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Abstract—Analysis of the life his-
tory of the thumbprint emperor (Le-
thrinus harak) sampled from Saipan
Lagoon during 2005-2006 revealed
sex-specific differences in von Ber-
talanffy age and growth parameters.
Length at 50% reproductive matu-
rity was estimated as 19.6 cm fork
length (FL) for females and as 18.7
cm FL for males for the correspond-
ing ages of 2.6 and 2.4 years. Avail-
able data from several sources for
this data-poor coral reef fish were
analyzed to assess its population
status in Saipan Lagoon, Northern
Marianna islands. Estimates of to-
tal mortality (Z) within the period
2005-2011 were derived by using
length-converted catch-curve analy-
sis and the Chapman—Robson esti-
mator. Natural mortality (M) was
estimated from 3 models based on
applicable observations and param-
eter estimates derived from data for
thumbprint emperor in Saipan La-
goon. Exploitation ratios (E) derived
with combinations of Z and M esti-
mators within the period 2005-2011
showed a wide disparity, although
no estimate of average annual E ex-
ceeded 0.5 (an E over that threshold
would have indicated overexploita-
tion). Location-specific life history
studies should be pursued to sup-
port local research and management
goals. Standardized methods for the
estimation of life history parameters
would allow empirical comparisons
between regions.
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Coral reef fishes of the family Le-
thrinidae, the emperors, are widely
distributed throughout the tropical
and subtropical Indo-Pacific, where
they are primary targets of important
commercial and noncommercial fish-
eries (Carpenter, 2001). Annual glob-
al landings of emperors rose sharply
beginning in the mid-1970s and
started to level off at about 84,000
metric tons (t) in the mid-1990s, ac-
cording to statistics accessed through
the Food and Agriculture Organiza-
tion of the United Nations, FAO ap-
plication FishStatd, vers. 2.2.0 (Cap-
ture Production data set, available at
website). As a result of the increase
in landings, numerous studies have
been directed at estimating life his-
tory characteristics for lethrinid spe-
cies that are targeted in commercial
and noncommercial fisheries (Brown
and Sumpton, 1998; Laursen et al.,
1999; Grandcourt, 2002; Kulmiye et
al., 2002; Sumpton and Brown, 2004;
Ebisawa, 2006; Williams et al., 2007;
Ebisawa and Ozawa, 2009; Trianni,
2011; Currey et al., 2013), and addi-
tional studies have focused on other
topics, including demographics (spa-
tial and temporal), status designa-
tions, or both (Dalzell et al., 1992;
Williams et al., 2003; Williams et al.,
2007; Grandcourt et al., 2010; Taylor
and Mcllwain, 2010).

For most coral reef fishes caught in
the central and western Pacific under

U.S. jurisdiction, landings data are
inconsistent or unreliable and there
is a lack of estimates for jurisdic-
tion-specific life history parameters
(WPRFM1). As a result, these data of-
ten are insufficient to support formal
stock assessments. The issue of data-
poor fishery resources has in recent
years led to an array of techniques
designed to address data shortfalls.
Examples of such approaches were
specific natural mortality estimates,
extended time-series of landings, or
both (MacCall, 2009; Dick and Mac-
Call, 2011); stock assessments with
hierarchical Bayesian models that
allow data for poor-data species to
be borrowed from data for similar
species for which “good-quality data”
exist in single (Jiao et al., 2011) or
multispecies fisheries (Punt et al.,
2011); and density ratios that re-
flect both larval dispersal and adult
movement patterns for species that
occur within and outside of function-
al marine protect areas (McGilliard
et al., 2011). The data required for
these methods tend to differ from or
exceed existing information for coral
reef fisheries in U.S. jurisdictions in

1 WPRFMC (Western Pacific Regional
Fishery Management Council). 2009.
Fishery ecosystem Plan for the Mariana
Archipelago, 231 p. Western Pacific
Regional Fishery Management Council,
Honolulu. [Available at website]


http://www.fao.org/fishery/statistics/global-capture-production/en
http://www.wpcouncil.org/fishery-plans-policies-reports/marianas-fishery-ecosystem-plan/
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Figure 1
Map of the island of Saipan in the Mariana Archipelago
showing the spatial extent of Saipan Lagoon and the

boundaries of the Managaha Marine Conservation Area
(MMCA).

the central and western Pacific; therefore, the applica-
tion of these techniques for U.S. Pacific Island fisheries
is limited. Species-specific evaluation in U.S jurisdic-
tions will need to occur on a case-by-case basis and
incorporate appropriate levels of analysis.

A protogynous hermaphrodite, the thumbprint em-
peror (Lethrinus harak), ranges throughout the Indo-
Pacific region, including the Red Sea, where it is found
in various habitats, including mangroves, lagoon sea-
grass habitats (Carpenter, 2001; Shibuno et al., 2008;
Nakamura et al., 2009), expanded reef flats (Taylor and
MeclIlwain, 2010), and sand environments on protected
outer reef slopes (Myers, 1999). This species occurs
solitarily or in groups of a few individuals and exhibits
high diurnal site fidelity (Nanami and Yamada, 2009).
Its diet consists of benthic invertebrates and small
fishes (Carpenter, 2001). The thumbprint emperor can
be a dominant species in landings from nearshore fish-
eries for which the primary methods of capture include
gill nets, surround nets, and hook and line (Dalzell et
al., 1996; Carpenter, 2001; Ebisawa, 2006; Taylor and
Mecllwain, 2010).

At Saipan in the Commonwealth of the Northern
Mariana Islands (CNMI), the thumbprint emperor is
a numerically dominant reef fish species in Saipan
Lagoon. Historically, this fish was primarily harvested
with gill and surround nets and, to a lesser extent,

with hook and line and by free-dive spearfishing. Since
December 2003, the use of gill nets, drag nets (which
are gill nets dragged along the bottom in a manner
similar to that used with beach seines), and surround
nets in the CNMI have been restricted by the CNMI
Department of Lands and Natural Resources (DLNR),
and their use is allowed only for annual cultural fi-
estas through a special exemption granted by the
DLNR. Hook and line has become the primary har-
vest method, followed by free-dive spearfishing. Given
the importance of the thumbprint emperor as a major
component of the coral reef fish community in Saipan
Lagoon and the lack of biological data for this species,
the DLNR Division of Fish and Wildlife (DFW) con-
ducted research from 2005 through 2006 during which
period age and growth and reproductive data were col-
lected. This data collection effort corresponded with
the commencement of a DFW creel survey program
in 2005 that was designed to reflect fishing activity in
Saipan Lagoon.

