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ABSTRACT

To estimate the population growth parameter (maximum
sustainable yield, carrying capacity, catchability, the ratio of
initial biomass to carrying capacity and model shape pa
rameter) of larval anchovy in the southwestern waters of
Taiwan, a non-equilibrium production model was used to fit
to historical catch data and standardized CPUE series. The
results of standardized CPUE indicated that the sea surface
temperature was the most effective variable for explaining the
CPUE variation of larval anchovy abundance. This study also
evaluated impact of the uncertainty associated with the catch
and CPUE data on the model estimations using Monte Carlo
simulations. Although the impacts of the uncertain data on
the accuracy of model estimations were minor, the precision of
estimations would be deteriorated if the level of errorsin the
data source, particularly for CPUE data, was increased. In
addition, the assumption of Schafer’'s logistic production
model would be more appropriate than Fox's model which
was applied to larval anchovy in the southwestern waters of
Taiwan in previous study.

I[.INTRODUCTION

The population of larval anchovy in the southwestern
waters of Taiwan mainly consists of Engraulis japonica,
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Fig. 1. The study area (shaded) for the larval anchovy in the southwest-
ern waters of Taiwan.

Encrasicholina punctifer and Enc. heteroloba [28]. In the
southwestern waters of Taiwan near the city of Fangliao (Fig.
1), two-boat trawling was introduced in 1979 and this fishery
has rapidly expanded and replaced traditional types of fishing
gear, such as torch-light net, beach seine, and set net since
1981 [13]. However, as these three species of larval anchovy
are harvested by the same fishing gear on the same fishing
grounds and in the same fishing seasons, they have been
combined as the larval anchovy stock [1, 2, 14-16, 28]. Fig. 2
shows the effort and catch of anchovy caught from the
southwestern waters of Taiwan from 1980 to 2007 and it in-
dicated that annual total catches and efforts are significantly
varied from 68 to 1032 tons and 496 to 2702 day-vessels,
respectively. The annual catches of larval anchovy between
1981 and 1988, varying between 300-600 tons, except for very
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Fig. 2. Timeseriesof total catch (gray bars), catch from Juneand August
(black bars), total fishing effort (solid line) and fishing effort from
June to August (dashed ling) of larval anchovy fishery in the
southwestern water s of Taiwan.

high catch recorded in 1982. In 1989 and 1990, the catches
substantially increased and reached the historical peak in
1990. Thereafter, the annual catches have fluctuated with ap-
parent decreasing tendency and decreased to about 200 tons
in recent years.

Some previous studies have been conducted to explore the
relationships between abundance and environmental condi-
tions. Tsa et al. [28] aso investigated the correlations be-
tween relative abundance (catch per unit effort, CPUE) and
environmental conditions for this stock, and inferred that
the fluctuations of larval anchovy abundance were determined
by local sea surface temperature (SST) and were related to the
Southern Oscillation Index (SOI). Hsieh et al. [10] investi-
gated environmental effects on larval anchovy fluctuations
and the results indicated the correlation between abundance
and SST was transient and simply reflected El Nino Southern
Oscillation (ENSO). They aso indicated the decline of larval
anchovy during ENSO may be due to reduced China Coastal
Current.

Dueto thelow catch levelsin recent years, it is necessary to
investigate the impact of fishery exploitation on the popula-
tion dynamics for management purpose. However, larval
anchovy is a resource with short lifespan and without catch-
at-size or catch-at-age data. Since historical catch and effort
were available, the population growth parameters of larval
anchovy in the southwestern waters of Taiwan could be esti-
mated through catch-per-unit-effort (CPUE) analysis and the
surplus production models (e.g. Schaefer [26, 27] and Fox
[4]). Tsai et al. [29] have evaluated the effects of fishing effort
on stock size and catch of larval anchovy in the coastal waters
of southwestern Taiwan using univariate autoregressive inte-
grated moving average model, transfer function noise model
and equilibrium surplus production model (Fox model).

