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Summary: Artisanal fisheries are often overlooked by fisheries management agencies despite their great importance for food
security and livelihoods. The assessment and management of those fisheries is often rare, especially in developing countries.
In Mozambique, a probability-based survey for the monitoring of the small-scale fisheries has been conducted in several
coastal provinces since the late 1990’s. Here we used the Mozambican on-shore data collection programme to illustrate both
the difficulties and possibilities of estimating trends in catch per unit of effort (CPUE in kg day') for stocks when data is
limited in both quantity and quality, as is often the case for artisanal fisheries. Data on catch and effort collected between
1998 and 2009 from four regions along the Mozambican coast and two different gears were used to assess the status of two
species (Hilsa kelee and Thryssa vitrirostris) exploited by the artisanal fisheries. The results showed that standardized CPUE
have declined for some of the regions and gears analysed, whereas for others the trend has been stable or has even increased
during the last 12 years. However, when CPUE is scaled for the increase in net length, most of the times series show a
declining trend.
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Tendencias de la CPUE de Hilsa kelee y Thryssa vitrirostris explotadas por la pesqueria artesanal en Mozambique a
partir del muestreo de las capturas en puerto

Resumen: La pesca artesanal casi nunca se tiene en cuenta por las agencias de gestién de la pesca a pesar de su gran
importancia para la seguridad alimentaria y medios de vida. La evaluacién y la gestiéon de estas pesquerias no es muy
frecuente, especialmente en los paises en desarrollo. Desde finales de 1990 en varias provincias de la costa de Mozambique
se llevé a cabo un seguimiento de las pesquerias artesanales basado en un muestreo probabilistico. Aqui hemos utilizado el
programa de obtencién de datos en el puerto de Mozambique para ilustrar las dificultades y posibilidades de la estimacion
de las tendencias de la captura por unidad de esfuerzo (CPUE en kg dia™!) para los stocks cuando los datos son limitados
en cantidad y en calidad, como sucede a menudo en el caso de la pesca artesanal. Se utilizaron datos de captura y esfuerzo
recogidos entre 1998 y 2009, en cuatro regiones a lo largo de la costa de Mozambique y con dos artes de pesca distintos,
para evaluar el estado de las dos especies (Hilsa kelee y Thryssa vitrirostris) explotadas por las pesquerias artesanales. Los
resultados mostraron que la CPUE estandarizada se ha reducido para algunas de las regiones y artes analizados, mientras que
para otros la tendencia se ha mantenido estable o incluso ha aumentado durante los tltimos 12 afos. Sin embargo, cuando se
escala la CPUE para el aumento de la longitud de la red, la mayor parte de la serie de tiempos muestra una tendencia a la baja.
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INTRODUCTION

Coastal areas worldwide are characterized by an
increasing population density, which strains inshore
marine resources especially in countries such as tropi-
cal ones, where a large part of the coastal population
may depend on marine fish and shellfish for subsist-
ence (Salas et al. 2007, Allison and Ellis 2001). More-
over, as for many of the exploited fish stocks in the
world oceans (Hutchings and Reynolds 2004, but see
also Cardinale 2011 and Cardinale et al. 2013), coastal
resources are also increasingly depleted (Davies et al.
2009). Hence, the assessment of the status of exploited
coastal resources to be used for a sustainable manage-
ment of marine resources and ecosystems is urgent.

In general, coastal areas of developing countries are
mostly exploited by artisanal fisheries (Salas et al. 2007),
but quantitative knowledge of the status of the exploited
stocks is often incomplete (e.g. Salas et al. 2007). Arti-
sanal fisheries in developing countries have been noto-
riuosly difficult to manage because the status and trends
(in biomass or abundance) of marine resources have
been difficult to assess. This is due to the complexity of
artisanal fisheries, which are characterized by a great di-
versity of species and gears, as well as numerous landing
sites that are difficult to access, making data collection
difficult to conduct. Moreover, developing countries of-
ten have poorly developed management infrastructures.
Thus, in developing countries little is generally known
about the overall nature of the artisanal fisheries and the
status of the resources they exploit.

