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Abstract
In the Philippines, very high fishing pressure coincides with the globally greatest number
of shorefish species, yet no long-term fisheries data are available to explore species-level
changes that may have occurred widely in the most species rich and vulnerable marine
ecosystem, namely coral reefs. Through 2655 face-to-face interviews conducted between
August 2012 and July 2014, we used fishers’ recall of past catch rates of reef-associated
finfish to infer species disappearances from catches in five marine key biodiversity areas
(Lanuza Bay, Danajon Bank, Verde Island Passage, Polillo Islands and Honda Bay). We
modeled temporal trends in perceived catch per unit effort (CPUE) based on fishers’
reports of typical good days’ catches using Generalized Linear Mixed Modelling. Fifty-nine
different finfish disappeared from catches between the 1950s and 2014; 42 fish were identified to species level, two to genus, seven to family and eight to local name only. Five species occurring at all sites with the greatest number of fishers reporting zero catches were
the green bumphead parrotfish (Bolbometopon muricatum), humphead wrasse (Cheilinus
undulatus), African pompano (Alectis ciliaris), giant grouper (Epinephelus lanceolatus)
and mangrove red snapper (Lutjanus argentimaculatus). Between the 1950s and 2014,
the mean perceived CPUE of bumphead parrotfish declined by 88%, that of humphead
wrasse by 82%, African pompano by 66%, giant grouper by 74% and mangrove red snapper by 64%. These declines were mainly associated with excess and uncontrolled fishing,
fish life-history traits like maximum body size and socio-economic factors like access to
market infrastructure and services, and overpopulation. The fishers’ knowledge is indicative of extirpations where evidence for these losses was otherwise lacking. Our models
provide information as basis for area-based conservation and regional resource
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management particularly for the more vulnerable, once common, large, yet wide-ranging
reef finfish species.
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Introduction
Coral reefs occupy less than one percent of the marine area, but they are home to 25 percent of
all known marine fish species [1–3]. In the Philippines, part of the world’s most biodiverse
marine environment [4, 5] and anthropogenically-threatened marine region [6], coral reefs
support around 20% of total marine fisheries production [3, 7]. Fishery products provide
11.7% of total Filipino food consumption [8] and in 2010 5–6 million Filipinos depended
directly on the fishing industry for livelihoods [9, 10]. More than one million ‘municipal’ fishers (vessels 3 gross tonnes, GT) exploit coral reefs and adjacent shallow marine ecosystems.
This has led to habitat degradation and a halving of the potential Philippine coral-reef fishery
production by the 1990s [7, 11]. Philippine fishing grounds that were very productive in the
1950s and 1960s [12] were overfished by the 1980s [13] and two-thirds of the major fishing
grounds are now overfished [9, 14]. In addition to high fishing pressure, other factors such as
life-history traits of the species targeted and the socio-economic circumstances of the fishers
have contributed to this poor state of the fisheries [15].
Demonstrating declines in Philippine reef fisheries is especially difficult because landings
data are aggregated across the marine ecosystems in overall ‘municipal’ fisheries production
[7] and the numerous landing sites make data gathering logistically challenging, costly and
time consuming. In addition, Philippine reef fishery science is of recent origin [16–19]. Scientific trawl data from habitats other than coral reefs indicate substantial declines in total biomass
of demersal fishes [20] and national underwater visual surveys of reef fishes revealed that 97%
of large-bodied species have low abundances and/or restricted distribution [21]; data from
Central Visayas suggest that some species may have disappeared [22]. However, there has been
no attempt to investigate any large-scale declines or losses of coral reef species.
We used anecdotal information gathered systematically from fishers (hereafter fishers’
knowledge) [23] to infer marine finfish disappearances [24–38] because this is the only available information source on catch trends of the ca. 1658 Philippine reef fish species over the
past 40–60 years. Fishers’ recollections have indicated declines in catch rates in small-scale
Philippine fisheries [39], but these are to species level only for reef-associated fishes at two
small islands [27] and seahorses at one island [40] off Bohol. Our study is the first to use fishers’ knowledge and robust ecological modelling techniques to identify reef fish species that
may be vulnerable to extirpation in five Philippine marine Key Biodiversity Areas (KBAs).
Marine KBAs are priority sites for conservation where (1) one or more globally threatened species are present and (2) there are species where at least 1% of the estimated global population
gathers during some life stage [41, 42].
Here we explore factors such as fishery characteristics and practices (e.g. boat engine power,
years’ fishing experience, gear selection)[27, 43, 44], fish life-history traits [27, 44–49], and
socio-economic factors [50, 51] that might be linked with reef finfish species extirpations. Linear mixed modelling allowed us to test relationships of perceived CPUE with relevant variables.
The paper further examines proxies of life-history such as maximum body size which are
linked with fish vulnerability to depletion [27, 44–49]. Selected socio-economic factors such as
human population size, market access and availability of community infrastructure and services were tested in addition as predictors of finfish depletion [50, 51].
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Methods
Ethics statement
This study was approved by Newcastle University and the Haribon Foundation’s Board of
Trustees ethical procedures, both of which considered work with human subjects. Permission
to gather the data was verbally granted by the existing Peoples’ Organization and current village (barangay) captain in each village visited and all study participants consented to inclusion
in the study. For Honda Bay (Palawan), a required application to conduct the study in the area
was granted by the Palawan Council for Sustainable Development.

Study areas
Study areas representing five of six Philippine marine biogeographic zones were selected based
on their status as marine Key Biodiversity Areas (KBAs)[41, 42] containing a major fishing
ground in the country or region and having sources of historical or current fish visual census
or landings data (Fig 1). Fishers were interviewed in a total of 61 villages in the five marine
KBAs: 14 villages in Lanuza Bay and 18 villages on Danajon Bank in August-November 2012;
14 villages in Verde Island Passage and 10 villages in Polillo Islands in March-July 2013; and 5
villages in Honda Bay in July 2014.

