only more recently described. Little research has been done onEtelis radiosus,
which is ranked number 22 in the Top 100 for our �sheries and which has previously been
mixed with other Etelis species both in the trade and in �sheries research. Fortunately
we can con�dently apply life history invariant approach to estimate parameter values
from its maximum size of 115 cm, quite a bit larger than what was previously reported
for this species but veri�ed by CODRS images of specimen reaching up to 115 cm in the
Indonesian deep slope catches.

Because of great variance in relative length of the long upper lobe (the �ame) of the
tail �n in Etelis coruscans, we decided to measure Total Length up to the tip of the lower
lobe, which has a much more stable relative length. This may cause some discrepancy
with values for Total Length reported elsewhere in the literature, although Fork Length
is more often used and we can still convert that for reliable comparisons. The maximum
size attained in Indonesia forEtelis coruscansis about 120 cm measured to the tip of the
lower lobe of the tail, which could be veri�ed with CODRS data showing specimen up to
120 cm in the catch. The estimated length at 50% maturity for this species is 64 cm Total
Length from the life history invariant approach. This estimate falls well within a range of
values reported in the literature for this species (Everson et al., 1989; Martinez-Andrade,
2003, Newman et al., 2016).

Apart from the high priced red snappers, gold band snapper and other well known
deep water snappers in the Top 20 most abundant list, there are a number of poorly
known snapper species that are under-appreciated in the trade, possibly due to their
dull colors, although eating quality is very good for all these �sh. These very common
but not well known species include the Brownstripe Snapper,Lutjanus vitta, at number
10, the highly abundant Saddle Back Snapper,Paracaesio kusakarii, at number 9, its
closely related cousin, the Cocoa Snapper, only recently (1983) described asParacaesio
stonei, at number 21 and the Vanuatu Snapper,Paracaesio gonzalesi, at number 27. The
maximum attainable lengths in Indonesian waters for these 4 species are 45 cm, 85 cm,
70 cm and 55 cm respectively. Somewhat larger than commonly reported in the literature
(although P. kusakarii and P. stonei have been mixed up in some reports) but clearly
veri�ed from CODRS data and images showing specimen in the catch up to 43 cm, 85
cm, 70 cm and 51 cm respectively for these 4 snappers.

Our data therefore provide strong support for estimates of asymptotic lengths of 41
cm, 77 cm, 63 cm and 50 cm respectively for these 4 poorly known but abundant species.
Our estimate of Lmat for the Brownstripe Snapper (24 cm) is the same as what was
reported from Malaysia while similar sizes (23 cm) were reported from the Philippines
and Northern Australia (Martinez-Andrade, 2003). Very little is known about maturation
in the Paracaesio species, but FishBase quotes a report on Lmat forP. stonei at 40 cm,
which is just above our estimate of 37 cm for this species and just below our estimate of
45 cm forP. kusakarii. It is unclear however if mixing of these two very similar species
may have occurred in quoted studies. We have found no reason to assume that life history
invariant values in these species would di�er from those in other snappers.

15



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

The Areolate Grouper or Squaretail Rockcod,Epinephelus areolatus, is the most abun-
dant species of grouper (Epinephelidae) in the deep slope �sheries in Indonesia. And it
is also the fourth most abundant species in these �sheries overall. Also for the groupers
we found that the parameter values estimated with the life history invariant approach
are aligned very well with reliable values for important and well researched species.
Epinephelus areolatusis widely reported to grow to a maximum size of 50 cm and this
value is also veri�ed by our CODRS observations which show the largest �sh in the sample
of close to 70,000 specimen (by late 2018) to measure 50 cm Total Length. With above
explained approach of estimating Linf and Lmat this results in an estimated length at
50% female maturity for this species of 21 cm Total Length which also fully aligns with
available literature values.

For some species of groupers the estimated maximum attainable size as reported in
various literature sources does not seem to be supported by any veri�able data, such as
for example forEpinephelus morrhua, the 3rd most abundant grouper in the deep slope
�sheries in Indonesia and number 30 in the Top 100 of all species. Excessively large values
for Lmax appear in the literature for this species are possibly due to mis-identi�cations.
We found an estimate of 75 cm to be closest to what we could verify, and this number
was con�rmed in a review published by SPC in 1997 (Shakeel and Hudha, 1997).

The most abundant species of emperors in our target �sheries are high quality food
�sh which are however not well known as speci�c species in the trade. They are usually
classi�ed generally as emperor or sometimes even as white snapper. The Grass Emperor,
Lethrinus laticaudis, is the most abundant emperor ranked very high at number 7 on
the list. The Blue-Lined Large-Eye Bream,Gymnocranius grandoculis, comes second at
number 16, while the Mozambique Large-Eye Bream,Wattsia mossambicamakes the top
20 at number 20. The maximum attainable sizes for these three emperors are 65 cm, 80
cm and 60 cm Total Length respectively in Indonesian waters.

For Lethrinus laticaudis, there is no evidence that a maximum size of 80 cm, as reported
from Australia (Rome and Newman, 2010), could be obtained in Indonesia. The more
commonly reported maximum size of 56 cm (IUCN Red List, Fishbase) for this species,
however is easily exceeded as shown from our CODRS images containing specimen up
to 63 cm by late 2018. This results in our current estimate of 65 cm for maximum
size in this species. The maximum size forGymnocranius grandoculisin our waters (80
cm) is the same as what is reported for North Australian waters (Rome and Newman,
2010). Our number 3 emperor,Wattsia mossambica, is assumed to grow up to just 55
cm in Australia while our CODRS data (with �sh up to 59 cm Total Length) show that
somewhat larger sizes are attained in Indonesia. CODRS data forLethrinus laticaudis,
Gymnocranius grandoculisand Wattsia mossambicaup to 63 cm, 76 cm and 59 cm
respectively, strongly support our estimates of 65 cm, 80 cm and 60 cm for Lmax and 59
cm, 72 cm and 54 cm for Linf in these 3 species respectively.
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The Barred Javelin,Pomadasys kaakan, is a common species in the long line �sheries
on the shelf areas in the Arafura Sea in WPP 718 and in the Southern parts of WPP
715 as well as possibly in the Java Sea and South China Sea in WPP 712 and 711.
Ranked number 24 in abundance in the catch, the Barred Javelin grows to a maximum
Total Length of 65 cm in Indonesian waters for as far as we can currently verify from
available images and reports. A somewhat larger maximum size of 80 cm was reported
for North Australian waters (Rome and Newman, 2010) but could so far not be con�rmed
for Indonesia. The largest specimen recorded in our CODRS program was 63 cm TL.
Pomadasys kaakanis estimated to mature (50%) at about 29 cm Total Length following
the application of the life history invariant approach, and this value is in the middle of
the range reported in the literature.

The above described species cover most of the Top 20 and some more of the most
abundant species in the catch of our �sheries. These species also cover close to 85%
of the catch and therewith we have been able to verify the validity of the life history
invariant approach for the major part of the catch. This was possible through cross-
checks with reliable literature and though validation of Lmax and Linf estimates directly
from our own CODRS images. These CODRS images have shown maximum sizes reached
by target species sometimes to be in excess of what has previously been reported.
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4 A SIMPLE LENGTH-BASED ASSESSMENT TOOL

4.1 Di�erentiating between Catch Categories

As the basis for a simple length-based assessment tool for the data poor deep slope
�sheries, we can now obtain values for all key length-based life history characteristics
for all species in our target list. And by overlaying these values over accumulated catch
length frequencies, we can �split� the catch of each species in major �catch categories�,
for example including:

1. % in the catch < Lmat,
2. % in the catch >= Lmat but < Lopt, and
3. % in the catch >= Lopt.