Because of the difficulty of data collection in
developing countries, catch and effort data form an
important, and often the sole, source of data for fish
stock assessment. Population parameters important for
management are often estimated by fitting production
models to standardized series of catch-per-unit-effort
(CPUE) (Xiao 1998) or the stock status is simply as-
sessed by analysing trends in standardized CPUE (e.g.
Cardinale et al. 2009). Such basic information is no-
toriously hard to obtain for artisanal fisheries because
of the spatial and temporal dynamics in effort, numer-
ous landing sites and limited access (Pauly and Mines
1982, Munro 1983).

In Mozambique, artisanal fisheries targetting the
coastal marine resources are highly important for a large
sector of the population. At present there are more than
100000 fishers in Mozambique, distributed in 1217
fishing centres and villages, of which 70% are located
along the marine coastline (IDPPE 2009). In a census
performed in 2002, it was estimated that approximately
70000 of those fishers were involved in the artisanal
fisheries in Mozambique (IDPPE 2004). The number
of artisanal fisherman involved in marine fisheries ap-
proximately doubled between 2002 and 2007, while
the number of boats increased by about 35% (IDPPE
2009). In Mozambique, more than 130000 people are
directly dependent on coastal fisheries and the amount
is steadily increasing (IDPPE 2009).

In Mozambique, a probability-based survey for
the monitoring of the artisanal fisheries has been con-
ducted in several coastal provinces since the 1997. The

sampling frame in Mozambique is a matrix of landing
sites and days. The fishery concerned operates from
beaches, or in near coastal waters (generally within 5
km), and it is dominated by beach seines, hand lines
and gillnets deployed by a mixed fleet of vessels less
than 10 m in size. Vessels usually conduct daily fishing
trips using one type of gear, but in some cases multiple
gears are employed simultaneously. The vast majority
of fishing trips can be accessed for sampling at a finite
list of landings sites along the coast.

Despite more than a decade of regular data collec-
tion, no assessment has been conducted of the target
species exploited by the artisanal fisheries along the
whole Mozambiquan coastline. The CPUE trends
published in Mozambican national official reports
are usually given by gear and by fish family, and not
by species or by area (but see Mualeque and Santos
2011), and are not standardized by effort (e.g. net
length) and other changes in fleet features and be-
haviour (IIP 2007). Moreover, fisheries-independent
surveys of the coastal fisheries resources in Mozam-
bique are not conducted regularly. Therefore, little
information is available to assess the current status of
the exploited resources against a historical baseline
(but see Loureiro 2001).

In general, management of resources exploited by
small-scale fisheries, which are based on a quantitative
estimation of the impact of the fleet on the stock, are
rare. For example, in the Mediterranean there is one
single case for which the impact (in terms of partial
fishing mortality exerted by the fleet) of the small-scale
fisheries on common sole (Solea solea) is assessed
(i.e. sole in the Adriatic Sea; STECF 2013), although
management of this stock does not take the assessment
results into consideration but is based solely on tech-
nical measures. In Vietnam, a TAC (Total Allowable
Catches) management system is in place, although the
TAC setting is not based on quantitative stock assess-
ment and the real impact of the fleet on the stock is
unkown (Pomeroy et al. 2009).

The main objectives of this paper were to collate
and analyse a database on commercial artisanal fisher-
ies collected between 1998 and 2009 along the Mozam-
bican coast. An assessment of the trend in standardized
CPUE was conducted for two of the most important
commercial species landed by the small-scale fisheries,
Hilsa kelee and Thryssa vitrirostris (Loureiro 2001,
Mualeque and Santos 2011). Trend in CPUE from
gillnets and beach seines from four provinces (Maputo,
Inhambane, Nampula and Zambezia) were estimated.
This is the first attempt to produce standardized time
series of CPUE for the small-scale fisheries along the
Mozambican coast.