However, the traditional surplus production models as-
sumed that the stock is in equilibrium condition while the
exploited stocks are rarely in equilibrium. Previous studies

also suggested that non-equilibrium production model esti-
mators, which are based on the assumptions that the popu-
lation dynamics are deterministic and that all errors occurs
in the relationship between the model quantities and the ob-
served data, perform better than most other variants, including
the classical equilibrium approaches [20, 25]. In addition,
catch and CPUE are the key input data for surplus production
model and the uncertainty of these data would influence the
estimation of the model.

Therefore, this study attempted to evaluate the influences
of the uncertainty associated with catch and CPUE data on
population growth parameters of larval anchovy in the south-
western waters of Taiwan by using Monte Carlo simulation
approach. The estimates the population growth parameters
were estimated by fitting the non-equilibrium production
model [21] to the historical catch and standardized CPUE
data.

[I. MATERIALSAND METHODS

1. Data Used

Monthly catch in weight (kg) and effort (day-vessels)
data of larval anchovy fishery in the southwestern waters of
Taiwan from January 1981 to December 2007 was obtained
from the Fangliao Fisherman Association. The effort data of
January 2007 was not available and thus the CPUE data of
this month was excluded from the analysis of CPUE stan-
dardization.

Aggregated monthly satellite-derived AVHRR (advanced
very high resolution radiometer) sea surface temperature
(SST) dataof 0.5° x 0.5° square (22~22.5°N, 119.25~119.75°E),
including mean, standard deviation and deviation from mean
(SSTA), from January 1981 to December 2007 were obtained
from the IRI/LDEO Climate Data Library (http://ingrid.ldgo.
columbia.edu/expert/ SOURCES/IGOSS/). The values of SOI
were obtained from the National Center for Atmospheric Re-
search, USA (http://www.cgd.ucar.edu/cas/catal og/climind/soi.
html). The data of salinity were obtained from the Taiwan
Fisheries Research Ingtitute.

2. CPUE Sandardization

The nomina CPUE (defined as the catch in weight per
day-vessel) was standardized using a general linear model
(GLM) [5, 7, 12], with the assumption that the errors are
log-normally distributed. The main effects considered in this
analysis were year (Y), month (M), SST, SSTA, SOI and sa
linity. The effects of Y and M were treated as category vari-
ables and the effects of SST, SSTA, SOI and salinity were
treated as continuous variables. Because high autocorrelation
would occur among environmenta effects, the interactions
between effects were not considered in the GLM. The esti-
mation of the log-transformed model was based on the Gaus-
sian probability density function and the identity as the link
function.
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Fig. 3. Time series of monthly nominal CPUE of larval anchovy fishery
in the southwestern water s of Taiwan.

log(CPUE) =Y +M +SST + SSTA + SOI + Sdlinity + £
2 D
£~N(0,0°)

In this study, yearly time scale was adopted to explore
the trend of standardized CPUE instead of monthly scale that
was commonly used for previous studies, and this facilitates
the representation of CPUE pattern (Fig. 3 and Fig. 4). The
annual standardized CPUES were computed from the adjusted
means (i.e. least square means or marginal means defined by
SAS Ingtitute Inc.) of the estimates of the year effect [7]. The
GLM analysis was conducted using R version 2.13.2 (The R
Development Core Team, 2011).

3. Population Growth Parameter Estimates

The parameters of the maximum sustainable yield (MSY),
carrying capacity (K), catchability (q), the ratio of initial
biomass to K (B,/K) and model shape parameter (the ratio of
biomass at MSY level to K, ¢ = Bys/K) were selected to ex-
plore the influences of uncertainty associated with catch and
CPUE data on model estimates.