These �catch categories� are (1) the percentage of �sh in the catch (in terms of num-
bers) that never reached maturity, (2) the percentage that reached maturity but never
reached the optimum harvest size, and (3) the percentage of �sh in the catch that has
reached the optimal harvest size and lived to grow beyond that.

Looking at these percentages for an accumulated catch length frequency (over a year)
will give us an indication of the current impact of the �shery by species. If mostly
immature �sh are included in the catch, for example, there is reason for concern and a
closer look. Following the same percentages over time (from year to year) also enables
us to look for signs of improvement (for example increasing percentage in category 2,
while the percentage in category 1 decreases) or note signs of deterioration (increasing
percentages in category 1 for example).

4.2 Plotting Results from Length-Based Assessments

Using key length-based life history characteristics for our target species, we are now able
to apply a simple tool for the analysis of length frequency distributions in the landed
catches, therewith stimulating a focused discussion among stakeholders on the impact
and status of the �sheries. We can start with visualizing the accumulated catch (for
example over 1 year) in terms of the lengths of the �sh in relation to the values of the key
life history characteristics. The position and shape of the length frequency distribution
relative to the positions of these values gives us a �rst tool to start our length-based
assessment. As a next step, we can plot the percentages from multiple years in each of
the �catch categories� in a line graph to see how the situation develops over time.

Figures 3 and 4 are examples of such plots with length frequency distributions of
landings ofLutjanus fantasticus, an imaginary species of snapper. Figure 3 shows a plot
for a situation where a large percentage of the �sh in the catch is still immature and was
removed by the �shery before being able to spawn or reach their full growth potential.
Figure 4 shows a situation where relatively more �sh in the catch are already mature,
have therefore spawned before being caught and are closer to the optimum length for
harvesting that species. Figures 5 and 6 are examples of plots with percentages of the
catch categories over multiple years. Figure 5 shows a situation where initially mostly
juvenile snappers were caught, while in later years the catch shifts to more adult and
larger animals. Figure 6 shows a situation where initially mostly large �sh were caught
but eventually only juveniles remain.
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Figure 3. Catch length frequency distribution of Lutjanus fantasticus for an example
situation where a large percentage of the �sh in the catch is still immature and was
removed by the �shery before being able to spawn or reach the full growth potential.
This is an example of a situation with over�shing including the targeting of juveniles.

Figure 4. Catch length frequency distribution ofLutjanus fantasticus for an example
situation where a large percentage of the �sh in the catch is mature and was removed by
the �shery after being able to spawn and approaching the full growth potential. This is
an example of a more sustainable situation with the �sheries are mainly targeting adults.
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Figure 5. Shift in catch categories ofLutjanus fantasticus for an example situation
where initially a large percentage of the �sh in the catch is immature and was removed
by the �shery before being able to spawn or reach full growth potential. Over the years,
the situation improves with larger mature animals becoming more dominant in the catch.

Figure 6. Shift in catch categories ofLutjanus fantasticus where initially a large per-
centage of the �sh in the catch is mature and has approached their full growth potential.
Over the years, the situation deteriorates with smaller immature animals becoming more
dominant in the catch. This development would be a clear reason for concern.
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5 EVALUATING RESULTS FROM LENGTH-BASED ASSESSMENTS

When looking at results from length-based assessments, we do need to be careful with
conclusions, and consider the ecology and dynamics in all of the �sheries targeting the
species under assessment, in all of the habitats utilized by all of the life stages of these
species. Snappers for example, like most of our other target species, have pelagic eggs
and larvae. The larval pelagic stage lasts for 4 to 6 weeks, when larvae are between 1
and 2 cm long. Eggs and larvae can be displaced over great distances, and pre-settlers
actively swim in speci�c directions, and towards speci�c habitats, during this time. At
the end of their pelagic migration, juvenile snappers settle on nursery grounds.

After settlement, juveniles of many species of snappers remain on nursery grounds
for a period of several years, and then move to other areas joining sub-adults at speci�c
habitats until they reach maturity, and eventually the adult population, usually at the
deepest range of their distribution, on the slopes of the continental shelf.

It is important to realize that these �sh can and will be targeted by various �sheries
during all these phases of their life, with di�erent gear types, in all the habitats that they
occupy. In Indonesia that even includes the small pelagic pre-settlers, which are often
found in catches by small meshed lift net boats using light attraction to catch (very)
small pelagic �sh. It should be clear that even if one �shery is shown to harvest mainly
large adult �sh of a speci�c species, this does not necessarily mean that the species as a
whole is being �shed sustainably across its entire range of life stages and habitats.

Relative abundance of speci�c size classes in one �shery may not change in the case of
another �shery decimating juveniles, and in such case only a decline in the total numbers
in the catch, or rather in the catch per unit of e�ort, will show that there is a problem
somewhere. It is therefore recommended to keep track of catch per unit of e�ort by
species (for target �eets and species) as an independent second source of information to
back up conclusions from length-based assessments.
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6 MANAGEMENT CONSIDERATIONS

Adult stages of many target species in deep slope �sheries remain at well de�ned locations,
at the edge of the continental shelf. These adult populations do not migrate to spawn
or for other reasons. Deep water snappers and other deep water predators form feeding
aggregations at edges of drop o�s and canyons, seamounts and other highly predictable
locations. This makes them extremely vulnerable to �shing, much more so than species
which are spread out over the �at surface of the continental shelf. Over�shing can happen
very quickly at those locations, much faster than the time it takes to collect and analyze
data, formulate conclusions and management advice, and ultimately take management
action. The locations where adult �sh aggregate need to be managed very carefully.
Access to these areas needs to be restricted to prevent over�shing. Some of these locations
could e�ectively be set aside as �No Take� areas to protect spawning biomass.

Due to the spatial segregation between size groups in the populations, the �sheries
can be size selective to some extent. Fishermen can take conscious decisions to target
sub adults and juveniles and will do so normally when densities of larger mature animals
on deep water �shing grounds have declined. As such, a policy among �sh traders to
buy and trade (or not to buy and trade) certain size classes can directly in�uence the
sustainability of the �sheries when the buying behavior a�ects the behavior of �shers.

Stakeholders and managers should all prevent the targeting, selling, buying and trading
of immature �sh. Putting a premium on �plate size �sh� for species which are not yet
mature at such size, can be highly destructive to the stock as �shers are incentivized that
way to target undersized �sh. Incentives for �shers need to be geared towards catching
mostly mature specimen of all target species. Fishers can decide to move on to a di�erent
location or di�erent �shing depth when they �nd that they are �shing an aggregation
of juvenile �sh. They will do so only though if this makes immediate economic sense to
them or if regulations on minimum sizes are in place and being enforced.

The choice of hook size also plays an important role in the selectivity of the �sheries,
especially in combination with the choice of �shing location and target species. Small
hooks with smaller baits, �shed with thinner lines, in general catch smaller �sh than
large hooks with big baits �shed with heavier lines. Fishing for deep water snapper in
new locations often starts with large hooks and at fairly great depths. The main target
species are the large deepwater snappers and within those species the larger specimen
were targeted �rst. As adult populations at the deepest �shing grounds declined though,
�shers explored di�erent habitats, usually at somewhat shallower locations, with smaller
hooks and smaller baits. This resulted in smaller specimen of the target species to become
more dominant in the catch. This situation became worse when traders started to pay
premium price for under-sized �plate sized� snappers.