Here we used the Mozambican data collection
programme to illustrate both the difficulties and possi-
bilities of making assessment of trends in stocks when
data are limited in both quantity and quality, as is often
the case for artisanal fisheries in developing countries.
We also provide a novel trend analysis of the target
species of the Mozambican artisanal fisheries, which is
urgently needed for the management of Mozambican
coastal marine resources.
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MATERIALS AND METHODS
Data collection

A probability-based on-shore catch sampling pro-
gramme has been used to monitor the small-scale fisher-
ies in Mozambique since the late 1990s (ICES 2010).
The sampling frame is a matrix of landing sites crossed
with days of the year, the site-days being the primary
sampling units (PSUs) (ICES 2013). The PSUs are strat-
ified on the basis of geography, and in some cases their
size on the basis of number of registered fishing gears.
Sampling of landing sites is scheduled on random days
during each calendar week from each stratum to ensure
good temporal coverage in each stratum. Sampling sizes
of site-days per stratum are allocated in a manner that
is approximately proportional to expected effort, using
comprehensive information from the 1996 atlas of the
artisanal fishery and the 2002 national census conducted
by the Institute for the Development of Small-Scale Fish-
eries (IDPPE 2004). The sumpling design is flexible and
provides reliable catch and effort data for the different
gears and species caught along the entire Mozambican
coastline (ICES 2010). Data on catch size and catch
composition are collected from all fishing units (single
fishing vessel; secondary sampling units) in a PSU when
feasible, or from a representative sample of units in each
selected PSU by local agents contracted by the National
Institute of Fisheries Research (IIP) and the Institute of
for development of Small-Scale Fisheries (IDPPE). The
dominant gear is beach seines operated from an artisa-
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Fig. 1. — Map of the study area, with the different provinces and prin-
cipal fishing centres where the sampling was carried out. The full list
of the fishing centres used in the analysis is reported in Table 2.
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Table 1. — Landings in tonnes from the different gears used in the
artisanal fisheries from 2004 to 2008.

Year 2004 2005 2006 2007 2008
Beach seine 43384 38927 42314 35896 32984
Hook and line 5884 5527 4160 6537 6953
Gillnet 8380 13075 9865 13966 16165
Other gears 1842 1902 3090 3031 3328

nal vessel, and catch data are generally obtained from
completed trips when the fishermen land their catch. To
assure high quality of field data collections with respect
to representativeness of sampling and species identifica-
tions, a biologist from IIP or IDPPE accompanied by a
field data collector agent made a visit once per month
during the implementation of the sampling in a stratum
and once every two months thereafter. A meeting with
all field data collector agents in a province is held once
per year to ensure consistent data collection, and a na-
tional meeting between IIP supervisors and provincial
coordinators of field collections is held once every two
years to ensure consistency among provinces. Data on
catch per trip used in the analysis here were collected
from 1998 to 2009. The coastal areas of Mozambique
are part of seven different provinces (Fig. 1) and can
be divided into three macro-areas, where the artisanal
fisheries operate:

The northern coast (about 770 km), with a rocky
and coral-bearing sea bed and a narrow continental
shelf, with sheltered islands and bays, streaching from
the boarder with Tanzania in Cabo Delgado Province
to northern Nampula province.

The central coast (about 980 km) facing the Sofala
bank and including most of the Zambezia province.
This area is mainly influenced by the numerous rivers
and channels and mangrove forests and extends from
the more southerly districts of Nampula province to the
north of Inhambane province.

The southern coast, which is about 950 km long
and is characterized by coral and rocks in some areas
and sand in others. It stretches from the southern part of
Inhambane province to the border with South Africa, in
Maputo province.

The marine artisanal fishery is conducted by a
fleet of vessels less than 10 m in length and it usually
operates in coastal waters within three miles off land.
Daily fishing trips are the norm for most vessels, and
fishing is typically conducted from the beach or sand
banks using one type of gear, while multiple gears are
employed simultaneously only by a limited number
of vessels (i.e. less than 5% in general). Beach seines
account for most of the catches, while the remaining
catches are taken mainly by gill nets, hand lines and
long lines (Table 1). The fleet consists of 39400 boats,
of which 77% are canoes. Motorized vessels account
for only 1.5% of the total fleet and have not increased
in number since 2002 (IDPPE 2009).