The estimations were implemented using computer pro-
gram of A Stock-Production Model Incorporating Covariates
(ASPIC version 5 [22]) with the direct optimization method.
The non-equilibrium surplus production model [21] was used
to estimate the population growth parameters and the gener-
alized model developed by Pella and Tomlinson [19] and
restructured by Fletcher [3] was adopted in this study. The
method adopted in this study included the estimation condi-
tional on observed catch, assuming lognormal observation
error in catch, and the parameters of the models were esti-
mated by minimizing the objective function, which isthe sum
of squared residualsin the logarithm of the relative abundance
index (i.e. standardized CPUE in this study).

4. Evaluating Uncertainty Using Simulation

The influences of the uncertainty associated with catch
and CPUE data on model estimates were performed using

0.9
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Fig. 4. Time series of nominal, standardized and model estimated CPUE
of larval anchovy fishery in the southwestern water s of Taiwan.

the Monte Carlo simulation method. The observed catch and
standardized CPUE data sets are assumed to be the “true”
data and the artificial data sets were generated by adding the
noises to the “true” catch (C;) and CPUE (1) data[31]. Based
on the approach of Wang et al. [31], the simulated catch
data (C") are generated by adding log-normally distributed

observation error (vc; ve~N(0, 6 )) to the “true” catch data:
C/=C,ee /2 )

The smulated CPUE data (I{") are generated by adding
log-normally distributed observation error (v;; v~N(0, 67)) to
the “true” CPUE data:

1/ =1,"""2 ©)

The production model was then fitted to the simulated data
setsto provide the estimates of the quantities of interests. The
sensitivity of the results to all combinations of three levels of
error when quantifying the catch and CPUE was examined
(oc and o; were set to be 0.01, 0.05 and 0.10, separately). A
total of 100 simulation runs was conducted for each data set
with a specific level of error.

The influence of uncertain data on the estimates of the
model was quantified for each Monte Carlo replicate and
parameter by the relative error [25, 31]:

El = Q'j(;.Qj %100 (%)

where E/ is the relative error (%) for simulation i and pa-

rameter j, Qii is the value for simulation i and parameter |

provided by the estimation model, and Q' is the value for
parameter j obtained by fitting the model to the “true” data.
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Table 1. Analysis of variancetable for GLM analysisfor CPUE of larval anchovy fishery in the southwestern water s of

Taiwan.
(A) The summary for the model
Source Degree of freedom Sum of sguares Mean sgquares F-value P-value
Model 41 76.84 1.8743 5.62 < 0.0001
Error 235 78.32 0.3333
Total 276.00 155.1691
(B) The summary for effects
Variable Degree of freedom Sum of squares Mean squares F-value P-value
Y 26 44.48 1.7109 513 <0.0001
M 11 29.72 2.7017 8.11 < 0.0001
SST 1 144 1.4426 433 0.0386
SSTA 1 1.29 1.2897 3.87 0.0500
SOl 1 0.69 0.6944 2.08 0.1502
Salinity 1 1.03 1.0346 3.10 0.0794

The median of relative error (MRE) and inter-quartile range
(IQR) of relative error were used to explore the accuracy and
precision of parameter estimates obtained from various levels
of observation errors[31].

[11.RESULTS

1. Analysisof CPUE Standardization

Based on the results of GLM analysis, it is obvious that the
year and month effects are the most influential variables on
CPUE variation and they explained about 48% of total vari-
ance (Table 1). This is not surprising because there are ap-
parent yearly trend and seasonal fluctuation in CPUE (Fig. 3
and Fig. 4). However, the explanation abilities of hydro-
graphic effects on CPUE variation are much lower than year
and month effects and they explained 0.45% to 0.93% of
total variance even though the SST effects is statistically sig-
nificant (Table 1). The effects of SOI and Salinity were elimi-
nated in final GLM for obtaining the standardized CPUE.

Annual nomina and standardized CPUE are shown in
Fig. 4. Thetrend of nominal CPUE obviously fluctuated with
adecline pattern before 1996, in which the standardized CPUE
decreased to lowest value than ever, and fluctuated with a
dlightly increasing pattern thereafter. Standardized CPUE
generaly follows the trend of nominal CPUE but it represents
arelatively apparent trend with lower fluctuation, particularly
for the time series before early 1990s.