Selectivity is in�uenced by a combination of hook size and �shing location (depth and
habitat) but the species range is so great in the Indonesian deep slope �sheries, that
management by species is impossible. Length-based assessments need to be carried out
over the range of target species to �nd out what the patterns look like and management
options need to be selected that take into account this multi species character of the
�sheries. Management solutions are not straight forward and a precautionary approach
necessitates wide-ranging management actions.
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7 REFERENCES

To develop the guidelines and �ndings in this document, we used a wide variety of sources:
scienti�c articles from peer-reviewed journals (especially meta-analysis, but also species
speci�c), project reports, presentations and other �grey literature�, technical reports from
various institutions, websites of research and other institutions and �shing companies, and
even blogs and comments posted by recreational and other �shers. Sources sometimes
contradicted each other, and we found this was often caused by mistakes in species
identi�cation or by di�erent interpretation of technical terms or by analyses that were
based on incomplete or otherwise inadequate data sets.

Carefully documenting all these inconsistencies, and providing a complete list of all
references would have slowed the process down considerably, and it would have made this
document unwieldy and inaccessible to all but very determined readers. Hence, we de-
cided to present our �ndings and guidelines without a meticulous review of corroborating
or contradicting sources, and in the list of references below we only present a small subset
of the sources we used. Whereas we feel that the guidelines and �ndings we present here
will enable sound �shery management, we encourage readers to triangulate our guidelines
with those from other sources. We also encourage users to use our guidelines and �ndings
mainly as a starting point for discussions on �sheries impact and status, to be re�ned
whenever additional information becomes available or is deemed necessary.
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8 CATCH LENGTH FREQUENCIES AND LIFE HISTORY
PARAMETER VALUES

The Top 100 most abundant species in the catch over the above mentioned period cover
more than 99% of the total catch and include the following families:

A. Lutjanidae (Snappers, species ID numbers 1-35),

B. Epinephelidae (Groupers, Cods and Coral Trout, species ID numbers 36-62),

C. Lethrinidae (Emperors, species ID numbers 63-72),

D. Carangidae (Jacks and Trevallies, species ID numbers 73-85),

E. Emmelichthyidae (Ruby�sh, species ID number 86),

F. Sparidae (Sea Breams, species ID numbers 87-88),

G. Glaucosomatidae (Pearl Perch, species ID number 89),

H. Haemulidae (Sweetlips, species ID numbers 90-92),

I. Priacanthidae (Bullseye, species ID number 93),

J. Sphyraenidae (Barracudas, species ID numbers 94-96),

K. Nemipteridae (Monocle Bream, species ID number 97),

L. Holocentridae (Soldier�sh, species ID number 98),

M. Rachycentridae (Cobia, species ID number 99), and

N. Sciaenidae (Black Jew�sh, species ID number 100).

Accumulated catch length frequencies with estimated values of key life history param-
eters by species are presented on the following pages, together with CODRS images of
the largest specimen encountered to date for each of those species. The presented catch
length frequencies cover the total sample sizes by species, collected in our overall area
of interest (WPP 573+712+713+714+715+718) over a period from 2015 to the present
date. The CODRS images are those of the largest specimen by species encountered and
photographed during that same period of time. It is possible that larger specimen will
be encountered anytime after the present date and if any specimen exceeds the current
value of Lmax then all life history parameters for that species will be revised accordingly.
This document will also be updated each time when parameter values need to be revised.
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Table 8.1: Life History Parameters 100 Most Abundant Species
Indonesian Deep Water Hook-And-Line Fisheries

ID# Species Family Nsample % Lx-codrs Lmax Linf Lopt Lmat Wmat
1 Aphareus rutilans Lutjanidae 32508 2.49 115 115 104 81 61 1847
2 Aprion virescens Lutjanidae 3980 0.31 107 110 99 78 58 1965
3 Etelis carbunculus Lutjanidae 419 0.03 56 60 54 42 32 449
4 Etelis sp. Lutjanidae 25796 1.98 125 125 113 88 66 3913
5 Etelis radiosus Lutjanidae 7843 0.60 115 115 104 81 61 2539
6 Etelis coruscans Lutjanidae 19542 1.50 120 120 108 85 64 2128
7 Pristipomoides multidens Lutjanidae 208063 15.97 91 95 86 67 50 1439
8 Pristipomoides typus Lutjanidae 111986 8.59 85 85 77 60 45 946
9 Pristipomoides �lamentosus Lutjanidae 39373 3.02 88 90 81 64 48 1393
10 Pristipomoides sieboldii Lutjanidae 18983 1.46 55 55 50 39 29 294
11 Pristipomoides argyrogrammicus Lutjanidae 108 0.01 38 40 36 28 21 115
12 Pristipomoides zonatus Lutjanidae 239 0.02 49 50 45 35 27 310
13 Pristipomoides �avipinnis Lutjanidae 866 0.07 56 60 54 42 32 363
14 Lutjanus bitaeniatus Lutjanidae 1110 0.09 45 45 41 32 24 174
15 Lutjanus argentimaculatus Lutjanidae 6028 0.46 95 95 86 67 50 1773
16 Lutjanus bohar Lutjanidae 3509 0.27 88 90 81 64 48 1847
17 Lutjanus malabaricus Lutjanidae 227298 17.44 94 95 86 67 50 1822
18 Lutjanus sebae Lutjanidae 25356 1.95 96 100 90 71 53 2720
19 Lutjanus timorensis Lutjanidae 17005 1.31 60 60 54 42 32 440
20 Lutjanus gibbus Lutjanidae 2585 0.20 52 55 50 39 29 404
21 Lutjanus erythropterus Lutjanidae 50029 3.84 70 70 63 49 37 773
22 Pinjalo lewisi Lutjanidae 18722 1.44 58 60 54 42 32 377
23 Pinjalo pinjalo Lutjanidae 7119 0.55 77 80 72 56 42 728
24 Lutjanus johnii Lutjanidae 4977 0.38 90 90 81 64 48 1365
25 Lutjanus russelli Lutjanidae 4565 0.35 53 55 50 39 29 315
26 Lutjanus lemniscatus Lutjanidae 1179 0.09 61 65 59 46 35 546
27 Lutjanus vitta Lutjanidae 34116 2.62 43 45 41 32 24 197
28 Lutjanus boutton Lutjanidae 2248 0.17 33 35 32 25 19 205
29 Lutjanus rivulatus Lutjanidae 337 0.03 82 85 77 60 45 1882
30 Lipocheilus carnolabrum Lutjanidae 1614 0.12 73 75 68 53 40 1180
31 Symphorus nematophorus Lutjanidae 2014 0.15 100 100 90 71 53 2325
32 Paracaesio gonzalesi Lutjanidae 5430 0.42 54 55 50 39 29 474
33 Paracaesio xanthura Lutjanidae 3258 0.25 52 55 50 39 29 356
34 Paracaesio kusakarii Lutjanidae 27574 2.12 85 85 77 60 45 1119
35 Paracaesio stonei Lutjanidae 8326 0.64 70 70 63 49 37 744
36 Saloptia powelli Epinephelidae 158 0.01 52 55 50 30 23 175
37 Cephalopholis miniata Epinephelidae 1126 0.09 40 45 41 25 19 118
38 Cephalopholis sexmaculata Epinephelidae 535 0.04 44 45 41 25 19 91
39 Cephalopholis sonnerati Epinephelidae 6180 0.47 55 55 50 30 23 212
40 Cephalopholis igarashiensis Epinephelidae 247 0.02 37 40 36 22 17 118
41 Epinephelus latifasciatus Epinephelidae 3041 0.23 107 110 99 61 46 1316
42 Epinephelus radiatus Epinephelidae 1099 0.08 72 75 68 41 31 496
43 Epinephelus morrhua Epinephelidae 4721 0.36 71 75 68 41 31 496
44 Epinephelus poecilonotus Epinephelidae 682 0.05 80 80 72 44 33 585
45 Epinephelus areolatus Epinephelidae 93021 7.14 50 50 45 28 21 115
46 Epinephelus bleekeri Epinephelidae 3699 0.28 79 80 72 44 33 496
47 Epinephelus miliaris Epinephelidae 275 0.02 55 55 50 30 23 146
48 Epinephelus bilobatus Epinephelidae 616 0.05 60 60 54 33 25 218
49 Epinephelus malabaricus Epinephelidae 453 0.03 138 140 126 77 58 2867
50 Epinephelus coioides Epinephelidae 6409 0.49 119 120 108 66 50 1823

Nsample is total sample of CODRS data from 2015 to the present date. Lx-codrs = Largest specimen with

veri�able ID and size from CODRS photo. Lmax = maximum attainable total length at Indonesian lattitudes.