The objective of the present study was to use the
thumbprint emperor as an example species in an ex-
amination of the challenges in assessing data-poor fish-
eries. This work drew on available data pertinent to
the thumbprint emperor from Saipan Lagoon and this
article presents estimates of life history parameters
and mortality rates from 2 models for total mortality
(Z) and 3 models for natural mortality (M). Generated
rates of exploitation of the thumbprint emperor are
provided here, along with biological and fishery met-
rics, to examine the status of this species in Saipan
Lagoon.

Materials and methods
Study site

Saipan Lagoon extends along the western side of the is-
land of Saipan and is bordered by a nearly continuous
barrier reef (Fig. 1). The habitat that covers the larg-
est amount of area in Saipan Lagoon is composed of
unconsolidated sands, followed, in descending size, by
a deeper (>7 m average depth) sandy area interspersed
with consolidated coral reef structure (deep patch-reef),
seagrass beds (Halodule spp. and Enhalus spp.), mid-
lagoon zones of coral rubble, and backreef. Depths in
Saipan Lagoon range from <1 m in nearshore areas to
about 15 m in the main shipping channel. The lagoon
serves as the primary area for a variety of recreational
activities that do not involve the extraction of resourc-
es, as well as the primary grounds for noncommer-
cial and commercial fishing for the island of Saipan.
The principal fishing gears include hook and line,
free-dive fishing with a spear gun, and cast net or tala-
ya. Spearfishing with scuba gear is prohibited through-
out the CNMI by public law (CNMI Admin. Code
§ 85-30.1-401). The restrictions on net use issued by
DLNR allow a total annual catch of reef fish of about
907 kg (2000 1b). The no-take Managaha Marine Con-
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from Saipan Lagoon during 2005-2006.

Table 1

Macroscopic sex-specific gonad criteria used to assign maturity class to thumbprint emperor (Lethrinus harak) collected

Stage Male

Female Maturity class

Gonads long and slender, threadlike, and
translucent.

1 Immature

Grayish-white in color, beginning to
swell in girth.

2 Developing

Thickened, white to beige in color,
blood vessels visible, milt exudes when
gonad is squeezed. For gonads with fur-
ther thickening, milt exudes on slight
pressure.

3 Mature or ripe

4 Spent Flaccid in appearance, thickened gonad
wall loose and furrowed. Little to no milt

exudes upon application of pressure.

Gonads long and slender, transparent or Inactive

pinkish in color. Oocytes not discernible.

Ovaries elongated, some beginning to Active
swell in girth. Individual oocytes not
discernible. Some blood vessels apparent.

Color pink to light pink.

Ovaries long and swollen with large Active
oocytes visible through thin ovary wall.

Blood vessels easily visible or disappear-

ing. Color dark pink to red. Ova easily

exuded upon application of pressure.

Blood vessels disappearing. Color yellow

to orange.

Ovaries flaccid, partially empty in ap- Active
pearance, and color faded from dark yel-

low to brown. Ovary wall thick.

servation Area (MMCA) surrounds Managaha Island, a
cay within Saipan Lagoon, and includes fringing reef,
coral and rubble, deep patch-reef, and sand-dominated
habitats.

Data sources: fishery independent

Sampling During 2005-2006, staff working in the
DFW life history program obtained monthly samples
of thumbprint emperor, using hook and line, to develop
estimates of reproduction, age, and growth. Specimens
were measured to the nearest 1 cm in fork length (FL)
and weighed to the nearest 0.1 g. Sex of fish was de-
termined and fish were assigned to a status of either
immature or sexually active (mature) on the basis of
macroscopic examination (Table 1). Excised whole go-
nads were weighed to the nearest 0.01 g with an elec-
tronic scale. To process them for reading, sagittal oto-
liths were embedded in epoxy resin, cut transversely
into 300-500 pm sections through the otolith core by
using a low-speed saw, and were smoothed with abra-
sive paper of 600-1200 grit until the annuli were visi-
ble. These sections were then mounted on a glass slide
with thermoplastic cement and hand polished with 0.3-
pm alumina powder (Choat et al., 1996).

With the use of a dissecting microscope with trans-
mitted light, each sectioned and mounted otolith was
read randomly 3 times for counts of annual increments
between the core and outer otolith edge.

The final age was decided when 2 of the readings
agreed (Choat and Axe, 1996). The margins of otoliths
were assessed and assigned to one of the 3 classifica-
tions based on the relative stage of marginal increment

formation. Margins were classified as thin if opaque
material was visible but not necessarily continuous
around the otolith margin; medium wide if there was
a continuous increment of translucent material that
was less than two-thirds complete (based on the width
of the prior translucent increment) and visible on the
outermost margin of the opaque increment; and wide
if the marginal translucent increment was more than
two-thirds complete. A classification of thin was indica-
tive of a new annual mark and counted as a year. Oto-
lith processing, age determination, and marginal edge
analysis were conducted by the fish aging laboratory at
James Cook University, Townsville, Australia.

Biomass surveys The DFW conducted underwater vi-
sual census (UVC) surveys in 2004, 2007, and 2011
in the southern portion of Saipan Lagoon to mea-
sure the influence of restrictions on net use imposed
in December 2003. In these surveys, 4 major lagoon
habitat units were surveyed on the basis of dominant
substrate by using belt transects of 25x5 m (counts of
10-15 min) for fish <20 ¢cm FL and by using station-
ary point counts with a 10-m radius (8-min duration)
for fish 220 cm FL. For these surveys, standard DFW
fishery-independent UVC techniques were used and
the surveys were conducted by using a proportional al-
location design (Cochran, 1977). Additionally, the same
UVC survey techniques were used to estimate biomass
of thumbprint emperor for the deep patch-reef habitat
in the MMCA. Results from these surveys were used
to obtain estimates of total biomass of thumbprint em-
peror from Saipan Lagoon for 2007 and 2011 by using
the following equations (Cochran, 1977):
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XH:Z}IL{EhX%and (1)

Y=XyxH, (2)

where Xy = overall habitat mean (g/m?);
Xy = habitat unit mean (g/m2);
H = total size all habitats (m2);
h = habitat unit size (m?); and
Y = estimated total (g).

Biomass estimates of thumbprint emperor were not
available from 2007 because most individuals of Lethri-
nus were recorded only at the genus level. As a result,
although there is uncertainty in the amount of error
associated with this approach, the biomass of species
of Lethrinus estimated for 2007 was multiplied by the
proportion of species of Lethrinus identified as thumb-
print emperor in surveys in which UVC methods were
used during 2011.