Fig. 5 represents the comparison between the annual trend
of standardized CPUE and the annual trends of hydrographic
variables used in CPUE standardization. The results reveal
apparent patterns between standardized CPUE and the vari-
ables related SST. Before 1996, the decline of standardized
CPUE generally accompanied the increase of SST, and lower
values of CPUE aso occurred in the year with higher SST.
Nevertheless, the peaks of standardized CPUE appeared to
occur in the years with peaks of SST and SSTA since 1996.

Standardized CPUE
300 500

100

SS
26 27 28 29

<
o
<

<
=
)
1%
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335
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Fig. 5. Annual trends of standardized CPUE of larval anchovy, SST,
SSTA, SOI and Salinity in the southwestern waters of Taiwan.
Dashed line showsthe year of 1996.
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Table2. Median relative error (MRE) and inter-quartile range (IQR; values in parentheses) of the relative errors (%)
for population growth parameter estimates corresponding to various levels of observation errors associated
with catch and CPUE data. o and ¢, were the standard deviations of the random observation errorsfor catch
and CPUE data.

® (Busy/K) B/K MSY K q
Oc
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(0.2 (2.0 (0.6) (1.3) (1.8)
0.05 0.0 -0.6 0.3 0.2 0.0
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0.1 0.0 -11 -04 0.2 -0.1
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Fig. 6. Box plotsof therelativeerrors (%) for population growth parameter estimates corresponding to various levels of observation errorsassociated
with catch (left) and CPUE (right) data. The centerline represents the median and the box represents the quartiles. The whiskers extend 1.5

timesthe inter-quartile range.

Although SOI fluctuated with indistinct trend and cannot
explain the variance of CPUE very well, higher SOI generally
led to lower CPUE. There is no apparent trend in salinity but
the CPUE trend roughly fluctuated with the inverse pattern of
sdinity before 1996 and then followed the salinity trend
thereafter.

2. Impact of Data Uncertainty on Population Growth
Parameter Estimates
Fig. 6 and Table 2 show the distributions, MRE and I QR of
the relative errors for parameter estimates corresponding to
various levels of observation errors associated with catch and
CPUE data. As expected, the parameter estimates were al-
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most identical to the true values when o¢ = 0.01 (MRESs were
quite close to 0 and IQRs were between 0.15 and 1.8%). Al-
though the impact of a low level of observation error in the
CPUE data (o7 = 0.01) was minor, the accuracy and impreci-
sion of estimates were dlightly worse than those from the
assumption of the lowest level of error in catches (MRES
between -1.0 and 0.2%, and |QRs were between 0.5 and 4.2%).
Estimation error remained good (MREs between -0.6 and
0.3%, and 1QRs between 0.6 and 8.0%) when o¢ = 0.05, but
the estimates were somewhat biased (MREs between -3.5
and 2.5%) and the imprecision of the estimates deteriorated
obvioudy (IQRs between 2.9 and 18.3%) when ¢; = 0.05.
When o = 0.1, the estimates of parameterswere still unbiased
(MREs between -1.1 and 0.24%) but the precisions of esti-
mations were dightly degenerative (IQRs between 1.4 and
17.4%). When o; = 0.1, however, the accuracy of estimations
were evidently deteriorated (MRESs between -6.0 and 4.4%)
and the estimations were a so highly imprecise (IQRs between
5.8 and 34.8%)).

The results of simulation analysis indicate that the model
shape parameter was the most robust parameter (¢ = Bysy/K =
0.66) despite observation errors were added to catch or CPUE
data. The estimate of MSY remained accurate when adding
observation errors to catch or CPUE data, while increasing
the observation errors in CPUE data lead to the imprecise
estimate of MSY. The estimates of K, g and By/K were sub-
stantially sensitive to the observation errors in catch and
CPUE data. In particular, increasing observation error in
CPUE data not only lead to biased estimates for these pa-
rameters but also substantially deteriorated the precision of
these parameters (Fig. 6 and Table 2).