Linf = 0.9 * Lmax (with 10% dispersion around mean size in cohort). Lmat = Size at 50% maturity. Lmat =

0.59 * Linf for deep water lutjanidae (Newman et al., 2016). Lmat = 0.46 * Linf for deep water Epinephelidae

(Newman et al., 2016). Lmat = 0.5 * Linf for Other Species (pooled literature). Lopt = 1.33 * Lmat for range

of demersals (Cope and Punt, 2009). All sizes in Total Length. Wmat = Weight at 50% maturity in gram.
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Table 8.2: (Continued from 8.1) Life History Parameters 100 Most Abundant Species
Indonesian Deep Water Hook-And-Line Fisheries

ID# Species Family Nsample % Lx-codrs Lmax Linf Lopt Lmat Wmat
51 Epinephelus chlorostigma Epinephelidae 2173 0.17 64 65 59 36 27 241
52 Epinephelus retouti Epinephelidae 431 0.03 49 50 45 28 21 123
53 Epinephelus heniochus Epinephelidae 1993 0.15 58 60 54 33 25 282
54 Epinephelus stictus Epinephelidae 1189 0.09 48 50 45 28 21 123
55 Epinephelus epistictus Epinephelidae 332 0.03 81 85 77 47 35 597
56 Epinephelus multinotatus Epinephelidae 580 0.04 91 95 86 52 39 868
57 Epinephelus undulosus Epinephelidae 472 0.04 78 80 72 44 33 434
58 Epinephelus amblycephalus Epinephelidae 3185 0.24 78 80 72 44 33 544
59 Hyporthodus octofasciatus Epinephelidae 460 0.04 175 175 158 96 72 6027
60 Plectropomus maculatus Epinephelidae 3511 0.27 84 85 77 47 35 669
61 Plectropomus leopardus Epinephelidae 2718 0.21 75 75 68 41 31 399
62 Variola albimarginata Epinephelidae 1779 0.14 50 50 45 28 21 96
63 Lethrinus lentjan Lethrinidae 10741 0.82 55 55 50 33 25 257
64 Lethrinus laticaudis Lethrinidae 37399 2.87 63 65 59 39 29 400
65 Lethrinus nebulosus Lethrinidae 921 0.07 74 75 68 45 34 592
66 Lethrinus olivaceus Lethrinidae 3983 0.31 97 100 90 60 45 1222
67 Lethrinus amboinensis Lethrinidae 3627 0.28 57 60 54 36 27 269
68 Lethrinus rubrioperculatus Lethrinidae 339 0.03 45 45 41 27 20 105
69 Wattsia mossambica Lethrinidae 8300 0.64 60 60 54 36 27 396
70 Gymnocranius grandoculis Lethrinidae 17655 1.36 76 80 72 48 36 804
71 Gymnocranius griseus Lethrinidae 2586 0.20 44 45 41 27 20 147
72 Carangoides coeruleopinnatus Carangidae 4399 0.34 69 70 63 42 32 519
73 Carangoides fulvoguttatus Carangidae 674 0.05 100 100 90 60 45 1092
74 Carangoides malabaricus Carangidae 1111 0.09 67 70 63 42 32 521
75 Carangoides chrysophrys Carangidae 9359 0.72 80 80 72 48 36 633
76 Carangoides gymnostethus Carangidae 3085 0.24 86 90 81 54 41 965
77 Caranx bucculentus Carangidae 6912 0.53 72 75 68 45 34 627
78 Caranx ignobilis Carangidae 3016 0.23 130 130 117 78 59 2539
79 Caranx lugubris Carangidae 284 0.02 80 80 72 48 36 550
80 Caranx sexfasciatus Carangidae 4917 0.38 90 90 81 54 41 1150
81 Caranx tille Carangidae 2511 0.19 86 90 81 54 41 1151
82 Elagatis bipinnulata Carangidae 1941 0.15 104 105 95 63 47 620
83 Seriola dumerili Carangidae 615 0.05 160 160 144 96 72 4365
84 Seriola rivoliana Carangidae 4902 0.38 132 135 122 81 61 2104
85 Erythrocles schlegelii Emmelichthyidae 5111 0.39 90 90 81 54 41 665
86 Argyrops spinifer Sparidae 3024 0.23 54 55 50 33 25 224
87 Dentex carpenteri Sparidae 1680 0.13 42 45 41 27 20 116
88 Glaucosoma buergeri Glaucosomatidae 4341 0.33 70 70 63 42 32 575
89 Diagramma labiosum Haemulidae 3986 0.31 78 80 72 48 36 471
90 Diagramma pictum Haemulidae 13547 1.04 81 85 77 51 38 554
91 Pomadasys kaakan Haemulidae 10523 0.81 64 65 59 39 29 390
92 Cookeolus japonicus Priacanthidae 1853 0.14 62 65 59 39 29 349
93 Sphyraena barracuda Sphyraenidae 658 0.05 147 150 135 90 68 1407
94 Sphyraena forsteri Sphyraenidae 1258 0.10 68 70 63 42 32 136
95 Sphyraena putnamae Sphyraenidae 1114 0.09 130 130 117 78 59 875
96 Parascolopsis eriomma Nemipteridae 1697 0.13 34 35 32 21 16 39
97 Ostichthys japonicus Holocentridae 475 0.04 47 50 45 30 23 202
98 Rachycentron canadum Rachycentridae 2038 0.16 145 150 135 90 68 1034
99 Protonibea diacanthus Sciaenidae 1601 0.12 130 135 122 81 61 2270
100 Atrobucca brevis Sciaenidae 55574 4.27 75 75 68 45 34 407

Nsample is total sample of CODRS data from 2015 to the present date. Lx-codrs = Largest specimen with

veri�able ID and size from CODRS photo. Lmax = maximum attainable total length at Indonesian lattitudes.

Linf = 0.9 * Lmax (with 10% dispersion around mean size in cohort). Lmat = Size at 50% maturity. Lmat =

0.59 * Linf for deep water lutjanidae (Newman et al., 2016). Lmat = 0.46 * Linf for deep water Epinephelidae

(Newman et al., 2016). Lmat = 0.5 * Linf for Other Species (pooled literature). Lopt = 1.33 * Lmat for range

of demersals (Cope and Punt, 2009). All sizes in Total Length. Wmat = Weight at 50% maturity in gram.
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Table 8.3: Species Composition in Deepwater Snapper and Grouper Fisheries,
All Gears Combined, ranked by Weight for current CODRS Contracts only