Fisher interviews
Snowball sampling, that relies on referrals from initial subjects to generate additional interviewees [52], was used to maximize the number of interviews accomplished per day since people knew who else was present in the village each day. Fishers who were 21 years old and above
were invited to be interviewed face-to-face. Interviewees were placed in three groups based on
their age (early [21–41 years]), mid [42–62 years] and late [63 years]) (S1 Table). We targeted
at least 15% of the total fisher population.
A semi-structured interview was used to acquire data on fishers’ recall of their typical good
days’ catches at present and in each of the decades 1950s, 1960s, 1970s, 1980s, 1990s, and
2000s [27]. Fishers were also asked to identify finfish species that had once been, but were no
longer captured and asked what their recollections were of these species’ catch per unit effort
(CPUE) in each decade based on a typical good day’s catch [27] (S2 Table).
Significant Philippine events were used to help memory of the periods involved [27,40].
These were the period after the Japanese occupation (1950s), and the political landmarks of the
presidents who were governing during the decade (Magsaysay [1960s], Marcos [1970s], Cory
[1980s], Ramos [1990s], and Erap and Gloria [2000s]). Different local names used for the same
fish species were reconciled by cross-referencing with photographic field guides, including
those specific to the site [53–56] and with FishBase [57]. Because fishers can have multiple
names for the same species, or single names for several species, caution was exercised in the use
and validation of local names, particularly at species level.
Potential issues in interpreting abundance trends based on fishers’ recollections of past
catches include the limitations of CPUE as a measure of abundance [52, 58] and psychological
biases [40, 59]. Fishers may remember good days’ catches better than normal days’ catches [59]
and older people with expertise derived from a lifetime of personal experiences [60–64], such as
in fishing, may have good retention of fishing experiences even when memory of other matters
is severely curtailed [60–64]. Our initial questionnaire development work with family-level data
showed that typical good days’ catch data were less variable among fishers than those based on
their recollected average catches, and would thus have greater power to detect changes [59, 65].
Socio-economic drivers of finfish depletions. A total of 423 fishers targeting at least one
of the most vulnerable finfish species identified in models were interviewed in three of the
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Fig 1. Map showing location of study areas. A = Polillo Islands; B = Verde Island Passage; C = Honda Bay;
D = Danajon Bank; E = Lanuza Bay.
doi:10.1371/journal.pone.0155752.g001
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marine KBAs (Lanuza Bay, Polillo and Honda Bay) to gather data on potential socio-economic influences on fishery depletions. The socio-economic data included overall daily
income, overall daily savings, number of people in the household, number of children, community population size, area of delineated fishing ground, reef area per marine KBA, distance
of market from community, hours per day fishing, engine power and community development. To assess community development, we used a composite index based on the presence
of community-level infrastructure and services [66, 67] including primary school, secondary
school, hard top road, mobile phone signal, variety store, electricity supply, piped water system, septic tank, regular jeepney trips, regular bus trips, fuel service, sewage treatment facility
and health care centers.

Statistical analysis
Perceived CPUE temporal trends. Finfish species for detailed temporal analysis were
selected based on their reported catch occurrence in all five areas and their frequency of zero
reported catches. We evaluated different statistical models for each of these species to estimate
the change in perceived CPUE in relation to time and fishing practices (Tables 1 and 2). We
tested for the best statistical approach for each species that would reduce the overall variation
in the data [68] using Generalized Linear Mixed Models (GLMMs) to incorporate any random
component that estimates the heterogeneity between clusters (i.e. between subjects) [69] and
zero-inflated GLMMs to account for excessive zeroes in the perceived CPUE data.
Seven explanatory variables were included in these statistical models: decadal year (i.e.
1950s, 1960s, 1970s, 1980s, 1990s, 2000s, current year at time of interview), main fishing gear,
engine power in horsepower, number of hours fishing and number of years of fishing experience, decadal age (age at the midpoint of each decade), and decadal age squared, the last to test
for any non-linear relationship between age of fisher and perceived CPUE.
Dispersion and Akaike Information Criterion (AIC) were used for model selection. Overdispersed models (Dispersion > 1) may be due to the non-normal distribution of the data (positively skewed because of the presence of some large catches per day), and perceived CPUE was
logarithmically transformed to help normalize the data. In the GLMMs and zero-inflated
GLMMs, the overall variability was separated into fixed and random components, the former
estimating the effect of interest (e.g. of time and fishing practice on perceived CPUE), while the
random component estimated the heterogeneity between interviewees [67].
Whether using GLMMs (Table 1) or zero-inflated GLMMs (Table 2), a stepwise approach
was employed for each species to assess the significance of different random components by
increasing the number of random effects in each step [68, 70]. In Models 3a and 3b (Tables 1
and 2), only the interviewee was treated as a random effect, accounting for individual differences among fishers. Models 4a and 4b (Tables 1 and 2) included both interviewee and decadal
age. Models 5a and 5b (Tables 1 and 2) included interviewee nested in marine KBA, accounting
for perceptions varying among marine KBAs. Models 6a and 6b (Tables 1 and 2) included
decadal age and interviewee nested in marine KBA. The model with the lowest AIC was considered the best fit to the CPUE data for each species that disappeared from catches while
accounting for any fishing practice significantly affecting the data.
Interactions among explanatory variables were also tested: decadal year x decadal age for
the relationship of decadal CPUE to age (Tables 1 and 2, Models 7a and 7b), and decadal year x
engine power for the relationship of decadal CPUE to engine power (Models 8a and 8b).
To estimate the rate of change of perceived CPUE (percent decline) from the 1950s to
2012–2014 for each species, we also ran the selected final model including decadal year as a categorical variable. This allowed estimates of perceived CPUE in each decade to be estimated.
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Table 1. Response variable, fixed and random effects, dispersion and AIC values of the GLMM and zero-inflated GLMM (ZIGLMM) models for Alectis ciliaris, Cheilinus undulatus and Lutjanus argentimaculatus.
Variables