V. DISCUSSION

Tsai et al. [29] illustrated the historical yields and efforts
against optimal yield (MSY) and fishing effort (fysy) for
1980-1992 based on the Fox's equilibrium production model
and their results indicated that historical fishing exploita-
tion was lower than the optimal level (yield and effort were
less than MSY and fysy) except for the early 1980s and the
period between late 1980s and early 1990s when the yield
exceeded the MSY level. With increasing awareness of the
vulnerability of natural resources, it is interesting to see the
effects of the 3-months (June to August) closure period of
fishery regulation for larval anchovy to reduce the exploitation
and discard in fishery since 2001. This fishery policy of
fishing closure is similar to the input control regulation which
attempts to limit fishing effort by controlling the capacity of
fleets (structural measures) and time spent at sea. However,
many previous studies indicated that the uncertainties of the
model structure and data should be evaluated prior to the
stock assessment (e.g. [11], [30] and [31]). Therefore, this
study did not attempt to explore the population status of
larval anchovy in the southwestern waters of Taiwan but fo-
cused on the evaluating the impact of the uncertainty in input

data of the model on the estimates of population growth pa-
rameters.

In this study, population growth parameters were estimated
by fitting the generalized non-equilibrium surplus produc-
tion model to the catch and standardized CPUE data. However,
it is difficult to verify exactly the correctness of catch and
CPUE data. For instance, standardized CPUEs are usually
included in stock assessments as relative indices of abun-
dance. In this study, the effect of SST did not substantially
improve the explanation of variance of CPUE when con-
ducting the CPUE standardization analysis even though this
effect was statistically significant (Table 1). Previous studies
indicated that the abundance of larval anchovy in the south-
western waters of Taiwan is also significantly correlated with
the environmental conditions, such as SST and southern os-
cillationindex (SOI) [15, 28]. Hsieh et al. [10] suggested that
the main factor which caused the interannual variation of
anchovy CPUE might change through time. Several previous
studies on this population also emphasized that the fluctua-
tions of larval anchovy abundance were determined by local
SST and anomaly [8, 9, 16, 28], which in turn were related to
the SOI [28]. The standardized CPUE appears to reveal
reverse trends in the periods prior and after 1996 (Fig. 5).
However, the CPUE trends did not obviously accompany the
trends of environmental effects except for salinity. Hsieh
et al. [10] indicated that the CPUE showed a positive cor-
relation with river runoff. Therefore, the invers CPUE trends
could be further investigated with the changes in salinity
effect and its relevant environmental conditions, such asriver
runoff.

Hsieh et al. [10] speculated that the seasonal strength of the
anchovy CPUE is significantly related to the fraction of the
Eng. japonicus, particularly in the major fishing season
(spring). Lee et al. [14] also indicated that the catches of
larval anchovy increased when Eng. japonicus was the domi-
nant species during the year of low SST. However, about 55%
declinein catches occurred as the result of anomalies of rising
water temperature resulted in the dominance of the genus
Encrasicholina [28]. Obviously, there is a relationship be-
tween the abundance of anchovy larvae and the species of
dominance in the southwestern waters of Taiwan, where is
strongly influenced by the SST [15, 28]. That correlation may
be transient and simply areflection of ENSO signals[10].

In addition, we are unable to know the correct values of the
population growth parameters. One way to overcome these
problems is to test the estimation performance by means of
Monte Carlo simulation [6, 20]. This study examined the
impact of uncertainty in catch and CPUE data on the estima-
tions of the assessment model for larval anchovy in the
southwestern waters of Taiwan using the Monte Carlo simu-
lation. The results indicate that the estimates of population
growth parameters selected in this study were close to be
unbiased when incorporating observation errors for catch and
CPUE data. However, the precision of estimations deterio-
rates when the level of errors in the data source increases,
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particularly for the CPUE data (Fig. 6 and Table 2). In contrast,
the impact of uncertainty in catch data on the estimations of
the assessment model is relatively minor.