Rank ID# Species Family W W% Cum W% N N% Cum N%
1 17 Lutjanus malabaricus Lutjanidae 599060 25.79 25.79 227298 17.44 17.44
2 7 Pristipomoides multidens Lutjanidae 396278 17.06 42.84 208063 15.97 33.41
3 8 Pristipomoides typus Lutjanidae 140019 6.03 48.87 111986 8.59 42.01
4 1 Aphareus rutilans Lutjanidae 98633 4.25 53.12 32508 2.49 44.50
5 4 Etelis sp. Lutjanidae 94389 4.06 57.18 25796 1.98 46.48
6 21 Lutjanus erythropterus Lutjanidae 76094 3.28 60.46 50029 3.84 50.32
7 64 Lethrinus laticaudis Lethrinidae 62554 2.69 63.15 37399 2.87 53.19
8 9 Pristipomoides �lamentosus Lutjanidae 58387 2.51 65.66 39373 3.02 56.22
9 18 Lutjanus sebae Lutjanidae 52023 2.24 67.90 25356 1.95 58.16
10 34 Paracaesio kusakarii Lutjanidae 47923 2.06 69.96 27574 2.12 60.28
11 100 Atrobucca brevis Sciaenidae 47593 2.05 72.01 55574 4.27 64.54
12 45 Epinephelus areolatus Epinephelidae 40448 1.74 73.75 93021 7.14 71.68
13 50 Epinephelus coioides Epinephelidae 37946 1.63 75.39 6409 0.49 72.17
14 6 Etelis coruscans Lutjanidae 33733 1.45 76.84 19542 1.50 73.67
15 70 Gymnocranius grandoculis Lethrinidae 31535 1.36 78.20 17655 1.36 75.03
16 5 Etelis radiosus Lutjanidae 22154 0.95 79.15 7843 0.60 75.63
17 15 Lutjanus argentimaculatus Lutjanidae 22057 0.95 80.10 6028 0.46 76.09
18 90 Diagramma pictum Haemulidae 20725 0.89 80.99 13547 1.04 77.13
19 84 Seriola rivoliana Carangidae 19908 0.86 81.85 4902 0.38 77.51
20 2 Aprion virescens Lutjanidae 16848 0.73 82.57 3980 0.31 77.81
21 80 Caranx sexfasciatus Carangidae 16486 0.71 83.28 4917 0.38 78.19
22 91 Pomadasys kaakan Haemulidae 16169 0.70 83.98 10523 0.81 79.00
23 66 Lethrinus olivaceus Lethrinidae 16044 0.69 84.67 3983 0.31 79.31
24 75 Carangoides chrysophrys Carangidae 15749 0.68 85.35 9359 0.72 80.02
25 19 Lutjanus timorensis Lutjanidae 15433 0.66 86.01 17005 1.31 81.33
26 31 Symphorus nematophorus Lutjanidae 14182 0.61 86.62 2014 0.15 81.48
27 41 Epinephelus latifasciatus Epinephelidae 13853 0.60 87.22 3041 0.23 81.72
28 60 Plectropomus maculatus Epinephelidae 12442 0.54 87.76 3511 0.27 81.99
29 10 Pristipomoides sieboldii Lutjanidae 12313 0.53 88.29 18983 1.46 83.44
30 24 Lutjanus johnii Lutjanidae 12202 0.53 88.81 4977 0.38 83.83
31 78 Caranx ignobilis Carangidae 11681 0.50 89.31 3016 0.23 84.06
32 85 Erythrocles schlegelii Emmelichthyidae 11550 0.50 89.81 5111 0.39 84.45
33 77 Caranx bucculentus Carangidae 11362 0.49 90.30 6912 0.53 84.98
34 22 Pinjalo lewisi Lutjanidae 10984 0.47 90.77 18722 1.44 86.42
35 27 Lutjanus vitta Lutjanidae 10919 0.47 91.24 34116 2.62 89.03
36 35 Paracaesio stonei Lutjanidae 10774 0.46 91.71 8326 0.64 89.67
37 16 Lutjanus bohar Lutjanidae 10233 0.44 92.15 3509 0.27 89.94
38 81 Caranx tille Carangidae 9161 0.39 92.54 2511 0.19 90.14
39 46 Epinephelus bleekeri Epinephelidae 9118 0.39 92.93 3699 0.28 90.42
40 63 Lethrinus lentjan Lethrinidae 8614 0.37 93.30 10741 0.82 91.24
41 69 Wattsia mossambica Lethrinidae 8522 0.37 93.67 8300 0.64 91.88
42 89 Diagramma labiosum Haemulidae 8430 0.36 94.03 3986 0.31 92.19
43 58 Epinephelus amblycephalus Epinephelidae 8428 0.36 94.40 3185 0.24 92.43
44 88 Glaucosoma buergeri Glaucosomatidae 8031 0.35 94.74 4341 0.33 92.76
45 99 Protonibea diacanthus Sciaenidae 7496 0.32 95.07 1601 0.12 92.89
46 72 Carangoides coeruleopinnatus Carangidae 6458 0.28 95.34 4399 0.34 93.22
47 32 Paracaesio gonzalesi Lutjanidae 6049 0.26 95.60 5430 0.42 93.64
48 39 Cephalopholis sonnerati Epinephelidae 5537 0.24 95.84 6180 0.47 94.12
49 23 Pinjalo pinjalo Lutjanidae 5428 0.23 96.08 7119 0.55 94.66
50 76 Carangoides gymnostethus Carangidae 4848 0.21 96.28 3085 0.24 94.90
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Table 8.4: (Continued from 8.3) Species Composition in Deepwater Snapper and Grouper Fisheries,
All Gears Combined, ranked by Weight for current CODRS Contracts only