Data sources: fishery dependent

Inshore creel survey The DFW currently operates an
inshore creel survey (ICS) that targets Saipan Lagoon.
The ICS collects data on nonvessel fishing activities
that involve gear that includes hook and line, free-dive
with a spear gun (pachinko and cast net [talaya]). For
this study, length-frequency data and estimated an-
nual landings of the thumbprint emperor for the years
2005-2011 were obtained from the ICS database.

Exemptions from net-use restrictions In December 2003,
the DLNR established regulations that prohibit the use
of gill, drag, and surround nets, except as exempted
by the DLNR for special cultural events, such as an-
nual fiestas. Catch quotas of 68-136 kg (from 150 to
300 1b) with a 2-to-3-day time limit were established
for exemptions (net-use exemptions, NUE, under an
annual limit of 907 kg [2000 1b.]) For all fishing activi-
ties exempted from DLNR regulations through 2011,
surround nets (chenchulun umesugon) were used and
the landings taken under these exemptions were moni-
tored by the DFW. In this study, landings taken under
the NUE were used in estimating total annual land-
ings and recording length-frequency measurements for
thumbprint emperor.

Tracking commercial landings In the CNMI, the pri-
mary means of tracking commercial landings of coral
reef fishes is the DFW Commercial Purchase Database
System (CPDS), a database that tracks commercial
purchases and sales recorded on trip tickets provided
by DFW and voluntarily submitted by vendors. Ad-
ditionally, in 2011, a biosampling program (BSP) for
coral reef fish commenced in the CNMI. Several times
a week, the BSP sampled reef fish for species identi-
fication, length frequency in centimeters in FL, and
body weight in grams from randomly selected catches
of fishermen before commercial sale. The BSP also col-
lected daily data on vendor purchases from fishermen,

in an effort similar to that of the CPDS. In 2011, the
BSP sampled 19% of total reef fish landings from the
coral reef spear fishery. The proportion of thumbprint
emperor among the total biomass of coral reef fishes
recorded during the BSP sampling in 2011 was used
to estimate total landings of thumbprint emperor by
multiplying the proportion of thumbprint emperor by
the estimated CPDS annual landings of lethrinids dur-
ing 2006—2011.

Data analyses

Size at maturity Data from the macroscopic determina-
tion of sex and reproductive status were partitioned
into 1-cm-FL classes for the analysis of female length
at 50% maturity (Lsy), female age at 50% maturity
(As5p), and length (Ly) and age (Ap) at 50% sex transi-
tion from female to male. A logistic model was used for
these estimations:

P=1/1+""%0), (3)

where a and b = the fitted model constants;
P = the percent mature or transitioned in
length or age class,
X; = length or age class; and

L50 or A50 = —%.

This model was weighted by the square root of the
numbers of fish in each length class, and the regres-
sion parameters were estimated by using maximum
likelihood with a binomial logistic link function. Bias-
corrected percentile confidence intervals were produced
around all estimates from 1000 resamples drawn with
replacement (R Core Team, 2015).

Age and growth A nonlinear least squares model was
used to fit the standard von Bertalanffy growth func-
tion (VBGF) (von Bertalanffy, 1938) to length-at-age
data. The VBGF is defined with the following equation:

L =L (1—e ) 4)

where Lt = the length at time ¢
L_ = the asymptotic length;
k = the Brody growth coefficient; and
t, = the theoretical age at which length is equal
to 0.

Data were fitted both by not constraining ¢, and by
constraining it to an estimated age at settlement from
Japan (Nakamura, et al. 2010). Growth curves generat-
ed from the VBGF fitting procedure were subsequently
tested for equality by using the analysis of residual
sum of squares (ARSS) method developed by Chen et
al. (1992) for male and female comparisons. Parameters
of the length—weight relationship were obtained by fit-
ting the following power function

W =a x FL» (5)
to length and weight data,
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where W = the total wet weight; and
a and b = the associated equation constants (R Core
Team, 2015).

Total mortality The expectation—maximization algo-
rithm approach developed by Hoenig and Heisey (1987)
was used to create length—age keys from the 2005 and
2006 life history data, and those keys were used to es-
timate age groups from length-frequency data collected
in subsequent years from the ICS and NUE data. The
annual instantaneous rate of Z was subsequently de-
termined with the age-based catch-curve (CC) method
(Beverton and Holt, 1957) in its linearized form:

In(C,) = In(Ny) — Zt, (6)

where C; =the catch in year ¢;
Ny =recruitment into cohort; and
Zt =the instantaneous rate of Z at age ¢.

The descending limb of the plot of the natural loga-
rithm of relative abundance versus age (time) was used
to estimate Z with exclusion of derived age groups be-
yond the first age class where one or fewer individuals
were observed (Dunn et al., 2002). Additionally, Z was
estimated by using the maximum likelihood estimator
for catch curves developed by Chapman and Robson
(Chapman and Robson, 1960; Robson and Chapman,
1961):

Z:flog[ %

n+T— 1]’
where n = the total number of fish observed on the de-
scending limb of the catch curve, defined as
fully recruited; and
T = the fish ages on the descending limb of the
catch curve, where the first fully recruited
age is set to 0.

Estimates of Z from the use of both methods, and both
age-length keys, were generated yearly as permitted
by the availability of data from the ICS, as well as the
availability of the NUE data.

Natural mortality Three models were used to estimate
the instantaneous rate of M. For one model, the pre-
dictive equation developed by Hoenig (1983) was used,;
the equation relates the maximum age observed in a
stock to M:

In(M) = 1.46 x 1.01 x In(tyy ), (8)

where ¢, = the maximum age observed in the
population.

Another model was Lorenzen’s (1996) power function of
weight for natural populations:

M = 3W-0-288 9)
where W is weight (g).

Finally, the third model was the mortality estimator
based on the empirical equation by Gislason et al.
(2010):

LogM = 0.55 — 1.61logL + 1.44L_ logk, (10)

where L = the fish fork length;
L_ = the asymptotic length; and
k = the instantaneous growth coefficient.