Model 1
GLMM

Model 2
ZIGLMM

Model 3a
GLMM

Model 4a
GLMM

Model 5a
GLMM

Model 6a
GLMM

Model 7a
GLMM

Model 8a
GLMM

X

X

X

X

X

X

X

X

Decadal year

X

X

X

X

X

X

X

X

Decadal age

X

X

Decadal age2

X

X

Main gear

X

X

Engine power

X

X

X

X

X

X

X

X

Hours ﬁshing

X

X

Fishing experience

X

X

X

X

X

X

X

X

Response variable
Log (CPUE+1)
Fixed effects

Interaction (decadal year
x decadal age)

X

Interaction (decadal year
x engine power)

X

Random effects
Interviewee

X

X

X

Decadal age

X

marine KBA
Model criteria

X

X

X

X

X

X

X

X

X

X

X

Dispersion/
AIC

Dispersion/
AIC

Dispersion/
AIC

Dispersion/
AIC

X
Dispersion/
AIC

Dispersion/
AIC

Dispersion/
AIC

Dispersion/
AIC

Alectis ciliaris

0/7201

0/9332

0/7161

0/6877

0/7102

0/6799*

0/6805

0/6811

Cheilinus undulatus

0/3533

0/3735

0/3501

0/3315

0/3451

0/3251*

0/3280

0/3262

Lutjanus
argentimaculatus

0/6931

0/9410

0/6890

0/6517

0/6772

0/6396*

0/6402

0/6409

X = explanatory variable used in the model;
* = selected model
doi:10.1371/journal.pone.0155752.t001

Life-history and socio-economic predictors of species disappearance. We used linear
modelling to investigate relationships between species disappearance and life-history traits of
the finfish species reported by fishers to be missing from catches. Where data were overdispersed we used negative binomial models to quantify aggregate. Mixed models with interviewee
as the random effect were used to account for unmeasured variation among interviewees.
The modeled life-history traits were maximum total length [Lmax], the growth coefficient [k],
maximum age at maturity [Tmat], trophic level, and vulnerability coefficient based on Fishbase
[57]) (Table 3). The relative importance of each explanatory variable was assessed based on its
p-value. Models with the lowest AIC values were considered the best fit to the given data [68,
70], and model fit was validated by assessment of the residuals against the fitted values (S1 Fig).
A multivariate approach was used to assess any association of socio-economic variables
(overall daily savings, overall daily income, number of household members, number of children, population of community, area of delineated fishing ground, reef area, distance of market
from the community, hours per day fishing, engine power and a community development
score) with perceived CPUE trends in the five most vulnerable finfish species in Lanuza Bay,
Polillo and Honda Bay. For each species, the random effects of the final models of perceived
CPUE decline were extracted. The relationship of the interviewee random intercepts for all five
species were correlated with socio-economic drivers using Redundancy Analysis (RDA) [70].
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Table 2. Response variable, fixed and random effects, dispersion and AIC values of the GLMM and zero-inflated GLMM (ZIGLMM) models for Bolbometopon muricatum and Epinephelus lanceolatus.
Model
1GLMM

Model 2
ZIGLMM

Model 3b ZI
GLMMa

Model 4b ZI
GLMMb

Model5b ZI
GLMMb

Model 6b ZI
GLMMb

Model 7b ZI
GLMMc

Model 8b ZI
GLMMc

X

X

X

X

X

X

X

X

Decadal year

X

X

X

X

X

X

X

X

Decadal age

X

X

X

X

X

X

X

X

Decadal age

X

X

X

X

X

X

X

X

Main gear

X

X

Engine power

X

X

X

X

X

X

X

X

Hours ﬁshing

X

X

Fishing experience

X

X

X

X

X

X

X

X

Variables
Response variable
log(CPUE+1)
Fixed effects

2

Interaction (decadal
year x decadal age)

X

Interaction (decadal
year x engine power)

X

Random effects
Interviewee

X

X

X

Decadal Age

X

X

X

marine KBA

X

X

X

X
X

X

X

X

Model criteria

Dispersion/
AIC

DispersionAIC

Dispersion//
AIC

Dispersion/
AIC

Dispersion/
AIC

Dispersion/
AIC

Dispersion//
AIC

Dispersion/
AIC

Bolbometopon
muricatum

0/5553

0/5013

0/5034

0/5297

0/4879

0/4881

0/4848*

0/4879

Epinephelus
lanceolatus

0/2356

0/2208

0/2199

0/2339

0/2185*

0/2187

0/ 2173

0/ 2186

X = explanatory variable used in the model;
* = selected model
a
Engine power and years of experience not signiﬁcant as explanatory variable for E. lanceolatus (p>0.05)
b

Only decadal year is a signiﬁcant explanatory variable for E. lanceolatus (p<0.05)

Decadal year, decadal age, decadal age2, engine power, ﬁshing experience and interaction terms (Decadal year x decadal age; decadal year x engine
power) are not signiﬁcant explanatory variables for E. lanceolatus (p>0.05)

c

doi:10.1371/journal.pone.0155752.t002

A permutation test using the step function in the vegan package [71] including all the socioeconomic drivers determined the significant drivers (p <0.05) which were then included in a
second model. The model with the lower AIC was considered to best explain effects of the
socio-economic variables.
GLM models were fitted using the MASS package [72], GLMM models used the nlme package [73] and ZIGLMMs were fitted using the glmmADMB package [74, 75] in R version 15.1
[76]. Model fit was validated by assessment of the residuals against the fitted values. Error plots
were produced [70] using the ggplot2 package [77].