Rank ID# Species Family W W% Cum W% N N% Cum N%
51 61 Plectropomus leopardus Epinephelidae 4805 0.21 96.49 2718 0.21 95.11
52 59 Hyporthodus octofasciatus Epinephelidae 4788 0.21 96.70 460 0.04 95.14
53 43 Epinephelus morrhua Epinephelidae 4748 0.20 96.90 4721 0.36 95.51
54 49 Epinephelus malabaricus Epinephelidae 4254 0.18 97.09 453 0.03 95.54
55 98 Rachycentron canadum Rachycentridae 4166 0.18 97.26 2038 0.16 95.70
56 82 Elagatis bipinnulata Carangidae 4130 0.18 97.44 1941 0.15 95.85
57 83 Seriola dumerili Carangidae 3903 0.17 97.61 615 0.05 95.89
58 30 Lipocheilus carnolabrum Lutjanidae 3410 0.15 97.76 1614 0.12 96.02
59 25 Lutjanus russelli Lutjanidae 2962 0.13 97.88 4565 0.35 96.37
60 67 Lethrinus amboinensis Lethrinidae 2847 0.12 98.01 3627 0.28 96.65
61 65 Lethrinus nebulosus Lethrinidae 2687 0.12 98.12 921 0.07 96.72
62 93 Sphyraena barracuda Sphyraenidae 2659 0.11 98.24 658 0.05 96.77
63 33 Paracaesio xanthura Lutjanidae 2610 0.11 98.35 3258 0.25 97.02
64 56 Epinephelus multinotatus Epinephelidae 2600 0.11 98.46 580 0.04 97.06
65 51 Epinephelus chlorostigma Epinephelidae 2415 0.10 98.57 2173 0.17 97.23
66 53 Epinephelus heniochus Epinephelidae 2283 0.10 98.66 1993 0.15 97.38
67 92 Cookeolus japonicus Priacanthidae 2103 0.09 98.75 1853 0.14 97.52
68 20 Lutjanus gibbus Lutjanidae 2049 0.09 98.84 2585 0.20 97.72
69 74 Carangoides malabaricus Carangidae 1994 0.09 98.93 1111 0.09 97.81
70 73 Carangoides fulvoguttatus Carangidae 1980 0.09 99.01 674 0.05 97.86
71 42 Epinephelus radiatus Epinephelidae 1701 0.07 99.09 1099 0.08 97.94
72 86 Argyrops spinifer Sparidae 1691 0.07 99.16 3024 0.23 98.17
73 95 Sphyraena putnamae Sphyraenidae 1571 0.07 99.23 1114 0.09 98.26
74 44 Epinephelus poecilonotus Epinephelidae 1535 0.07 99.29 682 0.05 98.31
75 29 Lutjanus rivulatus Lutjanidae 1534 0.07 99.36 337 0.03 98.34
76 71 Gymnocranius griseus Lethrinidae 1405 0.06 99.42 2586 0.20 98.54
77 26 Lutjanus lemniscatus Lutjanidae 1404 0.06 99.48 1179 0.09 98.63
78 57 Epinephelus undulosus Epinephelidae 1384 0.06 99.54 472 0.04 98.66
79 28 Lutjanus boutton Lutjanidae 1081 0.05 99.59 2248 0.17 98.84
80 87 Dentex carpenteri Sparidae 954 0.04 99.63 1680 0.13 98.97
81 54 Epinephelus stictus Epinephelidae 877 0.04 99.66 1189 0.09 99.06
82 55 Epinephelus epistictus Epinephelidae 862 0.04 99.70 332 0.03 99.08
83 62 Variola albimarginata Epinephelidae 858 0.04 99.74 1779 0.14 99.22
84 13 Pristipomoides �avipinnis Lutjanidae 707 0.03 99.77 866 0.07 99.28
85 79 Caranx lugubris Carangidae 698 0.03 99.80 284 0.02 99.31
86 48 Epinephelus bilobatus Epinephelidae 663 0.03 99.83 616 0.05 99.35
87 14 Lutjanus bitaeniatus Lutjanidae 599 0.03 99.85 1110 0.09 99.44
88 37 Cephalopholis miniata Epinephelidae 455 0.02 99.87 1126 0.09 99.53
89 94 Sphyraena forsteri Sphyraenidae 452 0.02 99.89 1258 0.10 99.62
90 3 Etelis carbunculus Lutjanidae 400 0.02 99.91 419 0.03 99.65
91 97 Ostichthys japonicus Holocentridae 391 0.02 99.93 475 0.04 99.69
92 96 Parascolopsis eriomma Nemipteridae 295 0.01 99.94 1697 0.13 99.82
93 47 Epinephelus miliaris Epinephelidae 244 0.01 99.95 275 0.02 99.84
94 38 Cephalopholis sexmaculata Epinephelidae 243 0.01 99.96 535 0.04 99.88
95 12 Pristipomoides zonatus Lutjanidae 215 0.01 99.97 239 0.02 99.90
96 52 Epinephelus retouti Epinephelidae 214 0.01 99.98 431 0.03 99.93
97 36 Saloptia powelli Epinephelidae 153 0.01 99.99 158 0.01 99.95
98 68 Lethrinus rubrioperculatus Lethrinidae 150 0.01 99.99 339 0.03 99.97
99 40 Cephalopholis igarashiensis Epinephelidae 137 0.01 100.00 247 0.02 99.99
100 11 Pristipomoides argyrogrammicus Lutjanidae 49 0.00 100.00 108 0.01 100.00
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(ID #1) Length frequency of Aphareus rutilans (Lutjanidae), n = 32,508
All Years and Gears Combined

Total Length (cm)
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25 % 57 % 19 % Trade Limit 50 cm
L-maturity 61 cm
L-optimum 81 cm
L-infinity 104 cm
L-max 115 cm
Lx-codrs 115 cm
SPR 12 %
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(ID #2) Length frequency of Aprion virescens (Lutjanidae), n = 3,980
All Years and Gears Combined

Total Length (cm)
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12 % 47 % 41 % Trade Limit 46 cm
L-maturity 58 cm
L-optimum 78 cm
L-infinity 99 cm
L-max 110 cm
Lx-codrs 107 cm
SPR 12 %
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(ID #3) Length frequency of Etelis carbunculus (Lutjanidae), n = 419
All Years and Gears Combined

Total Length (cm)
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SPR 23 %
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(ID #4) Length frequency of Etelis sp. (Lutjanidae), n = 25,796
All Years and Gears Combined

Total Length (cm)
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(ID #5) Length frequency of Etelis radiosus (Lutjanidae), n = 7,843
All Years and Gears Combined

Total Length (cm)
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SPR 7 %
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(ID #6) Length frequency of Etelis coruscans (Lutjanidae), n = 19,542
All Years and Gears Combined

Total Length (cm)
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SPR 2 %

35



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

(ID #7) Length frequency of Pristipomoides multidens (Lutjanidae), n = 208,063
All Years and Gears Combined

Total Length (cm)

F
re

qu
en

cy

0 20 40 60 80 100 120

0
50

00
10

00
0

15
00

0
20

00
0

25
00

0
30

00
0

L-infinity

L-optimumL-maturity L-max

Trade Limit

41 % 48 % 11 % Trade Limit 35 cm
L-maturity 50 cm
L-optimum 67 cm
L-infinity 86 cm
L-max 95 cm
Lx-codrs 91 cm
SPR 14 %
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(ID #8) Length frequency of Pristipomoides typus (Lutjanidae), n = 111,986
All Years and Gears Combined

Total Length (cm)
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SPR 10 %
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(ID #9) Length frequency of Pristipomoides filamentosus (Lutjanidae), n = 39,373
All Years and Gears Combined

Total Length (cm)
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SPR 6 %
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(ID #10) Length frequency of Pristipomoides sieboldii (Lutjanidae), n = 18,983
All Years and Gears Combined

Total Length (cm)
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(ID #11) Length frequency of Pristipomoides argyrogrammicus (Lutjanidae), n = 108
All Years and Gears Combined

Total Length (cm)
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(ID #12) Length frequency of Pristipomoides zonatus (Lutjanidae), n = 239
All Years and Gears Combined

Total Length (cm)
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SPR 63 %
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(ID #13) Length frequency of Pristipomoides flavipinnis (Lutjanidae), n = 866
All Years and Gears Combined

Total Length (cm)
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SPR 16 %
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(ID #14) Length frequency of Lutjanus bitaeniatus (Lutjanidae), n = 1,110
All Years and Gears Combined

Total Length (cm)
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(ID #15) Length frequency of Lutjanus argentimaculatus (Lutjanidae), n = 6,028
All Years and Gears Combined
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(ID #16) Length frequency of Lutjanus bohar (Lutjanidae), n = 3,509
All Years and Gears Combined

Total Length (cm)
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(ID #17) Length frequency of Lutjanus malabaricus (Lutjanidae), n = 227,298
All Years and Gears Combined

Total Length (cm)
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(ID #18) Length frequency of Lutjanus sebae (Lutjanidae), n = 25,356
All Years and Gears Combined

Total Length (cm)
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SPR 1 %
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(ID #19) Length frequency of Lutjanus timorensis (Lutjanidae), n = 17,005
All Years and Gears Combined

Total Length (cm)
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SPR 18 %
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(ID #20) Length frequency of Lutjanus gibbus (Lutjanidae), n = 2,585
All Years and Gears Combined

Total Length (cm)
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SPR 15 %
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(ID #21) Length frequency of Lutjanus erythropterus (Lutjanidae), n = 50,029
All Years and Gears Combined

Total Length (cm)
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(ID #22) Length frequency of Pinjalo lewisi (Lutjanidae), n = 18,722
All Years and Gears Combined

Total Length (cm)
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SPR 5 %
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(ID #23) Length frequency of Pinjalo pinjalo (Lutjanidae), n = 7,119
All Years and Gears Combined
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(ID #24) Length frequency of Lutjanus johnii (Lutjanidae), n = 4,977
All Years and Gears Combined

Total Length (cm)
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(ID #25) Length frequency of Lutjanus russelli (Lutjanidae), n = 4,565
All Years and Gears Combined