Prager [22] indicated that the generalized model would be
equivalent to Schafer’s logistic production model [26, 27] if
shape parameter ¢ = 0.5, and the model would be close to
Fox’'s model [4] if ¢ = 0.3679. Among the parameters esti-
mated in this study, the model shape parameter was the most
robust and the estimate indicated that the Schafer’s logistic
production model would be more appropriate for larval an-
chovy in the southwestern waters of Taiwan rather than Fox’s
production model adopted by Tsai et al. [29]. This result
implied that the assumption of model structure used in pre-
vious study should be reconsidered for further assessment. In
contrast, the estimates of K, g and B,/K were obviously sensi-
tive to the observation errors. Prager [21] and Prager et al.
[23] indicated that absolute levels of stock biomass and related
quantities, which included uncertainty in the estimate of q,
were usualy estimated much less precisely. In addition, the
starting biomass, estimated as B/K, may be considered a
nuisance parameter, and its estimate is often imprecise Prager
[22]. Punt [24] recommended fixing B,/K =1 rather than es-
timating it for the Cape hake stock off southern Africa but this
might not be appropriate for every stock. For further man-
agement purpose, however, several previous studies also in-
dicated that relative quantities, such as the ratio of fishing
mortality to that at MSY level (F/Fysy) and the ratio of bio-
mass to that at MSY level (B/Bysy), were relatively accurate
and precise[21, 31].

Theresults of thisstudy and previous[17, 18] indicated that
reliable indices of abundance play a key role in tuning ana-
Iytical stock assessments. Fishery-independent survey index
would be a better aternative representation of relative abun-
dance. In practice, CPUE standardization consists of the
process used to remove biases and produce areliable index of
abundance [17]. To date, therefore, reliable index obtained by
linking the fishery-dependent data (i.e. catch and effort) with
environmental conditions would be helpful to improve the
precision of population growth parameter estimates for larval
anchovy in the southwestern waters of Taiwan. In addition,
Hsieh et al. [10] suspect that the reduced strength of the China
Coastal Current might be the key parameter for the fluxes of
Japanese anchovy populations toward Taiwan. Therefore, it
will be advantageous to combine the field survey information
such as the data of the Taiwan Cooperative Oceanic Fisheries
Investigation (TaiCOFI) [32] in the future.

ACKNOWLEDGMENTS

We thank Dr. Chang-Tai Shih, Department of Environ-
mental Biology and Fisheries Science, National Taiwan Ocean
University, Taiwan, for his comments on the draft of the
manuscript. This study was in part supported financially by
the National Science Council (100-2621-M-019-001) and the
Council of Agriculture (97AST-15.1.1-F-F2), Taiwan.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Journal of Marine Science and Technology, Vol. 20, No. 6 (2012)

REFERENCES

. Chen, T. S, “Study and investigation of Bull-art and anchovy fisheriesin

coastal waters of Taiwan,” Bulletin of Taiwan Fisheries Research I nstitute,
Voal. 32, pp. 219-233 (1980).

. Chen, T. S., “The suitable fishing season of larval anchovy in Fang-liao

and Lin-yuan by studying the maturity and spawning of anchovy Sro-
lepborus zollingeri (Bleeker),” Bulletin of Taiwan Fisheries Research
Ingtitute, Vol. 37, pp. 59-66 (1984).

. Fletcher, R. I., “On the restructuring of the Pella-Tomlinson system,”

Fishery Bulletin, Vol. 76, pp. 515-521 (1978).

. Fox, W. W., “An exponentia yield model for optimizing exploited fish

populations,” Transactions of the American Fisheries Society, Vol. 99,
pp. 80-88 (1970).