Results
A total of 2655 fishers were interviewed in the five marine KBAs: 411(26% of total registered
fishers) in Lanuza Bay, 955 (28%) in Danajon Bank, 455 (27%) in Verde Island Passage, 422
(19%) in Honda Bay and 405 (total number of registered fishers, unknown) in Polillo Islands
(S1 Table). Seven fishers were excluded from the analysis because they did not target finfish,
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Table 3. Response variables, fixed and random effects, dispersion and AIC values of GLM and GLMM models for the life-history traits analysis.
Variables

Model 1 Poisson GLM

Model 2 Negative Binomial GLM

Model 3 GLMM

X

X

X

Response variable
log(CPUE+1)
Fixed effects
Decadal year

X

X

X

Maximum length (Lmax)

X

X

X

Growth coefﬁcient (k)

X

X

X

Age at ﬁrst maturity (Tmat)

X

X

X

Trophic level

X

X

X

Vulnerability coefﬁcient

X

X

X

Interviewee

X

X

X

Model criteria (Dispersion/AIC)

130/Inf

10/93306

0/40173*

Random effect

X = explanatory variable was included in the model; Inf = positive inﬁnity;
* = selected model
doi:10.1371/journal.pone.0155752.t003

and a total of 1,830 respondents (69% of total), mostly in their mid and late life stages (S2 Fig)
could answer questions about species that had disappeared from catches: 212 (11.6% of total)
in Lanuza Bay, 600 (32.8%) in Danajon Bank, 364 (19.9%) in Verde Island Passage, 345(18.8%)
in Polillo Islands and 309 (16.9%) in Honda Bay.
The distribution of the type of target species of the fishers is shown in (Fig 2) with two thousand and three fishers (76%) targeting reef-associated species. Fishery details including fishing
gears, target species, other fishing practices and changes that have occurred over time in the
five marine KBAs are included in Supplementary Information (S5 and S6 Tables) (S3, S4 and
S5 Figs).

Finfish disappearances from catches
A total of 59 finfish names were reported to have gone missing from catches between the 1950s
and 2014, of which 42 (71%) were identified to species level, two (3%) to genus, seven (12%) to
family and eight (14%) to local name only (S3 Table).
The five species with the highest frequency of zero reported catches in all five areas, which
were considered the most vulnerable to depletion were the green bumphead parrotfish
(n = 488 interviewees), African pompano (n = 1049), mangrove red snapper (n = 1065), humphead wrasse (n = 456) and giant grouper (n = 199) (Table 4). Based on dispersion and AIC
model selection criteria, either GLMMs or ZIGLMMs most reduced the overall variability in
the perceived CPUE.
GLMMs for humphead wrasse, African pompano and red mangrove snapper showed only
decadal year, engine power and years’ fishing experience accounted for significant variation in
perceived CPUE (Table 1, Model 1). Including only these covariates (Table 1, Model 3a)
reduced the AIC. Including interviewee, marine KBA and fisher decadal age as random effects
further improved the AIC (Table 1, Model 6a) while adding interaction terms did not. The
final model for these species shows both decadal year and fishing experience negatively correlated, while engine power was positively correlated, with perceived CPUE (Table 5).
Decadal year, decadal age, decadal age2, engine power and years’ fishing experience
explained significant variation in the perceived CPUE data for green bumphead parrotfish and
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Fig 2. Target species of fishers in each marine KBA.
doi:10.1371/journal.pone.0155752.g002

giant grouper (Table 2, Model 3b). Inclusion of marine KBA and interviewee as random effects
improved the AIC further (Table 2, Model 5b) with decadal year the only significant explanatory variable for the giant grouper. Adding the interaction decadal year x decadal age with
interviewee and marine KBA as random components further reduced AIC in both species
(Table 2, Model 7b).
This model for green bumphead parrotfish (Table 2, Model 7b) showed decadal year, years’
fishing experience and the interaction between decadal year and decadal age negatively correlated with perceived CPUE while engine power was positively correlated with perceived CPUE
(Table 5). There was also a significant quadratic relationship between decadal age and perceived CPUE (Table 5).
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Table 4. Numbers of zero catch reports for species reported in at least two marine KBAs.
Common English name

Species Name

Family

A

B

C

D

E

Total zero catch reports

N

Green bumphead parrotﬁsh

Bolbometopon muricatum

Labridae

82

111

24

48

36

301

488

African pompanoa

Alectis ciliaris

Carangidae

151

24

8

29

51

263

1049

Mangrove red snappera

Lutjanus argentimaculatus

Lutjanidae

148

20

18

28

40

254

1065

Humphead wrassea

Cheilinus undulatus

Labridae

86

28

12

41

29

196

456

Giant groupera

Epinephelus lanceolatus

Serranidae

19

21

11

21

16

88

199

Smalltooth emperor

Lethrinus microdon

Lethrinidae

32

0

12

23

26

93

723

Golden trevally

Gnathanodon speciosus

Carangidae

5

0

9

23

27

64

471

Leopard coral grouper

Plectropomus leopardus

Serranidae

3

12

0

2

0

17

19

Humpback grouper

Cromileptes altivelis

Serrranidae

1

0

1

11

0

13

17

Bicolor goatﬁsh

Parupeneus barberinoides

Mullidae

1

2

1

0

0

4

13

Orange-spotted grouper

Epinephelus coioides

Serranidae

7

0

0

0

1

8

12

Oxeye scad

Selar boops

Carangidae

2

0

0

0

2

4

7

Blue trevally

Carangoides ferdau

Carangidae

0

1

0

0

2

3

3

Big eye trevally

Caranx sexfasciatus

Carangidae

1

0

0

1

0

2

2

Goldlined spinefoot

Siganus guttatus

Siganidae

1

1

0

0

0

2

3

a

A = Danajon Bank, B = Lanuza Bay, C = Honda Bay, D = Polillo Islands, E = VIP, N = total number of respondents
a