Total Length (cm)
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(ID #26) Length frequency of Lutjanus lemniscatus (Lutjanidae), n = 1,179
All Years and Gears Combined
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(ID #27) Length frequency of Lutjanus vitta (Lutjanidae), n = 34,116
All Years and Gears Combined
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(ID #28) Length frequency of Lutjanus boutton (Lutjanidae), n = 2,248
All Years and Gears Combined
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(ID #29) Length frequency of Lutjanus rivulatus (Lutjanidae), n = 337
All Years and Gears Combined

Total Length (cm)
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(ID #30) Length frequency of Lipocheilus carnolabrum (Lutjanidae), n = 1,614
All Years and Gears Combined

Total Length (cm)
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(ID #31) Length frequency of Symphorus nematophorus (Lutjanidae), n = 2,014
All Years and Gears Combined

Total Length (cm)
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(ID #32) Length frequency of Paracaesio gonzalesi (Lutjanidae), n = 5,430
All Years and Gears Combined
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(ID #33) Length frequency of Paracaesio xanthura (Lutjanidae), n = 3,258
All Years and Gears Combined

Total Length (cm)

F
re

qu
en

cy

20 30 40 50 60 70

0
20

0
40

0
60

0
80

0
10

00
12

00
14

00

L-infinity

L-optimumL-maturity L-max

Trade Limit

5 % 60 % 35 % Trade Limit 27 cm
L-maturity 29 cm
L-optimum 39 cm
L-infinity 50 cm
L-max 55 cm
Lx-codrs 52 cm
SPR 8 %
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(ID #34) Length frequency of Paracaesio kusakarii (Lutjanidae), n = 27,574
All Years and Gears Combined

Total Length (cm)
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SPR 5 %

63



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

(ID #35) Length frequency of Paracaesio stonei (Lutjanidae), n = 8,326
All Years and Gears Combined

Total Length (cm)
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(ID #36) Length frequency of Saloptia powelli (Epinephelidae), n = 158
All Years and Gears Combined

Total Length (cm)
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(ID #37) Length frequency of Cephalopholis miniata (Epinephelidae), n = 1,126
All Years and Gears Combined

Total Length (cm)
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(ID #38) Length frequency of Cephalopholis sexmaculata (Epinephelidae), n = 535
All Years and Gears Combined

Total Length (cm)
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(ID #39) Length frequency of Cephalopholis sonnerati (Epinephelidae), n = 6,180
All Years and Gears Combined

Total Length (cm)
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(ID #40) Length frequency of Cephalopholis igarashiensis (Epinephelidae), n = 247
All Years and Gears Combined
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(ID #41) Length frequency of Epinephelus latifasciatus (Epinephelidae), n = 3,041
All Years and Gears Combined

Total Length (cm)
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(ID #42) Length frequency of Epinephelus radiatus (Epinephelidae), n = 1,099
All Years and Gears Combined

Total Length (cm)
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(ID #43) Length frequency of Epinephelus morrhua (Epinephelidae), n = 4,721
All Years and Gears Combined
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(ID #44) Length frequency of Epinephelus poecilonotus (Epinephelidae), n = 682
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #45) Length frequency of Epinephelus areolatus (Epinephelidae), n = 93,021
All Years and Gears Combined

Total Length (cm)
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(ID #46) Length frequency of Epinephelus bleekeri (Epinephelidae), n = 3,699
All Years and Gears Combined

Total Length (cm)
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SPR 88 %
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(ID #47) Length frequency of Epinephelus miliaris (Epinephelidae), n = 275
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %

76



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

(ID #48) Length frequency of Epinephelus bilobatus (Epinephelidae), n = 616
All Years and Gears Combined

Total Length (cm)
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SPR 87 %
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(ID #49) Length frequency of Epinephelus malabaricus (Epinephelidae), n = 453
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %

78



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

(ID #50) Length frequency of Epinephelus coioides (Epinephelidae), n = 6,409
All Years and Gears Combined

Total Length (cm)
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SPR 73 %
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(ID #51) Length frequency of Epinephelus chlorostigma (Epinephelidae), n = 2,173
All Years and Gears Combined

Total Length (cm)
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SPR 100 %
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(ID #52) Length frequency of Epinephelus retouti (Epinephelidae), n = 431
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #53) Length frequency of Epinephelus heniochus (Epinephelidae), n = 1,993
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #54) Length frequency of Epinephelus stictus (Epinephelidae), n = 1,189
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #55) Length frequency of Epinephelus epistictus (Epinephelidae), n = 332
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #56) Length frequency of Epinephelus multinotatus (Epinephelidae), n = 580
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #57) Length frequency of Epinephelus undulosus (Epinephelidae), n = 472
All Years and Gears Combined

Total Length (cm)
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(ID #58) Length frequency of Epinephelus amblycephalus (Epinephelidae), n = 3,185
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #59) Length frequency of Hyporthodus octofasciatus (Epinephelidae), n = 460
All Years and Gears Combined

Total Length (cm)
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(ID #60) Length frequency of Plectropomus maculatus (Epinephelidae), n = 3,511
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #61) Length frequency of Plectropomus leopardus (Epinephelidae), n = 2,718
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #62) Length frequency of Variola albimarginata (Epinephelidae), n = 1,779
All Years and Gears Combined

Total Length (cm)
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(ID #63) Length frequency of Lethrinus lentjan (Lethrinidae), n = 10,741
All Years and Gears Combined

Total Length (cm)
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(ID #64) Length frequency of Lethrinus laticaudis (Lethrinidae), n = 37,399
All Years and Gears Combined
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(ID #65) Length frequency of Lethrinus nebulosus (Lethrinidae), n = 921
All Years and Gears Combined

Total Length (cm)
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(ID #66) Length frequency of Lethrinus olivaceus (Lethrinidae), n = 3,983
All Years and Gears Combined

Total Length (cm)
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SPR 57 %
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(ID #67) Length frequency of Lethrinus amboinensis (Lethrinidae), n = 3,627
All Years and Gears Combined

Total Length (cm)

F
re

qu
en

cy

20 30 40 50 60 70

0
20

0
40

0
60

0
80

0
10

00

L-infinity

L-optimumL-maturity L-max

Trade Limit

5 % 31 % 64 % Trade Limit 28 cm
L-maturity 27 cm
L-optimum 36 cm
L-infinity 54 cm
L-max 60 cm
Lx-codrs 57 cm
SPR 44 %
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(ID #68) Length frequency of Lethrinus rubrioperculatus (Lethrinidae), n = 339
All Years and Gears Combined

Total Length (cm)
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SPR 63 %
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(ID #69) Length frequency of Wattsia mossambica (Lethrinidae), n = 8,300
All Years and Gears Combined

Total Length (cm)
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(ID #70) Length frequency of Gymnocranius grandoculis (Lethrinidae), n = 17,655
All Years and Gears Combined

Total Length (cm)
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SPR 66 %
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(ID #71) Length frequency of Gymnocranius griseus (Lethrinidae), n = 2,586
All Years and Gears Combined

Total Length (cm)
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(ID #72) Length frequency of Carangoides coeruleopinnatus (Carangidae), n = 4,399
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #73) Length frequency of Carangoides fulvoguttatus (Carangidae), n = 674
All Years and Gears Combined

Total Length (cm)
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(ID #74) Length frequency of Carangoides malabaricus (Carangidae), n = 1,111
All Years and Gears Combined

Total Length (cm)
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(ID #75) Length frequency of Carangoides chrysophrys (Carangidae), n = 9,359
All Years and Gears Combined

Total Length (cm)
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(ID #76) Length frequency of Carangoides gymnostethus (Carangidae), n = 3,085
All Years and Gears Combined

Total Length (cm)
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(ID #77) Length frequency of Caranx bucculentus (Carangidae), n = 6,912
All Years and Gears Combined