Sampling of landings in the coastal artisanal fisher-
ies is conducted from representative landing sites se-
lected within districts in the different provinces (Table
2 and Fig. 1). The geographical origin of the catch is
assigned according to the information collected during
sampling. The geographical origin of the catches was
inferred by interviewing the fishermen at the landing
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Table 2. — Number of site-day observations collected for each year and landing site in the provinces of Maputo, Inhambane, Nampula and
Zambezia and used in the analysis.

Province Maputo

Year Baia de Maputo  Ilha de Inhaca Macaneta Maputo Marracuene Matola Matutuine

1998 25

1999 333

2000 119

2001 566

2002 481

2003 331

2004 385

2005 425

2006 28

2007 13 883 477 590 800

2008 65 809 559 411 766

2009 81 34 1151 671 487 433

Province  Inhambane

Year Baia de Bazaruto Govuro  Ibane  Inhambane Inhassoro Jangamo Maxixe Morrumbene Tofo Vilanculos
Inhambane Municipio

1997 509

1998 265 4

1999 693 771 551

2000 961 1814 854

2001 920 5 3 1228 666

2002 915 5 1035 608

2003 587 1 11 732 335

2004 262 5 367 150

2005 762 6 569 280

2006 622 1153 79 11 509 421

2007 498 706 1054 14 377 649

2008 759 445 580 10 406 758

2009 725 830 164 456 71 272 127 15 1087

Province ~ Nampula

Year Angoche Ilha de Memba Mogincual Moma Mossuril Nacala Porto Nacala-a-Velha

Mogambique

1997 366 1125

1998 361 31 801

1999 305 114 1075

2000 117 1 55 462

2001 425 126 228 1048

2002 325 306 107 1051

2003 355 349 108 665

2004 242 528 60 1168

2005 336 468 151 856 2 1

2006 319 371 105 760 5 4

2007 268 64 77 96 540 125 60 16

2008 417 51 196 131 591 135 115 22

2009 199 40 172 73 434 391 135 35

Province Zambezia

Year Chinde Inhassunge ~ Maganja da Costa ~ Namacurra Nicoadala Pebane Quelimane

1998 53 218 505 232 85

1999 267 63 395 432 3

2000 464 151 906 592

2001 430 257 1063 666

2002 599 295 993 687

2003 312 94 271 332 75

2004 287 276 408 341 384

2005 114 84 285 240 440 443 147

2006 146 77 179 118 223 307 65

2007 111 57 169 113 451 312 21

2008 124 49 159 189 504 392

2009 106 34 443 325 477 904 35

site during sampling. Information was also collected
on gear type and gear characteristics (length of the net)
for each species.

Standardization of the CPUE

In this paper we have treated each trip as the pri-
mary sampling unit, and have assumed that trips with-

in each province were sampled with equal probability
within a year. Since the sampling of landing sites is
approximately proportional to the activity level (e.g.
more trips were sampled from large landing sites than
from small ones), this assumption is likely to be rea-
sonably supported. The analysis was conducted for
beach seines and gillnets. Catches from those gears
constituted more than 82% of the total catch of the
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fleet between 2004 and 2008 (Table 1, IIP 2007).
CPUEs were estimated as the catch in weight per day
of fishing (kg day') for two of the most important
species caught by the artisanal fisheries, Hilsa kelee
(HKE) and Thryssa vitrirostris (TVI). Beach seines
and gillnets were chosen as they were considered to
target the selected species.

To account for the unbalanced design in the sam-
pling between year and month, generalized additive
models (GAMs; Hastie and Tibshirani 1990) were
used. GAMs offer the main advantage that they can
be used to model non-linearity, which often relates
the biological data to the predicting factors. We used
a quasi-Poisson distribution (Minami et al. 2007) to
model CPUE with variance proportional to the mean
and a log-link function in order to constrain the esti-
mates of CPUE to be positive. The quasi-likelihood ap-
proach in the quasi-Poisson distribution assumes that
the scale parameter @ of the distribution is unknown so
that it could account for more over-dispersion than the
classical Poisson distribution (Wood 2006). Therefore,
it has greater flexibility in fitting the data distributions,
especially for zero-inflated data. A model for each spe-
cies, gear and province was fitted:

CPUE (kg day~!) ~ s(year)+s(month)

Year was modelled using an isotropic smooth (thin
plate regression spline) function (Wood 2004). A cy-
clic cubic regression spline was chosen to smooth the
month predictor because it forces the smoothing to have
the same value and first few derivatives at its initial and
final points. In order to simplify the interpretation of
the results, the maximum number of knots was limited
for the smooth term of month (k=4).