Spawning potential ratios Goodyear (1993) summarized
the concept of spawning potential ratio (SPR) and eval-
uated it against other traditional fisheries reference
points, defining SPR as a ratio of the potential recruit
fecundity (P) in an exploited stock to the potential re-
cruit fecundity in an unexploited stock:

SPR — Pished (11)
unfished
where P = Y7 (B, + Fr,)«exp” "M, (12)

n = the number of female length classes;
E =the mean fecundity of females at length i;
Fr; = the fraction of females at length i that were
mature;
Fi = the fishing mortality rate of females at age i;
and
M = the natural mortality rate of females at age
i

The SPR was estimated by calculation of P in the ab-
sence of fishing mortality (F=0) and with various lev-
els of fishing mortality (¥>0). Length classes included
the smallest mature female and the largest measured
female observed during sampling by the DFW during
2005—-2006.

Mean fecundity per size class for thumbprint em-
peror was estimated by using the fecundity relation-
ship (batch fecundity=1.58x 0-3xFL?2) provided by
Ebisawa (1990) for the spangled emperor (Lethrinus
nebulosus), a phylogenetically related species (Lo Galbo
et al., 2002) with similar trophic-level characteristics
(Carpenter, 2001). The fraction of females that were
mature for a specific FL. was estimated from collected
length-at-maturity data. The fishing mortality rate
was multiplied by a selection coefficient that was as-
sumed to increase linearly with length from 0.0 at 1
cm less than the smallest length sampled to 1.0 at 1
cm greater than the modal length in the length dis-
tribution. Through the use of growth parameter esti-
mates derived from the VBGF, M was estimated from
the empirical equation of Gislason et al. (2010) and ap-
plied as estimated for each length class. The ratio of
estimated total annual landings of thumbprint emperor
from fishery-dependent data sources over estimated
biomass from the fishery-independent surveys conduct-
ed in 2007 and 2011 approximated estimates of fishing
mortality (Beddington and Kirkwood, 2005), and those
estimates of fishing mortality were then used to assess
SPR for the period 2005-2011.

Exploitation The exploitation ratio (E) was computed
as E=F / Z, where Z=M +F (Gulland, 1971) and F is
instantaneous fishing mortality. An E value at or near
0.5 is considered indicative of full exploitation, al-
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Table 2

Number of male and female fish sampled, percentage of fish that were male, and

sex ratio by length bin for thumbprint emperor (Lethrinus harak) collected during

2005-2006 from Saipan Lagoon. n=sample size.

Fork length (cm) n Male Female Male (%) Sex

ratio(M:F)
10.0-11.9 6 3 3 0.50 1.0:1.0
12.0-13.9 9 1 8 0.11 1.0:8.0
14.0-15.9 37 8 29 0.22 1.0:3.6
16.0-17.9 88 19 69 0.22 1.0:3.6
18.0-19.9 109 19 90 0.17 1.0:4.7
20.0-21.9 98 16 82 0.16 1.0:5.1
22.0-23.9 116 38 78 0.33 1.0:2.1
24.0-25.9 80 36 44 0.45 1.0:1.2
26.0-27.9 18 5 13 0.28 1.0:2.6
28.0-29.9 5 0 5 0.00 -
30.0-31.9 2 1 1 0.50 1.0:1.0
32.0-33.9 2 1 1 0.50 1.0:1.0

though Pauly (1984) suggested a more conservative
value of 0.2 for lower-trophic-level, small-size fish with
high recruitment variability. Although the thumbprint
emperor is a higher-trophic-level species, the value of
0.2 could serve as a lower bound for E for this spe-
cies. To obtain uncertainties around estimates of E, in
this study, uncertainties around Z and M were first
obtained by sampling with replacement (1000 resam-
ples). For Z, obtaining uncertainties was accomplished
by resampling within the ranges of the estimated an-
nual values from both the CC and the Chapman—Rob-
son (CR) methods. Estimates of M uncertainty were
derived by resampling within boundaries of applicable
model parameters: within the uncertainties (confidence
intervals) of estimated VBGF age and growth param-
eters for thumbprint emperor from this study with the
Gislason model; within the range of weights (Lorenzen
model) or lengths (Gislason model) observed from sam-
pling thumbprint emperor from this study; within the
maximum ages (Hoenig equation) of thumbprint em-
peror estimated from this study and from Taylor and
McIlwain (2010) for Guam.

Estimates of F' were subsequently derived by resa-
mpling (1000 resamples) the equivalency Z=M+F, rear-
ranged as F'=Z-M, by using results from the resampled
M and Z estimators. All analyses were conducted with
R statistical software (R Core Team, 2015).

Results

Reproduction

The overall observed male-to-female sex ratio for the
thumbprint emperor from the CNMI for the period

2005-2006 was 1.0:2.9, and females were predominant
in most size classes (Table 2). The estimated Lo and

Aso for females were 19.6 cm FL and 2.6 years, respec-
tively (Table 3). Values of the gonadosomatic index for
female thumbprint emperor began to increase concomi-
tant with a decrease in the percentage of immature in-
dividuals at size, elevating noticeably at around 19-20
cm FL (Fig. 2), with fewer samples from size classes
greater than 27 cm FL (Table 2). Estimates of age and
length at the transition from females to males were not
obtained because the expected change in sex ratio—a
change to more males and fewer females that would
indicate sex transition—was not observed (Table 2).

Age and growth

Results from the marginal edge analysis completed in
2005 and 2006 indicated that otolith accretion with a
margin classification of new (opaque material visible
on otolith margin), occurred from June through Octo-
ber (Fig. 3, A and B). The oldest individuals collected
were an age-9 male at 27.6 cm FL and an age-9 female
at 29.3 cm FL. The estimates of unconstrained overall,
sex-specific, and constrained VBGF parameters are pro-
vided in Table 4. Growth curves for the combined un-
constrained, sex-specific, and constrained model fits are
displayed in Figure 4. Estimates of L., and % for male
and female thumbprint emperor from Saipan differed
substantially; females were estimated to have a larger
L. and lower k. The ARSS model used to analyze the
sex-specific growth curves revealed significant differ-
ences between the sexes (P=0.016) and years (P=0.004).

Length frequency, biomass, and landings

Percent contributions of measured thumbprint emper-
or per length class generated from ICS and NUE data
were graphically compared with data from female and
male size histograms developed from DFW sampling in
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Table 3

Reproductive life history parameters for thumbprint emperor (Lethrinus harak) as estimated
from locations in the Indo-Pacific: female size at 50% maturity (Lsy) with confidence intervals
(CIs), female age at 50% maturity (A5, ) with CIs, length at transition from female to male
(L), age at transition from female to male (Ay), and sex ratio (M:F). The number of male and
female thumbprint emperor sampled appear in parenthesis below each location. All lengths
are fork lengths measured to the nearest centimeter.