Total Length (cm)
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SPR 32 %
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(ID #78) Length frequency of Caranx ignobilis (Carangidae), n = 3,016
All Years and Gears Combined

Total Length (cm)
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(ID #79) Length frequency of Caranx lugubris (Carangidae), n = 284
All Years and Gears Combined

Total Length (cm)
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SPR near 100 %
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(ID #80) Length frequency of Caranx sexfasciatus (Carangidae), n = 4,917
All Years and Gears Combined

Total Length (cm)
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SPR 46 %
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(ID #81) Length frequency of Caranx tille (Carangidae), n = 2,511
All Years and Gears Combined

Total Length (cm)
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SPR 40 %
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(ID #82) Length frequency of Elagatis bipinnulata (Carangidae), n = 1,941
All Years and Gears Combined

Total Length (cm)
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Lx-codrs 104 cm
SPR 70 %
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(ID #83) Length frequency of Seriola dumerili (Carangidae), n = 615
All Years and Gears Combined

Total Length (cm)
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34 % 52 % 14 % Trade Limit 55 cm
L-maturity 72 cm
L-optimum 96 cm
L-infinity 144 cm
L-max 160 cm
Lx-codrs 160 cm
SPR 10 %
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(ID #84) Length frequency of Seriola rivoliana (Carangidae), n = 4,902
All Years and Gears Combined

Total Length (cm)

F
re

qu
en

cy

20 40 60 80 100 120 140 160

0
10

0
20

0
30

0
40

0
50

0
60

0

L-infinity

L-optimumL-maturity L-max

Trade Limit

25 % 47 % 27 % Trade Limit 60 cm
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L-optimum 81 cm
L-infinity 122 cm
L-max 135 cm
Lx-codrs 132 cm
SPR 18 %
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(ID #85) Length frequency of Erythrocles schlegelii (Emmelichthyidae), n = 5,111
All Years and Gears Combined

Total Length (cm)
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2 % 28 % 70 % Trade Limit 54 cm
L-maturity 41 cm
L-optimum 54 cm
L-infinity 81 cm
L-max 90 cm
Lx-codrs 90 cm
SPR 70 %
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(ID #86) Length frequency of Argyrops spinifer (Sparidae), n = 3,024
All Years and Gears Combined

Total Length (cm)
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5 % 38 % 56 % Trade Limit 28 cm
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L-optimum 33 cm
L-infinity 50 cm
L-max 55 cm
Lx-codrs 54 cm
SPR 44 %
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(ID #87) Length frequency of Dentex carpenteri (Sparidae), n = 1,680
All Years and Gears Combined

Total Length (cm)
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0 % 3 % 97 % Trade Limit 28 cm
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L-optimum 27 cm
L-infinity 41 cm
L-max 45 cm
Lx-codrs 42 cm
SPR 65 %
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(ID #88) Length frequency of Glaucosoma buergeri (Glaucosomatidae), n = 4,341
All Years and Gears Combined

Total Length (cm)
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2 % 25 % 73 % Trade Limit 30 cm
L-maturity 32 cm
L-optimum 42 cm
L-infinity 63 cm
L-max 70 cm
Lx-codrs 70 cm
SPR near 100 %
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(ID #89) Length frequency of Diagramma labiosum (Haemulidae), n = 3,986
All Years and Gears Combined

Total Length (cm)
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0 % 5 % 95 % Trade Limit 37 cm
L-maturity 36 cm
L-optimum 48 cm
L-infinity 72 cm
L-max 80 cm
Lx-codrs 78 cm
SPR 69 %

118



THE NATURE CONSERVANCY INDONESIA FISHERIES CONSERVATION PROGRAM
AR_ASSESSMENTGUIDE_170219

(ID #90) Length frequency of Diagramma pictum (Haemulidae), n = 13,547
All Years and Gears Combined

Total Length (cm)
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19 % 31 % 50 % Trade Limit 37 cm
L-maturity 38 cm
L-optimum 51 cm
L-infinity 77 cm
L-max 85 cm
Lx-codrs 81 cm
SPR 55 %
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(ID #91) Length frequency of Pomadasys kaakan (Haemulidae), n = 10,523
All Years and Gears Combined

Total Length (cm)
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1 % 14 % 85 % Trade Limit 27 cm
L-maturity 29 cm
L-optimum 39 cm
L-infinity 59 cm
L-max 65 cm
Lx-codrs 64 cm
SPR 56 %
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(ID #92) Length frequency of Cookeolus japonicus (Priacanthidae), n = 1,853
All Years and Gears Combined

Total Length (cm)
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5 % 31 % 65 % Trade Limit 28 cm
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L-optimum 39 cm
L-infinity 59 cm
L-max 65 cm
Lx-codrs 62 cm
SPR 45 %
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(ID #93) Length frequency of Sphyraena barracuda (Sphyraenidae), n = 658
All Years and Gears Combined

Total Length (cm)
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6 % 38 % 56 % Trade Limit 69 cm
L-maturity 68 cm
L-optimum 90 cm
L-infinity 135 cm
L-max 150 cm
Lx-codrs 147 cm
SPR 52 %
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(ID #94) Length frequency of Sphyraena forsteri (Sphyraenidae), n = 1,258
All Years and Gears Combined

Total Length (cm)
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13 % 38 % 49 % Trade Limit 49 cm
L-maturity 32 cm
L-optimum 42 cm
L-infinity 63 cm
L-max 70 cm
Lx-codrs 68 cm
SPR 57 %
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(ID #95) Length frequency of Sphyraena putnamae (Sphyraenidae), n = 1,114
All Years and Gears Combined

Total Length (cm)
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44 % 37 % 18 % Trade Limit 71 cm
L-maturity 59 cm
L-optimum 78 cm
L-infinity 117 cm
L-max 130 cm
Lx-codrs 130 cm
SPR 31 %
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(ID #96) Length frequency of Parascolopsis eriomma (Nemipteridae), n = 1,697
All Years and Gears Combined

Total Length (cm)

F
re

qu
en

cy

10 15 20 25 30 35 40 45

0
20

0
40

0
60

0
80

0

L-infinity

L-optimumL-maturity L-max

Trade Limit

0 % 5 % 95 % Trade Limit 22 cm
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L-infinity 32 cm
L-max 35 cm
Lx-codrs 34 cm
SPR 78 %
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(ID #97) Length frequency of Ostichthys japonicus (Holocentridae), n = 475
All Years and Gears Combined

Total Length (cm)
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5 % 16 % 79 % Trade Limit 26 cm
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L-optimum 30 cm
L-infinity 45 cm
L-max 50 cm
Lx-codrs 47 cm
SPR 81 %
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(ID #98) Length frequency of Rachycentron canadum (Rachycentridae), n = 2,038
All Years and Gears Combined

Total Length (cm)
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19 % 53 % 28 % Trade Limit 67 cm
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L-optimum 90 cm
L-infinity 135 cm
L-max 150 cm
Lx-codrs 145 cm
SPR 21 %
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(ID #99) Length frequency of Protonibea diacanthus (Sciaenidae), n = 1,601
All Years and Gears Combined

Total Length (cm)
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24 % 44 % 32 % Trade Limit 46 cm
L-maturity 61 cm
L-optimum 81 cm
L-infinity 122 cm
L-max 135 cm
Lx-codrs 130 cm
SPR 42 %
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(ID #100) Length frequency of Atrobucca brevis (Sciaenidae), n = 55,574
All Years and Gears Combined

Total Length (cm)
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3 % 70 % 26 % Trade Limit 46 cm
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L-optimum 45 cm
L-infinity 68 cm
L-max 75 cm
Lx-codrs 75 cm
SPR 12 %
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