Species selected for detailed temporal analysis

doi:10.1371/journal.pone.0155752.t004

For the giant grouper, decadal year and the interaction between decadal year and decadal
age were not significant (Table 2, Model 7b), thus Model 5b (Table 2) was selected as the final
model, with decadal year alone significantly describing the decline of perceived CPUE through
time.
Recalled good days’ catches of the 5 selected species tended to decline across all the decades
(Fig 3). The final models indicated that perceived CPUE declined between the 1950s and 2014
Table 5. Covariates included in the final model (see text) for each species showing statistical significance and direction of effect (+/-).
Covariates

Alectis ciliaris
(n = 1049)

Bolbometopon
muricatum (n = 488)

Cheilinus
undulatus
(n = 456)

Epinephelus
lanceolatus (n = 199)

Lutjanus
argentimaculatus
(n = 1065)

Decadal year

***(-)

***(-)

***(-)

***(-)

***(-)

Decadal age

**(+)

Decadal age2

**(-)

Gear
Engine power

***(+)

** (+)

* (+)

**(+)

**(-)

***(-)

* (-)

**(-)

Hours ﬁshing
Fishing experience

**(-)

Interaction (decadalyear
x Decadal age)
Interaction (decadalyear
x engine power)
Perceived CPUE decline

66%

88%

82%

74%

64%

* = p<0.05,
** = p<0.01,
*** = p<0.001
doi:10.1371/journal.pone.0155752.t005
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Fig 3. Boxplots of catch per unit effort (kg/day) for the five key species. Perceived CPUE outliers for some species
were removed: E. lanceolatus (576 kg/day); B. muricatum (600 kg/day) and A. ciliaris (700 kg/day).
doi:10.1371/journal.pone.0155752.g003

by 82% in the humphead wrasse, 66% in African pompano, 64% in mangrove red snapper,
88% in green bumphead parrotfish and 74% in giant grouper (Table 5, Fig 4).
Life-history traits as predictors of disappearance from catch. Of the life-history variables
(S4 Table), the selected models showed decadal year and species’ maximum lengths negatively
correlated, and the k growth coefficient, age at first maturity, trophic level and vulnerability
coefficient positively correlated, with the perceived CPUE of the 42 species that had disappeared from catches (Table 6).
Socio-economic factors of finfish depletions. Fisher age, number of household members,
engine power and community development index were significant explanatory socio-economic
variables associated with depletion of finfish species based on the stepwise permutation test.
The model including only these significant socio-economic variables had a lower AIC (-98)
compared to that containing all the socio-economic variables (Table 7). A redundancy analysis
of the better model showed that 3.8% of the variation in rate of change of perceived CPUE
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Fig 4. Perceived Catch per unit effort (CPUE) ± SE.
doi:10.1371/journal.pone.0155752.g004

Table 6. Life-history covariates included in the final model showing statistical significance and direction of effect (+/-).
Covariates

p-value

Decadal year

***(-)

Lmax

***(-)

k

***(+)

Tmat

***(+)

Trophic level

**(+)

Vulnerability coefﬁcient

**(+)

* = p<0.05,
** = p<0.01,
*** = p<0.001
doi:10.1371/journal.pone.0155752.t006
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Table 7. Candidate models for the socio-economic variables depletion.
Model

Model Parameters

AIC

Model
A

species ~ age + overall savings + overall income + No. of household members + No. of
children + community population + area of delineated ﬁshing ground + distance of market
from community + hours ﬁshing + engine power + Community Development Index + reef
area

-83

Model
B

species ~ age + No. of household members + engine power + Community Development
Index

-91

doi:10.1371/journal.pone.0155752.t007

among target species was attributable to fisher age, number of household members, engine
power and community development index. Among the five most vulnerable species in the
three areas (Lanuza Bay, Polillo and Honda Bay), the decline of Cheilinus undulatus was most
closely influenced by fisher age, engine power and community development index, while that
of Alectis ciliaris was closely related with the number of household members (Fig 5).

Discussion
We identified 59 finfish names disappearing from catches at various points since the 1950s.
The five most vulnerable species (B. muricatum, E. lanceolatus, C. undulatus, A. ciliaris and L.