Location Female L5, (CI) Female Az, (CI) Ly Arp M:F

Saipan 19.6 (19.1-19.9) 2.6 (2.4-2.8) - - 1.0:2.9
(150,420)

Guam! 20.8 3.8 24.1 5.38 1.0:3.8
(85,328)

Ryukyu Islands 19.52 1.0-2.03 25.52 - 1.0:1.32
(194,254)

Kenya* 24.3 - - 1.0:1.1
(386,426)

ITaylor and McIlwain, 2010.
2Ebisawa, 2006.

3Ebisawa and Ozawa, 2009.
4Kulmiye et. al., 2002.

Saipan Lagoon (Fig. 5). There was a distinct difference
in the length classes targeted by the ICS and NUE
fishermen. The ICS landed mostly smaller thumbprint
emperor in the length classes from 12 to 15 cm FL, and
NUE fishermen targeted fish in length classes from 22
to 25 cm FL. When length-class percentages from the
different data sources were overlain, NUE data cov-
ered nearly the entire male length distribution derived

from DFW sampling, whereas ICS landings consisted
primarily of smaller (Fig. 5) females and males. The
highest percentages of thumbprint emperor in annual
landings corresponded with hook-and-line landings,
as estimated from the ICS. In contrast, landings of
thumbprint emperor in 2011 from the BSP came from
free-dive spearfishing, composing about 0.8% of the es-
timated total annual BSP landings. Table 5 provides

GS1%

errors of the mean.

Fork length (cm)

Figure 2

Gonadosomatic index (GSI) values, indicated with black dots, and percentag-
es of individuals that were immature at a given fork length (cm), indicated by
gray bars, for thumbprint emperor (Lethrinus harak) collected from Saipan
Lagoon during 2005-2006. Error bars on the black dots indicate standard
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Age and growth parameters, with standard errors of the mean (SEs), for thumbprint emperor
(Lethrinus harak), as estimated for Saipan Lagoon with models that used the von Bertalanffy
growth function: asymptotic length (L..), Brody growth coefficient (&), the theoretical age at
which length is equal to 0 (¢3), and maximum age estimated (¢,,,,). The combined, constrained
model was constrained to an estimated length at settlement of 15.8 mm in fork length. All
values of L, are fork lengths given in centimeters. CI=confidence interval. n=sample size.

Table 4

Estimated categories n L., (SE) k (SE) to tmax
Male 127 27.3 (1.6) 0.377(0.035) -1.11 9
Female 369 37.2(5.7) 0.139(0.049) -2.92 9
Combined 522 30.1(1.4) 0.259 (0.041) -1.65 9
Combined CIs 27.2-32.9 0.180-0.340
Combined constrained 522 24.5 (0.288) 0.688 (0.024) 9
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Figure 3

Monthly classification of otolith margins in thumbprint emperor (Lethrinus harak) collected
from Saipan Lagoon during (A) 2005 (2=281) and (B) 2006 (n=337). The 3 classifications
were 1) thin, opaque material visible but not necessarily continuous around otolith margin,
2) medium wide, continuous increment of translucent material visible on the outermost mar-
gin of the opaque increment that was less than two-thirds complete; and 3) wide, marginal
translucent increment more than two-thirds complete.
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Fork length (cm)

Age

Fork length (cm)

Age
Figure 4

The von Bertalanffy growth curves fitted to observed fork
length over age for thumbprint emperor (Lethrinus harak)
collected from Saipan Lagoon during 2005-2006 (A) by sex
(females, n=369; males, n=127), (B) by both sexes combined
(n=522) with confidence intervals (CIs), and (C) by both sexes
combined and with the model constrained to length at settle-
ment. In, graph A, open circles represent female length at age
and x symbols represent male length at age. In graphs B and
C, open circles represent length at age.

Spawning potential ratios

Approximated baseline values of F' for 2005-2011
from the ratio of estimated total annual landings
of thumbprint emperor from fishery-dependent
data sources over estimated biomass from the
2007 and 2011 fishery-independent surveys are
given in Table 5. Estimated SPR values at vary-
ing levels of F' along with approximated values of
F and corresponding estimated SPR values from
2005 through 2011 are listed in Table 6. Estimat-
ed SPR values for the period 2005-2011 ranged
from 0.91 to 0.98 (Table 6).

Mortality

Estimates of Z with the CC and CR methods had
similar ranges: 0.326-0.867 and 0.473-0.871,
respectively. The CR model generally produced
higher estimates of Z than those produced with
the CC model for any given combination of source
data, age-length key, and year (Table 7). The es-
timates of the models were significantly different
(t-stat=6.57, df=17, P<0.00). In Figure 6, age fre-
quencies derived from DFW samples, as well as
from age-length keys for the period 2005-2006,
are overlain with estimated M derived from aver-
age length and average weight for the Gislason
and Lorenzen estimators. The M estimates from
the Gislason model were lower than the estimates
derived from the Lorenzen model for all corre-
sponding ages (Fig. 6).

Exploitation rate

Variability between the 3 estimators of M result-
ed in a wide range of estimates of exploitation
rate (Fig. 7). The E estimates from the use of M
from the Lorenzen model were negative in 4 years
when Z from the CC method was used and nega-
tive for 2 years when Z from the CR method was
used (Fig. 7). The E estimates were positive when
Z from the CC and CR methods and M from the
Gislason et al. (2010) and Hoenig (1983) methods
were used. Average values of E from the 3 year-
ly estimates are depicted as circles in Figure 7.
These estimates of E ranged from —0.082 in 2009
(Fig. 7A) to 0.341 in 2011 (Fig. 7B).

Estimates of M from the Gislason model in
which VBGF parameter ¢, was constrained to
size at settlement from Japan (15.8 mm FL; Na-
kamura et al., 2010) produced high estimates of
k, which led to high estimates of M, and no posi-

tive E values for estimates derived from Z with

biomass values from fishery-independent surveys in
2007 and 2011 and the estimated annual landings for
the period 2005-2011 that were derived from pooling
estimated landings from the ICS, NUE, and CPDS and
BSP data.

the CC and CR methods.

Discussion

Fishing pressure has been found to result in truncated
length and age frequencies (Friedlander and DeMar-
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Table 5

Estimated landings (in kilograms) of thumbprint emperor (Lethrinus harak) from Saipan Lagoon for the period 2005-2011
from the Commonwealth of the Northern Mariana Islands Division of Fish and Wildlife inshore creel survey (ICS), commer-
cial reef fish biosampling program (BSP), commercial purchase database system (CPDS), and records of net-use exemptions
(NUE), as well as estimated fishing mortality (¥) and estimated biomass from fishery-independent surveys (FIS) conducted
in 2007 and 2011. Activities covered in the ICS include free-dive spearfishing (Spear) and fishing with hook and line (H&L)
and cast nets. Total landings are given in kilograms and metric tons. The BSP did not begin until 2011.