. Gavaris, S., “Use of a multiplicative model to estimate catch rate and

effort from commercial data,” Canadian Journal of Fisheriesand Aquatic
Sciences, Vol. 37, pp. 2272-2275 (1980).

. Hilborn, R., “Comparison of fisheries control systems that utilize catch

and effort data,” Journal of the Fisheries Research Board of Canada, Vol.
36, pp. 1477-1489 (1979).

. Hinton, M. G and Maunder, M. N., “Methods for standardizing CPUE

and how to select among them,” International Commission for the Con-
servation of Atlantic Tunas, Collective Volume of Scientific Paper, Vol. 56,
pp. 169-177 (2004).

. Hsia, K. Y., Lee, K. T,, and Lee, M. A., “Fishing ground formation of

larval anchovy in relation to oceanography and meteorological conditions
in the I-Lan Bay of northeastern Taiwan,” Journal of The Fisheries So-
ciety of Taiwan, Vol. 25, pp. 239-249 (1998).

. Hsig,K.Y.,Leg K. T., Liao, C. H.,and Wang, J. E., “Effects of changesin

sea surface temperature on fluctuation in larval anchovy resources in
coastal waters of Taiwan,” Journal of The Fisheries Society of Taiwan,
Voal. 31, pp. 127-140 (2004).

Hsieh, C. H., Chen, C. S, Chiu, T. S, Lee, K. T, Shieh, F. J,, Pan, J. Y.,
and Lee, M. A, “Time series analyses reveal transient relationships be-
tween abundance of larval anchovy environmental variablesin the coastal
waters southwest of Taiwan,” Fisheries Oceanography, Vol. 18, pp. 102-
117 (2009).

lanelli, J. N., “Simulation analyses testing the robustness of productivity
determinations from West Coast Pacific Ocean perch stock assessment
data,” North American Journal of Fisheries Management, Vol. 22, pp.
301-310 (2002).

Kimura, D. K., “ Standardized measures of relative abundance based on
modelling log (c.p.u.e), and the application of Pacific Ocean perch
(Sebastes alutus),” Journal du Conseil/Conseil International pour
I"Exploration de la Mer, Vol. 39, pp. 211-218 (1981).

Lee, M. A., Fundamental Sudies on the Hydroacoustic Abundance
Assessment and Fishing Condition Fluctuation of Larval Anchovy in the
Coastal Waters of Fang-Liao, Ph.D. Dissertation, Department of Envi-
ronmental Biology and Fisheries Science, National Taiwan Ocean Uni-
versity (1991).

Lee, M. A, Lee K. T., andOu, H. C., “Thelarval anchovy fishing ground
formation in relation to osmotic pressure changes of the coastal waters
along southern Taiwan,” Journal of the Fisheries Society of Taiwan, Vol.
17, pp. 233-245 (1990).

Lee, M. A, Lee, K. T., and Shiah, G Y., “Environmental factors as-
sociated with the formation of larval anchovy fishing grounds in the
coastal waters of southwest Taiwan,” Marine Biology, Vol. 121, pp. 621-
625 (1995).

Lee, M. A., Leg K. T.,and Shiah, G Y., “ Seasonal changesin commercial
catches of larval anchovy in the southwest coastal waters of Taiwan,”
Journal of the Fisheries Society of Taiwan, Vol. 21, pp. 49-56 (1994).
Maunder, M. N. and Punt, A. E., “ Standardizing catch and effort data: a
review of recent approaches,” Fisheries Research, Vol. 70, pp. 141-159
(2004).

Maunder, M. N. and Starr, P. J., “Fitting fisheries models to standardized
CPUE abundanceindices,” Fisheries Research, Vol. 63, pp. 43-50 (2003).



19.

20.

21

22.

23.

24.

25.

26.

S.-P. Wang et al.: Population Parameter Uncertainty of Larval Anchovy

Pella, J. J. and Tomlinson, P. K., “A generalized stock production model,”
Inter-American Tropical Tuna Commission, Bulletin, Vol. 13, pp. 419-496
(1969).