Fig 5. RDA plot of species and socio-economic drivers based on Model B.
doi:10.1371/journal.pone.0155752.g005
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argentimaculatus), those with the highest frequency of zero catches, exhibited 64–88% declines
in perceived good days’ CPUE. These disappearances from catches were mainly associated
with excess and uncontrolled fishing, fish life-history traits like large maximum body size and
some indirect socio-economic drivers like access to market-related community level infrastructures and services and human population.
Among the five most vulnerable species, the green bumphead parrotfish B. muricatum had
the greatest proportion of fishers reporting no catches, the most fishers targeting it and the
greatest decline in perceived CPUE. Extensive underwater visual surveys show that this species
is very rare in the Philippines [22]. B. muricatum has also been heavily fished and is rare in
most of its Indo-Pacific range [22, 24, 78, 79]. This species is considered Vulnerable in the
IUCN Red List [77], while. C. undulatus is categorized as Endangered and is in the Convention
on International Trade of Endangered Species of Wild Flora and Fauna (CITES) Appendix II
since 2004 [80]. Its rarity and vulnerability [57] have been highlighted and its densities rarely
exceed 20 fish per hectare in preferred outer reef habitat [81]. Of the five most vulnerable species, E. lanceolatus and C. undulatus are the most targeted for the Asian live reef food fish trade
[81, 82]. There is now extensive hatchery production of E. lanceolatus, however large individuals for brood stock and consumption remain wild caught [83], sourced, among others, from
Indonesia and the Philippines [84]. Juveniles of C. undulatus are preferred by consumers and
fetch the highest prices in this trade [85]. Despite regulations for C. undulatus in the Philippines, there is much illegal, unregulated and unmonitored fishing [85] and in our study, many
fishers were unaware that it is legally protected. A. ciliaris is categorized by IUCN as Least Concern [86], but it is extinct at two islands off Bohol (Philippines) [27], while L. argentimaculatus
remains unassessed by IUCN (2015) yet it may have been extirpated in Naujan Lake National
Park in Mindoro Oriental (Philippines) [87].

Potential biases in the perceived CPUE data
There are potential biases in catch data derived from fisher interviews [40, 60, 88], and changes
in recollections may mask or exaggerate perceived trends [40, 60, 88, 89]. Older and more experienced fishers may be more likely to report greater decline or more species disappearing. The
decadal time scale of recalled catches likely contributed to variability in the data [88]. Excessive
zeroes in our data may have arisen for several reasons. Zeroes in the data can be classified as
“false” or “true” [68], the “true” zero CPUE values occurring when a species is absent resulting
in low probability of fishing success, while “false” zeroes occur when a target species is present
but not caught, or forgotten, by the fisher interviewee. Thus a target species may be genuinely
rare, or have low catchability with the fishing gear involved, or it might be a schooling fish
where there is a high probability of zero catches but catch rate might occasionally be very high
if it is encountered [90]. In this study, this was accounted for by using zero-inflated GLMM
models. Increasing fishing efficiency through fishers’ greater fishing experience or engine
power, which were significant in catch trends for deep dwelling species such as adult African
pompano, mangrove red snapper and humphead wrasse, are among other potential biases in
such temporal data [60, 88]. It is important to evaluate such biases in assessing extirpation risk,
however a standard method to quantify such bias has yet to be developed [40]. For the species
found here to be most vulnerable being mostly wide-ranging [57], comparable analyses from
multiple data sources at wider spatial scales are desirable.

Drivers of finfish depletion
That maximum body size and growth coefficient were among the best predictors of declines in
species’ perceived CPUE corroborates much theoretical and empirical analysis [45–48, 91–97].
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Large-bodied fishes are usually targeted most heavily due to their high value and catchability
[47] but also tend to have greater ages at maturity, and low intrinsic rates of population
increase [48, 96, 98], although this is not universally the case for reef fishes [44, 99]. Differences
in fishing intensity and strategy including different fishing gears and techniques are also
important factors in fish depletion [46, 95].
Fishing affects reef fishes directly through removal of individuals and indirectly by altering
species interactions or habitat [39, 100–102]. The modelling indicated that the green bumphead
parrotfish and giant grouper had been targeted and depleted the longest. Heavy exploitation of
these species likely started before the 1950s, their being the largest species of their kind probably
enhancing their desirability to fishers. A prominent feature of the modeled catch trend in green
bumphead parrotfish was the quadratic relationship between perceived CPUE and decadal age.
Fishers’ catches have tended to increase with age early in their fishing careers, reach a peak, and
then decline with age. This pattern is attributable to the physical exertion required by spearfishing, which was the main reported method for targeting this species [27, 103]. Number of years’
fishing experience was negatively related with perceived CPUE for bumphead parrotfish, humphead wrasse, African pompano and mangrove red snapper. This may be fisher-behaviour and/
or ecological in origin, for example fishers switching target species or fishing grounds as a stock
is depleted. Perceived CPUE declines of the five most vulnerable species commencing in the
1960s and 1970s coincided with many changes in fishing practice. Poison fishing commenced in
the 1960s, fine mesh nets, trawls and intensive but destructive fishing gears were introduced in
the 1970s, and commercial fishers using sophisticated fishing gears and lights appeared in the
1990s [104]. Gillnets, once single-layered and only a few metres in length, were now 2–3 ply and
up to 5000 m long. Hook and line developed from simple hand lines with few hooks into lines
with up to 5000 hooks. In Honda Bay, a 40% increase in number of fishing boats between 1999
and 2002 likely contributed to reductions in CPUE and numbers of finfish species caught [105].
The Philippines’ multi-species fisheries remain exceptionally diverse in the gears used and this
represents a huge challenge to attempt to quantify fishing effort [106].
We found that extending the time spent fishing was a common strategy to compensate for
declining catches. Maximum fishing time had increased four-fold from the 1950s until 2014.
Moving further away from the shore to maintain catches involves greater engine power and
fuel costs. Our models show that the perceived CPUE was positively related to engine power in
the humphead wrasse, mangrove red snapper, African pompano and green bumphead parrotfish. Given the distribution of these species in deeper waters [23, 57, 60, 62, 107, 108], more
powerful engines are needed to reach these fishing grounds. The green bumphead parrotfish
occurs in shallow waters, but its presence is increasingly rare there. In our models, despite
greater fishing experience and engine power, catches have continued to dwindle. Fishers have
been driven to use more efficient but destructive fishing methods [109]. In the Polillo Islands,
fisheries law enforcement is insufficient to deter dynamite use and other illegal forms of fishing.
Much of the exploitation is opportunistic, including the incidental catching of rare desirable
species while targeting less desirable common species [110].
Social and economic factors are also important for tailoring management measures of coral
reef fisheries [50]. Our models revealed that socio-economic factors such as fisher age, engine
power as a proxy measure of wealth, and community development, may indirectly enhance
depletion of C. undulatus and A. ciliaris in Lanuza Bay, Polillo Islands and Honda Bay. Juvenile
humphead wrasses were mainly caught by cyanide and compressor fishing. As this is a form of
fishing more suited to younger fishers, it may explain the role of fisher age in fishing success.
This species is also a major target for the live reef food fish trade in which it commands among
the highest prices. The capacity to generate greater income may explain why fishers from larger
households tend to target this species. C. undulatus occurs mostly in deeper and more offshore
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reefs [57] and the relationship between perceived CPUE and engine power is linked to the ability of fishers to purchase more powerful boats and fuel to access such sites. Declines of humphead wrasse were also related to market-related infrastructure such as availability of mobile
phone signal and regular transport, fuel supply and road surfacing. Market promixity can negatively affect vulnerable reef fish [50], while road construction has increased market access and
thus fish sales, thereby increasing pressure on fish stocks [111]. Number of household members was also evidently conducive to depletion of A. ciliaris. The tendency for number of household members to enhance trends in declines of finfish highlights how increasing population
size is putting more pressure on natural resources than in the past.