First, all the predictors were included in the model
(full model) and a backward stepwise regression was
applied. Smoothing parameter estimation and model
selection were based on generalized cross validation
(GCV; Wood 2001, 2004) information criteria. The
GCV of a model is a proxy for the model’s out-of-
sample predictive mean squared error. Therefore, a
model with lower GCV has more explanatory power
than, and hence is preferred to, a model with higher
GCV. Final models were selected on the basis of
GCV criteria and the significance of the predictors
fulfilled at the same time. The predicted year effect
after scaling out the effects of the other predictor
was estimated on the scale of the response from the
final models. Residuals were analysed to inspect for
homogeneity of variance and violation from normal-
ity assumptions or other anomalies in the data or in
the model fit using graphical methods (Cleveland
1993). Technological creep was not accounted for in
this analysis (see Cardinale et al. 2009 for a useful
discussion and modelling of technological creep).
However, changes in fishing technology over the
study period are considered negligible (ICES 2010).
The use of monofilament in the fishing gears had
already increased massively before the start of our
time series (the early 1980s; ICES 2010) and there-
fore it is unlikely to have affected our analyses.
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Effect of changes in effort on CPUE

Data on net length (both for gillnets and beach
seines) were available, but their collection did not
cover all years and provinces. Using available net
length information in the GAMs would reduce the
number of available observations (less than 20% of
the current data set contains net length information and
moreover the data are patchy and irregularly scattered
between landings site, provinces and years). Thus, first
the overa 1 year average effort (in terms of the length
of the gillnets and beach seines) per vessel and gear
type (i.e. gillnet and beach seines) for the four analysed
provinces was estimated using available data. Succes-
sively, the CPUE [kg day~! (net length)-!] estimated by
the final GAM models for each province and gear was
divided by the overall year average effort of that prov-
ince and gear. The analyses were performed using the
mgcv library of R (Wood 2001, www.r-project.org).

RESULTS

The yearly average CPUE for all species caught
declined from 1999 to 2009 (Fig. 2). Also, yearly
average CPUE for HKE and TVI declined during the
same period. The average net length employed per ves-
sel for gillnet generally increased for the provinces of
Maputo, Inhambane, Nampula and Zambezia over the
time series (1999-2009) (Fig. 3A). For beach seines,
a similar trend was present for Zambezia, while there
was no increase in the length of the net for the other
provinces (Fig. 3B).

For investigated species, provinces and gear, the
full model was selected as the final model since it al-
ways resulted in the lowest GCV with all variables sig-
nificant at p<0.0001, except for TVI caught by beach
seines in Maputo province (Table 3). Deviance ex-
plained by the final models ranged between 1.6% and
57.5% (Table 3) with small uncertainties around the
means. For TVI caught with gillnet in the Inhambane
province, the model gives unrealistic results in terms of
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Fig. 2. — Trend in the total CPUE (kg day~!) and in the proportion of
the Hilsa kelee and Tryssa vitrirostris in the total CPUE for the four
provinces analysed.
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for each province.

model fitting and it was excluded. Residuals were gen-
erally slightly right-skewed or normally distributed for
the final models (data not shown). This implies that the
final models are less able to predict very large catches.

The peak in CPUE for HKE caught by gillnet was
observed in April-May or July-August, depending
on the province (Fig. 4A). For HKE caught by beach
seines, a peak between December and January was es-
timated in the Maputo and Zambezia province, while

for Inhambane and Nampula the highest CPUE were
between May and June (Fig. 4A).

For TVI caught by gillnet, a peak between Novem-
ber and December was shown in Maputo and Zambezia
province, while for Nampula the highest CPUE was in
July (Fig. 4B). CPUE of TVI caught by beach seines
showed a peak in December-January for Inhambane and
Zambezia province, and in May for Nampula (Fig. 4B).