ICS

Year  Reeffishes L. harak Spear H&L Castnet BSP  CPDS NUE Total (kg) Total (t) F FIS

2005 23,139 1310 595 711 4 - 648 108 2066 2.06 0.050 41.52
2006 25,360 2493 680 1808 5 - 940 119 3552 3.55 0.085 41.52
2007 23,349 2285 536 1748 1 - 665 231 3181 3.18 0.085 37.51
2008 18,523 1915 197 1710 9 - 623 69 2607 2.61 0.063 41.52
2009 27,201 2904 236 2653 15 - 535 33 3472 3.47 0.084 41.52
2010 11,267 471 65 405 1 - 444 5 920 0.92 0.022 41.52
2011 9342 477 0 472 5 408 3 64 948 0.95 0.021 45.41

1Estimated biomass from FIS.
2Averaged biomass from FIS estimates.
3BPS used.

tini, 2002; Graham et al., 2005; Lewin et al., 2006) and
in skewed sex ratios of hermaphroditic species (Birke-
land and Dayton, 2005; Fenberg and Roy, 2008; Shep-
herd et al., 2010), and potential effects on stock recruit-
ment (Alonzo and Mangel, 2004; Alonzo et al., 2008)
and ecosystem functioning (Zhou et al., 2010; Garcia

et al., 2012). The CNMI employs a complete ban on
spearfishing with scuba gear, as well as restrictions
on the use of gill, drag, and surround nets. Fishermen
use nets toward the central parts of Saipan Lagoon in
areas dominated by soft sediments, whereas hook-and-
line fishing occurs mostly from shore near seagrass

Frequency

Fork length (cm)

Figure 5

Length-frequency histograms for female and male thumbprint emperor (Leth-
rinus harak) from Saipan Lagoon during 2005-2006, measured by staff work-
ing in the life history program of the Commonwealth of the Northern Mari-
ana Islands Division of Fish and Wildlife (DFW), overlain with percentages of
length classes from the DFW inshore creel survey (ICS) and recorded net-use
exemptions (NUE) for the period 2005-2011.

lusdlad
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Table 6

Approximate annual values of fishing mortality (F) and estimated
spawning potential ratio (SPR) for thumbprint emperor (Lethrinus
harak) collected from Saipan Lagoon during 2005-2011. Values
were derived from estimated total landings from fishery-depen-
dent data sources and estimated biomass from fishery-indepen-
dent survey and were compared with estimated SPRs at differing

levels of F.
Estimated from annual landings Derived
Year F SPR F SPR
2005 0.05 0.95 0.00 1.00
2006 0.09 0.91 0.25 0.78
2007 0.08 0.91 0.50 0.61
2008 0.06 0.94 0.75 0.47
2009 0.08 0.92 1.00 0.37
2010 0.02 0.98 1.25 0.29
2011 0.02 0.98 1.50 0.22
1.75 0.17
2.00 0.14
2.25 0.11

beds, which have been shown to be a preferred habi-
tat for juvenile thumbprint emperor in southern Japan
(Nakamura et al., 2009). The difference in length fre-
quencies derived from the Saipan Lagoon ICS and in
those derived from NUE data indicate that shoreline

fishing targets smaller (Fig. 5) thumbprint
emperors and that fishing pressure on larger
thumbprint emperor was probably reduced as
a result of regulations on net use.
Length-frequency data in published stud-
ies from Kenya (Kulmiye, et al. 2002), Guam
(Taylor and Mcllwain, 2010), Ryukyu Islands
(Ebisawa and Ozawa, 2009), as well as from
this study in Saipan Lagoon, show that fe-
males were prominent in the largest size
classes and, except for females in Saipan La-
goon, were the largest recorded individuals
(Table 2). Kulmiye et al. (2002) concluded that
identification of hermaphroditism in thumb-
print emperor would require further study,
but Ebisawa (2006) considered the thumb-
print emperor a protogynous hermaphrodite.
Sadovy de Mitcheson and Liu (2008) did not
designate the thumbprint emperor as a pro-
togynous hermaphrodite, and, although the
seemingly complex sexuality of this species
may require further inquiry, data from Guam
provide evidence for protogyny in that popu-
lation (Taylor and Mcllwain, 2010). Ebisawa
(2006) stated that the observed difference in

sex ratio in the largest size classes in the Ryukyu Is-
lands, where females outnumbered males, was a result
of females attaining a larger maximum size than that
of males, although Ebisawa and Ozawa (2009) did not
distinguish L. between the sexes in their study. The

Table 7
Estimates of total instantaneous mortality (Z) and standard errors of the mean (SEs) from
analysis with the linearized catch-curve (CC) method and the Chapman—Robson (CR) method
for thumbprint emperor (Lethrinus harak) from Saipan Lagoon. Values are listed by fish-
ery source; inshore creel survey (ICS) or net-use exemption (NUE), year of age-length key
(2005-2006), and year of data collection (2005-2011)
Year of age— Year of data

Source length key collection Z (CC) SE Z (CR) SE
ICS 2005 2006 0.549 0.051 0.598 0.036
ICS 2005 2007 0.454 0.110 0.509 0.041
ICS 2005 2008 0.521 0.056 0.573 0.037
ICS 2005 2009 0.326 0.046 0.473 0.033
ICS 2006 2006 0.725 0.071 0.845 0.064
ICS 2006 2007 0.674 0.094 0.760 0.072
ICS 2006 2008 0.720 0.074 0.806 0.064
1CS 2006 2009 0.544 0.127 0.626 0.051
NUE 2005 2005 0.431 0.150 0.664 0.036
NUE 2005 2006 0.575 0.101 0.753 0.040
NUE 2005 2007 0.389 0.083 0.663 0.047
NUE 2005 2009 0.368 0.127 0.639 0.790
NUE 2005 2011 0.446 0.086 0.691 0.049
NUE 2006 2006 0.867 0.120 0.871 0.046
NUE 2006 2007 0.659 0.142 0.756 0.052
NUE 2006 2009 0.415 0.069 0.671 0.084
NUE 2006 2011 0.493 0.182 0.758 0.055
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Natural mortality

2005 and 2006.