Implications for conservation and management
The depletion of wide-ranging, once common schooling reef fish such as the green bumphead
parrotfish is now widespread [24]. This species plays important ecological roles in coral predation and erosion [78, 112–115]. The declining abundance of this and related scraping species
has likely already significantly impacted ecosystem functionality in several ways, including supply of carbonate sediment [79], suppression of macroalgae and maintenance of coral cover
[115–120]. Our documenting of the decline of these large species indicates that effective conservation action is badly needed [112–114].
Substantial depletion of humphead wrasse, giant grouper, African pompano and mangrove
red snapper in the Philippine marine KBAs contrasts with their occurrence in the wild and in
markets [57]. With wide Indo-Pacific distributions, these fishes will long persist at some sites;
global extinction is expected to be slow [121]. Rather, the tendency to depletion of wide-ranging, large and slow-growing reef fish species has implications for area-based conservation and
regional resource management. Marine protected areas (MPAs) need to be large or strategically
located within a network to capture the full ranges of such species [83]. They may need to
encompass nurserv habitats for species like L. argentimaculatus [107, 108] and the present
study highlights the need to include outer and deep (>30m) shelf areas in MPA planning [83].
Our evidence points to a distinct need for species-specific data, especially in these multi-species
multi-gear fisheries such as here where aggregated catch data risk masking losses of vulnerable
species such as E. lanceolatus [83].
High Filipino population growth [122] with more than 50% people living near or at the
coast [20] is putting huge pressure on reef resources [50, 100, 101, 123–125]. This poses a great
challenge to conservation in the face of poverty, movement of goods and people, and globalization [50]. Without initiatives that address these pressures, our data indicate for this epicentre
of reef fish diversity that species are likely be lost before they have been scientifically characterized [126–128] and their ecosystem roles have been understood [129]. It is possible that the
eight local names given by fishers for fishes no longer caught that could not be found in field
guides may be significant in this regard.

Conclusions
This paper contributes to the growing evidence for dramatic declines of vulnerable reef fish
species in a highly species-rich but data-depauperate setting [30, 35, 38, 88]. Fishers’ knowledge
provides evidence of local extinction vulnerability of many finfish species [24, 28, 32, 33, 37,
79, 130–132] and the links of this to life-history traits [27, 44–49], overexploitation [27, 43, 44]
and socio-economic drivers [50, 51] of depletions. Our robust modelling [31, 133–135] of these
data is novel for this global epicentre of coastal species diversity and highlights the value of fishers’ knowledge in providing evidence for declines in vulnerable species in abundances at large
spatial and temporal scales.

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

16 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

Supporting Information
S1 Fig. Comparison of fitted values versus standardized residuals between Poisson Generalized Linear Model (Poisson GLM), Negative binomial GLM and Generalized Linear Mixed
Model (GLMM) obtained from the life history trait analysis.
(TIF)
S2 Fig. Box plot of total number of species reported per age category. Early:21-41years old;
Mid:42–62 years old; Late63 years old
(TIF)
S3 Fig. Maximum fishing time of fishers in each of the six decades and current time of
interview.
(TIF)
S4 Fig. Reasons for change in fishing ground.
(TIF)
S5 Fig. Types of main fishing gear per marine KBA.
(TIF)
S6 Fig. Fitted values versus standardized residuals obtained from the final CPUE temporal
trend models. Residuals show a pattern of bands given by the number of zeroes in the data, which
is a characteristic to all linear regression, GLM, mixed models and GAM models when there are
lots of observations with the same values. Values larger than 2 or -2 are potential outliers [70].
(TIF)
S7 Fig. Normal qq plots obtained from the final models allowing the assumption of normality to be checked. The two key species, C. undulatus, and E. lanceolatus, show resulting
points that lie roughly on a straight line, indicating the distribution of the data is considered to
be the same as normally distributed variable, than B. muricatum, A.ciliaris and L. argentimaculatus [70].
(TIF)
S1 Table. Site characteristics with numbers and age categories of fishers interviewed. Early:
21–41 years, Mid: 42–62 years, Late-aged: 63 years
(DOCX)
S2 Table. Questions asked in interviews based on Lavides et al. 2010 [27].
(DOCX)
S3 Table. List of species reported to be disappearing from catches.
(DOCX)
S4 Table. Life History traits of the finfish names identified up to the species level. Lmax =
maximum body size, Tmat = age at first maturity, k = growth coefficient.
(DOCX)
S5 Table. Main fishing gears used by fishers per marine KBA.
(DOCX)
S6 Table. Target species of fishers in each marine KBA.
(DOCX)
S7 Table. Variables included in initial models used in GLMM Analysis.
(DOCX)