The year effect of the models showed that the CPUE
for some of the gear and provinces analysed hase de-
clined, whereas for others there has been a stable trend
or an increase compared with the beginning of the
time series (Figs 5-6). For example, HKE from gillnet
has declined in Maputo, Namupla and Zambezia but
has increased in Inhambane, although the latter time
series is much shorter (Fig. 5). The decline is more
pronounced when the effect of the increased net length
is accounted for. In the beach seine fisheries, a similar
trend was evident for the analysed provinces (Fig. 5).

For TVI, CPUE from gillnets was stable in all prov-
inces when net length was not considered, but showed
a decline in Nampula and Zambezia when net length
was taken into account in the analysis (Fig. 6). A de-
clining trend was also shown for CPUE of TVI from
beach seines in Nampula and, after net length stand-
ardization, also in Zambezia, while no clear trend was
observed in Maputo and Inhambane (Fig. 6).

DISCUSSION

Artisanal fisheries that target stocks within the
coastal ecosystems have been largely ignored by fish-
eries management agencies, despite their great impor-
tance for food security and livelihoods (Vincent et al.
2007). It has been shown that local artisanal fisheries
with a relatively low level of effort and technological
development can significantly impact the coastal envi-
ronment and the coral reef ecosystem, and therefore the
monitoring of their impact is important (Hardt 2009).
From a socio-economic and food security perspective,
artisanal fisheries are critically important worldwide,
as it has been estimated that around 50 million artisanal
fishermen are active in developing countries and more
than 400 million people rely on artisanal fisheries for

Table 3. — Summary of the results of the GAM models for each species, gear and province analysed. Deviance is the total deviance (in %)
explained by the model, Years is the range of years used in the analysis, n is the number of observations used in the model. The model code
refers to the results reported in Figures 4, 5 and 6. BS, beach seine; GN, gillnet; ***the model gives unrealistic results and was excluded

Species Species code  Gear Province Model code Predictors ~ Deviance (%) Years n

Hilsa kelee HKE GN Maputo MAP_GN full model 30.4 1998-2009 8200
GN Inhambane INH_GN full model 38.5 1999-2009 1185
GN Nampula NAM_GN full model 9.7 1999-2009 5238
GN Zambezia ZAM_GN full model 7.7 1999-2009 1984
BS Maputo MAP_BS full model 34.3 1998-2009 1175
BS Inhambane INH_BS full model 30.2 1999-2009 8144
BS Nampula NAM_BS full model 6.5 1997-2009 17349
BS Zambezia ZAM_BS full model 24 1998-2009 12175

Thryssa vitrirostris TVI GN Maputo MAP_GN full model 57.5 1999-2009 6107
GN Inhambane INH_GN full model ok 1999-2009 559
GN Nampula NAM_GN full model 13.8 1999-2009 4951
GN Zambezia ZAM_GN full model 8.1 1999-2009 1535
BS Maputo MAP_BS -MONTH 19.1 1999-2009 1715
BS Inhambane INH_BS full model 53.1 1999-2008 8488
BS Nampula NAM_BS full model 20.5 1997-2009 19577
BS Zambezia ZAM_BS full model 1.6 1998-2009 17848
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Fig. 4. — Shape of the month effect as estimated by the GAM model with the estimated 95% confidence intervals for each province and gear
(see Table 3 for details); A, Hilsa kelee; B, Tryssa vitrirostris.

food, income and as a source of employment in the
boat-building sector (Berkes et al. 2001, FAO 2004).
In addition to the importance for the subsistence of
a large portion of the coastal populations around the
world (Onyango and Jentoft 2010), especially in Af-
rica artisanal fisheries play a central role in alleviating
household poverty (FAO 2005a,b). However, general
knowledge about artisanal fisheries around the world is
rather scarce and more information is urgently needed
(e.g. Salas et al. 2007)

The analyses performed here are an attempt to
quantify the changes for some of the species exploited
by the artisanal fisheries along the Mozambican coast.
The results show that the species analysed have de-

clined in some of the provinces but have been stable
or even increased in others. Nevertheless, both the
combined CPUE of the target species, HKE and TVI,
and the total CPUE of all the analysed species have
significantly declined. However, it is important to note
that for some of the models the deviance explained was
rather low.