Polacheck, T., Hilborn, R., and Punt, A. E., “Fitting surplus production
models comparing methods and measuring uncertainty,” Canadian Jour-
nal of Fisheries and Aquatic Sciences, Vol. 50, pp. 2597-2607 (1993).
Prager, M. H., “A suite of extensions to a nonequilibrium surplus-
production model,” Fishery Bulletin, Vol. 92, pp. 374-389 (1994).
Prager, M. H., User's Manual for ASPIC: A Sock-Production Model
Incorporating Covariates (ver. 5) And Auxiliary Programs, National Ma-
rine Fisheries Service Beaufort L aboratory Document BL-2004-01 (2005).
Prager, M. H., Goodyear, C. P, and Scott, G. P, “Application of asurplus
production model to a swordfish-like simulated stock with time-changing
gear selectivity,” Transactions of the American Fisheries Society, Vol.
125, pp. 729-740 (1996).

Punt, A. E., “Is B1 = K an appropriate assumption when applying an
observation error production-model estimator to catch-effort data?’ South
African Journal of Marine Science, Vol. 9, pp. 249-259 (1990).

Punt, A. E., “The performance of a production-model management pro-
cedure,” Fisheries Research, Vol. 21, pp. 349-374 (1995).

Schaefer, M. B., “A study of the dynamics of the fishery for yellowfin
tunain the eastern tropical Pacific Ocean,” Inter-American Tropical Tuna
Commission, Bulletin, Vol. 2, pp. 247-268 (1957).

27.

28.

29.

30.

3L

32.

669

Schaefer, M. B., “Some aspects of the dynamics of populations important
to the management of commercial marine fisheries,” Inter-American
Tropical Tuna Commission, Bulletin, Vol. 1, pp. 27-56 (1954).

Tsai, C. F, Chen, P Y., Chen, C. P, Lee, M. A,, Shiah, G.. Y., and Leg,
K. T., “Fluctuation in abundance of larval anchovy and environmental
condition in coastal water off southwestern Taiwan as associated with the
El Nino-Southern Oscillation,” Fisheries Oceanography, Vol. 6, pp. 238-
249 (1997).

Tsal, C.F, Chen, P Y., Lee, M. A, Hsig K. Y., and Leg, K. T., “Effects of
fishing effort on stock size and catch of larval anchovy in coastal waters
of southwestern Taiwan,” Fisheries Research, Vol. 28, pp. 71-83 (1996).
Wang, S. P, Maunder, M. N., and Aires-da-Silva, A., “Implications of
model and data assumptions: An illustration including data for the Tai-
wanese longline fishery into the eastern Pacific Ocean bigeye tuna
(Thunnus obesus) stock assessment,” Fisheries Research, Vol. 97, pp. 118-
126 (2009).

Wang, S. P, Sun, C. L., Punt, A. E., and Yeh, S. Z., “Evauation of a sex-
specific age-structured assessment method for the swordfish, Xiphias
gladius, in the North Pacific Ocean,” Fisheries Research, Vol. 73, pp. 79-
97 (2005).

Wau, C. L., Cruise Report of TaiCOFI| Surveysin 2008, Fisheries Research
Institute Press, Keelung, Taiwan (2009).



	EVALUATING THE UNCERTAINTY OF THE POPULATION GROWTH PARAMETER ESTIMATES OF LARVAL ANCHOVY IN THE SOUTHWESTERN WATERS OF TAIWAN USING MONTE CARLO SIMULATIONS
	Recommended Citation

	EVALUATING THE UNCERTAINTY OF THE POPULATION GROWTH PARAMETER ESTIMATES OF LARVAL ANCHOVY IN THE SOUTHWESTERN WATERS OF TAIWAN USING MONTE CARLO SIMULATIONS
	Acknowledgements

	tmp.1628033043.pdf.PrmeJ