Age

Figure 6

Estimates of natural mortality (M) for thumbprint emperor (Lethrinus harak)
from Saipan Lagoon during the period 2005-2006, derived from average weight-
per-age class in the Lorenzen model and from the average length-per-age class
in the Gislason model, expressed against age frequencies determined from data
provided by the life history (LH) program of the Commonwealth of the Northern
Mariana Islands Division of Fish and Wildlife (DFW) and age-length keys for

Aouanbauy aby

issue of female maximum size in the thumbprint em-
peror is important given that, in general, larger female
fish are exponentially more fecund and potentially
more beneficial to population recruitment (Birkeland
and Dayton, 2005; Fenberg and Roy, 2008).

The Ljy value for thumbprint emperor in Saipan
Lagoon (19.6 cm FL) was lower than Lj, values for
thumbprint emperor from east Kenya, 23.4 cm FL
(Kulmiye et al, 2002) and Guam, 20.8 cm FL (Taylor
and Mcllwain, 2010). Estimated L5, from the Ryuku
Islands, 19.5 em FL (Ebisawa, 2006), was similar to
the estimate from this study in Saipan Lagoon. In as-
sessing regional differences in female Ajg, the value of
Aso for thumbprint emperor in Saipan (2.6 years) was
intermediate between the estimate for Guam (Taylor
and Mcllwain, 2010) and the estimate for the Ryukyu
Islands (Ebisawa and Ozawa 2009); see Table 2. Al-
though Lt and Ar were not estimated for thumbprint
emperor in Saipan, Taylor and Mcllwain (2010) esti-
mated Ly at 24.1 ecm FL and At at 5.38 years for this
species in Guam and Ebisawa (2006) estimated Ly at
25.5 cm FL for thumbprint emperor from the Ryukyu
Islands.

Variability in estimates of Ly, could be introduced
by the differing approaches to evaluation of the matu-
rity status of gonads (e.g., gonad histology vs. macro-
scopic evaluation), by differences in the criteria used
to classify maturity status, and by differing analytical
approaches to estimation of Lj, (e.g., graphical [Kul-

miye et al., 2002] vs. statistical [Ebisawa, 2006; Taylor
and Mcllwain, 2010]). In this study of thumbprint em-
peror in Saipan Lagoon, gonad maturation was evalu-
ated macroscopically and was found to be similar to
the macroscopic stages documented by Kulmiye et al.
(2002). Taylor and Mcllwain (2010) compared macro-
scopic and microscopic gonad evaluation, and they
found that macroscopic staging was adequate 92% of
the time in determining sex of thumbprint emperor
and adequate 76% of the time in determining maturity
status. The macroscopic approach provides approximate
estimates of Lo that need to be calibrated with gonad
histological examination to evaluate the accuracy of
maturity status classifications, particularly for species
that undergo sex change. Such studies would lend sup-
port toward the goal of refining macroscopic techniques
for use in circumstances in which microscopic staging
is not possible, as well as toward the goal of under-
standing the uncertainties associated with macroscopic
staging among families of reef fishes.

Otolith annuli formation in thumbprint emperor
from Saipan Lagoon during June through October (Fig.
3, A and B) was similar to that observed by Ebisawa
and Ozawa (2009) in thumbprint emperor from the
Ryuku Islands. The similarity in estimates of Lz, and
the timing of otolith annuli formation between thumb-
print emperor from Saipan and the Ryukyu Islands
seems to indicate some level of demographic correspon-
dence in the western Pacific. However, differences in
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Exploitation ratio

Year

Exploitation ratio

Year

Figure 7

ues from the listed exploitation rate estimates for that year.

Estimated exploitation ratios for thumbprint emperor (Le-
thrinus harak) in Saipan Lagoon for the period 2005-2011,
derived from estimates of natural mortality (M) generated
from the Lorenzen and Gislason models and from the Hoenig
equation, estimates of total mortality based on results from
the use of the linearized catch curve and Chapman—Robson
methods, and estimates of fishing mortality (F) derived as F
= Z - M. Exploitation ratios estimated by using total mortal-
ity (A) with the linearized catch curve method and (B) with
the Chapman—Robson method are shown. The bars depict the
means of exploitation estimates, from 1000 simulations, with
the use of the stated natural mortality model, and error bars
indicate standard deviation. The circles are the averaged val-

Hendry, 2009), the timing of sex transition in
hermaphrodites (Hamilton et al., 2007; Gotz et
al., 2008), size and biomass spectra (Friedlander
and DeMartini, 2002; Graham et al., 2005) and,
in some cases, coral reef fish community struc-
ture through compensatory effects from decreased
predation (Dulvy et al., 2004; Ruttenberg et al.,
2011). The governments of Guam and Saipan
have implemented marine protected areas as
means to enhance fishery resources within and
outside of those areas, and the CNMI has insti-
tuted a ban on spearfishing with scuba gear and
has implemented restrictions on the use of gill,
drag, and surround nets.

The NUE data for 2005-2011 show that
thumbprint emperor composed about 35% of NUE
landings in the CNMI (Tenorio?), but historical
landings of thumbprint emperor in Saipan La-
goon by net fishing were not available for com-
parison. The commencement of the life history
project in Saipan Lagoon shortly after implemen-
tation of net-use regulations, coupled with the
22.2% decline of the Saipan population observed
in the CNMI census from 2000 to 2010, suggests
that a life history study of thumbprint emperor
should be repeated for comparative purposes. Ad-
ditionally, it would be useful to obtain life his-
tory data from an unexploited or lightly exploited
population of thumbprint emperor in the CNMI,
although acquisition of such data would be logis-
tically challenging within the populated islands
of the CNMI where unfished reef flats or embay-
ments are limited. Such a study would provide
estimates of Z directly from natural mortality
models.

The estimation of 2 with the VBGF was im-
portant in the estimation of M in one of the 3
M models used in this study and, therefore, in
the subsequent estimation of E. Constraining the
VBGF equation to the settlement size for this
species produced a high estimate of 2 and, con-
sequently, a lower estimate of L., in comparison

other life history parameters (e.g., Asy) among thumb-
print emperor from Saipan, Guam, and the Ryukyu
Islands support the need for standardized methods to
study reproductive maturity, as well as age and growth
for coral reef species. Demographic plasticity for age
and growth and in reproductive parameters pertaining
to maturity, sex change, or both (Adams et al., 2000;
Gust, 2004; Munday et al., 2006; Mariani et al., 2013)
has been documented in both gonochoristic (Choat and
Robertson, 2002; Robertson et al., 2005) and hermaph-
roditic (Gust et al., 2002; Donovan et al., 2012) species
of coral reef fish.