The monitoring programme of artisanal fisheries in
Mozambique follows statistically sound on-shore catch
sampling methods, as described in ICES (2013), with a
spatio-temporal sampling frame based on site-days. The
sampling frame, however, does not cover all landing
sites along the coast, and this undercoverage may cause
bias. Also, the multi-stage design, in which catch data
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confidence intervals as estimated by the GAMs for the provinces and gears analysed using final models (see Table 3 for details). CPUENET

is multiplied per 100 for a straightforward representation, except for MAP_BS, which was multiplied per two. See Table 3 for model code
and statistical details.

are chosen from trips that are selected within selected
landing sites and days, results in a complex hierarchi-
cal structure of the data. For this analysis we ignored
one level of clustering for simplicity, and assumed that
trips were representatively sampled in time and space.
This assumption is reasonably well supported since
the sampling effort was approximately proportional to
fishing effort. Because of the wide spatial and temporal
distribution of effort and minimal changes in fishing
technology over time, we believe that our estimates of
CPUE may realistically reflect changes in fish biomass
over time.

For some provinces our analyses showed a large
decline in the CPUE of the two species during the
first period of our time series (from 1998 to 2002),

while the decline after 2002 was minor. This might
be partially explained by the fact that the period from
1996 to 1998 was characterized by drought conditions
(Kolding et al. 2003), creating poor living conditions
for the people engaged in the agricultural sector and
causing a shift in work force from farming to fishing,
with a subsequent increase in fishing effort that might
have triggered the observed decline through overfish-
ing. The sharp decline in CPUE between 1998 and
2002 might, however, also result from the fact that
the sampling design started to be implemented at the
beginning of the time series, and thus early estimates
could be biased due to incomplete coverage (although
the estimated model uncertainty is similar along the
times series). Despite the uncertainty in the estimates
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in the first few years of the time series, it is also impor-
tant to stress that the exploitation of the coastal species
analysed here started at least two decades before the
beginning of the collection of data used in our study
(Loureiro 2001). For example, HKE supported a semi-
industrial fishery in Maputo Bay from 1973 to 1990,
and declined during the same period likely due to
overexploitation (Loureiro 2001). Also for TVI, a de-
cline in the standing stocks offshore and in the catches
of this species by beach seines during 1973-1990 as a
consequence of the HKE semi-industrial fishery was
reported by Mualeque and Santos (2011). Thus, the
decline of the CPUEs found in our study might have
started long before 1997, and thus be more pronounced
than is estimated in our analysis.

It is important to stress that for the analysed fish
species there are no data on fishing mortality in relation
to sustainable level of exploitation that can quantify the
relative impact of the fisheries, other anthropogenic
causes (pollution, coastal degradation, etc.) or climate.
For example, massive floods in southern Mozambique
from February to May 2000 caused extensive damage to
coral reefs by sedimentation (Obura et al. 2002, Pereira
and Gonalves 2004) and these events might have had
a significant impacts on the stocks. Therefore, factors
other than exploitation may also contribute to explain
the observed trends, but the lack of data does not allow
us to discriminate between the different causes.

The management of artisanal fisheries is crucial to
allow them to continue supporting the local human com-
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munities who depend upon them (Davies et al. 2009).
The knowledge of the status of the exploited stocks is
the first step in the direction of sustainable exploitation
and the analyses conducted here might provide manag-
ers with some of the basic instruments to initiate and
promote the sustainable management of coastal marine
resources in Mozambique. Our study also shows the
importance of continuous monitoring of the artisanal
fisheries in Mozambique. Assessment of the stock
status based on data collected from the ongoing moni-
toring programme could be used as a set of indicators
for deciding upon future management actions and it is
therefore important for the programme to continue and
be strengthened. Moreover, the use of indicators based
on CPUE is a simple and cost-effective method to be
used when data for implementing analytical assess-
ment models are lacking (e.g. Cardinale 2009). Trend
analyses based on CPUE triggered large reactions in
the media and environmental stakeholders in Indonesia
(Cardinale M., pers. comm.) and can therefore push
managers to initiate management actions.
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