In addition to altering sex ratios, fishing intensity
can alter life history traits, such as length and age at
maturity (Heino and Dieckmann, 2008; Sharpe and

with the estimates from the unconstrained equa-

tion (Table 4). Constraining the VBGF model to

an estimated settlement size resulted in larger
estimates of M and in estimates of E that were subse-
quently negative, indicating that the current levels of
fishing mortality were not having a detrimental influ-
ence on the thumbprint emperor. In anchoring the fit-
ted VBGF models, in the absence of smaller specimens
in the sample, a lack of variability was assumed in the
length—age relationship below the smallest fish aged.
As shown in this study, constriction had the effect of
altering the curve from the fitted VBGF model. Obtain-
ing samples from individuals after settlement, as well

2 Tenorio, M. 2012. Personal commun. Division of Fish and
Wildlife, Department of Land and Natural Resources, Com-
monwealth of the Northern Mariana Islands, Saipan, MP
96950.
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as more samples from fish in larger size classes to en-
able more accurate estimation of variability of length
at age for these population segments, should remain a
goal of life history research, although obtaining fish of
those sizes remains a challenging task.

The ratio of estimated annual landings to fishery-
independent biomass estimates from 2005 through
2011 resulted in low values of F and subsequently to
high estimates of SPR. Also, these estimates of ¥ form
what can be considered a “rough” baseline, and the
high SPR values tend to reflect the nature of fishing
for this species. The thumbprint emperor was (and is)
not a primary target of the nighttime commercial free-
dive spear fishery in Saipan, and this species appeared
to be primarily harvested by hook and line. Data pre-
sented here indicate that larger thumbprint emperors
were harvested during fishing activities under net-use
exemption—activities that were employed frequently
in the past and that have declined since implemen-
tation of net-use regulations. One of the purposes of
the Magnuson-Stevens Fishery Conservation and Man-
agement Act is to achieve and maintain the optimum
yield from each fishery through the implementation of
fishery management plans, in which the optimum yield
is prescribed under certain circumstances on the basis
of maximum sustainable yield (MSY). Because MSY is
often difficult to estimate for data-moderate and data-
poor fisheries, U.S. Fishery Management Councils have
used SPR as a proxy for MSY-based precautionary con-
trol rules (Restrepo et al., 1998). The exploration of
new approaches in the use of SPR for evaluating the
status of data-poor fisheries has begun (Hordyk et al.,
2015).

Estimates of E were variable because they were
derived by sampling within the range of annually de-
rived estimates of Z from 2 common estimation meth-
ods (Table 7): by resampling within the M model pa-
rameter uncertainty, and through the use of derived
F estimates. Results indicate that thumbprint emperor
from Saipan Lagoon, with estimated values of average
annual E falling below 0.4, were likely not fully ex-
ploited. Still, the use of the more conservative value
of 0.2 for E, as suggested by Pauly (1984), for small
fish at lower trophic levels with high recruitment vari-
ability, would have resulted in values above 0.2 for 4 of
the 6 estimates of E determined with the CR method
to estimate Z.

In simulations where the CR method and a variety
of approaches to CC analysis were evaluated in the
presence of stochastic error, Dunn et al. (2002) found
that the CR estimator generally was more precise in
estimating true Z values, although any advantage of
the CR method over the CC method decreased with
increasing Z estimates and stochastic error. The val-
ues of Z generated in this study with the CR model
were greater than those derived with the the CC ap-
proach, and those higher values of Z resulted in larger
estimates of F and subsequently higher estimates of
E. The use of 3 equations for M and 2 approaches for
Z resulted in a range of E values, with uncertainty, for

any given year as opposed to the singular values gener-
ally produced when E is estimated. All M models come
with caveats (Kenchington, 2014), and modifications
and improvements in M estimation continue (Gislason
et al., 2010). The use of a few M models that resulted
in a range of E estimates provides ample uncertainty
that may be useful in ascertaining a relative under-
standing of species status, given a data-poor scenario
as described here.

One aspect of the results of this study that should
be highlighted is the use of size limits as a fish mortal-
ity control for protogynous species in coral reef fisher-
ies. As noted, larger thumbprint emperor are captured
in nets than those captured with the fishing methods
used in the ICS. If a size limit for thumbprint emperor
coincident with Lj, (e.g., 20 cm FL) is implemented,
about 65% of the fish landed in the ICS and 17% of the
fish landed as NUE would be prohibited from harvest.
Conversely, more than 58% of males and more than
43% of females would be harvested, including those fe-
males with the greatest fecundity and greatest impor-
tance to population recruitment.

Additionally, with respect to estimated ages, lengths,
and weights of thumbprint emperor, size limitations
would force increased fishing mortality on older and
larger size classes of females that have lower esti-
mated rates of M and greater reproductive potential
and would eliminate fishing mortality on classes with
the highest rates of M and, therefore, the best ability
to absorb fishing mortality in the population. Heppell
et al. (2006) concluded that catch and effort controls
with spatial closures should be enacted to enhance the
sustainability of hermaphroditic species, and Fenberg
and Roy (2008) noted the potential negative biologi-
cal effects of size-selective harvesting. The existence of
a large marine protected area in Saipan Lagoon, the
MMCA, and restrictions on the use of nets appear to be
beneficial for thumbprint emperor and may be for other
coral reef fish species in Saipan Lagoon.

Standardized methods for estimating life history pa-
rameters should be implemented for the macroscopic
staging of gonads and be calibrated against histological
staging (Brown-Peterson et al., 2011) because dervied
life history parameters directly influence estimates of
L5y, and L, as well as age estimation from sectioned
otoliths (Marriott et al., 2010). A standardized ap-
proach for estimation of life history parameters will
make jurisdictional and regional comparisons practi-
cal. In the case of thumbprint emperor from Saipan
Lagoon, deficiencies in sample sizes existed for indi-
viduals less than 1 year old and for those fish beyond
age 6, in comparison with other age classes. The recent
implementation of a BSP, as well as similar programs
in other U.S. jurisdictions of the central and western
Pacific, provides a useful platform for representative
sampling of the fisheries and for the standardization
of life history parameters.

The thumbprint emperor in Saipan Lagoon, unlike
many other coral reef species in the CNMI, is a da-
ta-poor species for which relatively considerable data
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were available or estimable from a number of sources.
More species-specific or species-complex data will be
required before formal stock assessments can be en-
gaged for coral reef fishes in the CNMI.
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