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

17 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

Acknowledgments
We thank the local communities of Lanuza Bay, Danajon Bank, Verde Island Passage, Polillo
Islands and Honda Bay, including the local government units, NGOs and the various peoples’
organizations and academic institutions for their cooperation and support. Local researchers,
notably Dante Limpot, Rodel Botero, Jay Mejares, Jhun-Rey Mejasco, Gerry Sucano, Framie
Dimaano, Jo Annie Corvera and Ronald Iniego are thanked for help in data gathering and
Julieta Mejasco for data gathering and databasing, the latter aided also by Marie Angela Petines
and Miguel Lorenzo Panopio. The support and cooperation of teams through the leadership of
Dr Michael Pido (Palawan State University), Dr Benjamin Gonzales (Western Palawan University) and Ms Melissa Macasaet (Agriculture Office, Puerto Princesa City), are warmly acknowledged. Haribon Foundation’s management and staff provided crucial support for the project.

Author Contributions
Conceived and designed the experiments: MNL NVCP EPVM GEDLR ACM SPR SMS. Performed the experiments: EPVM GEDLR. Analyzed the data: MNL NVCP EPVM GEDLR
ACM SPR SMS. Wrote the paper: MNL NVCP EPVM GEDLR ACM SPR SMS.

References
1.

McAllister D. Status of the world ocean and its biodiversity. Sea Wind. 1995; 9(4): 14.

2.

Bryant D, Burke L, McManus J, Spalding M. Reefs at Risk A Map-based Indicator of Potential Threats
to the World’s Coral Reef. Washington D.C.: World Resources Institute; 1998.

3.

Burke L, Reytar K, Spalding M, Perry A. Reefs at risk revisited. Washington D.C.: World Resources
Institute; 2012.

4.

Bellwood DR, Hughes TP. Regional scale assembly rules and biodiversity of coral reefs. Science.
2001; 292: 1532–1534. PMID: 11375488

5.

Carpenter KE, Springer VG. The center of the center of marine shorefish biodiversity: the Philippine
Islands. Environ Biol Fish. 2005; 72:467–480.

6.

Roberts CM, McClean CJ, Veron JEN, Hawkins JP, Allen GR, McAllister DE. Marine biodiversity hotspots and conservation priorities for tropical reefs. Science. 2002; 295: 1280–1284. PMID: 11847338

7.

Alcala AC, Russ GR. Status of Philippine coral reef fisheries. Asian Fish Sci. 2002; 15: 177–192.

8.

Bureau of Fisheries and Aquatic Resources (BFAR). Fisheries Sector; 2014. Available: http://www.
bfar.da.gov.ph/profile?id=19#post. Accessed 9 February 2016.

9.

National Economic and Development Authority (NEDA). Philippine Development Plan 2011–2016
Results Matrices. Pasig City: National Economic and Development Authority; 2011.

10.

Barut NC, Mijares MD, Subade R, Armada NB, Garces LR. Philippine coastal fisheries situation. In:
Silvestre G, Garces L, Stobutzki I, editors. Assessment, Management and Future Directions for
Coastal Fisheries in Asian Countries. Penang, Malaysia: Worldfish Center Conference Proceedings;
2003. pp. 885–914.

11.

Barut NC, Santos MD, Garces LR. Overview of Philippine marine fisheries. In: DA-BFAR (Department
of Agriculture-Bureau of fisheries and Aquatic Resources). In Turbulent Seas: The status of Philippine
marine fisheries. Cebu City, Philippines: Coastal Resource Management Project; 2004. 378 p.

12.

Butcher JG. Closing the frontier: a history of the marine fisheries of Southeast Asia c. 1850–2000;
2004. 442p.

13.

Pauly D, Kleisner K, Bhathal B, Boonzaier L, Freire K, et al. Towards increasing fisheries' contribution
to food security. Part 1: The potentials of Brazil, Chile, India and the Philippines. Vancouver: Sea
Around Us Project; 2012. 109p.

14.

Muallil RN, Celand D, Alino PM. Socio-economic factors associated with fishing pressure in smallscale fisheries along the West Philippine Sea biogeographic region. Ocean Coast Manage. 2013; (
82): 27–33.

15.

Máñez KS, Holm P, Blight L, Coll M, MacDiarmid A, Ojaveer H, et al. The future of the oceans past:
towards a global marine historical research initiative. PloS ONE. 2014; 9(7):e101466. doi: 10.1371/
journal.pone.0101466 PMID: 24988080

16.

Carpenter KE. Philippine coral reef fishery resources. Phil J Fish. 1977; 17: 95–125.

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

18 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

17.

Carpenter KE and Alcala AC. Philippine coral reef fisheries resources. Part II Muro-ami and kayakas
reef fisheries, benefit or bane? Phil J Fish. 1977; 15: 217–35.

18.

Maypa AP, Russ GR, Alcala AC, Calumpong HC. Long term yield and catch rates of the coral reef
fishery at Apo Island, Central Philippines. Mar Freshw Res. 2002; 53: 1–7.

19.

Aliño PM, Nanola C, Campos W, Hilomen V, Uychiaoco A, Mamauag S. Philippine coral reef fisheries:
diversity in adversity. In: DA-BFAR (Department of Agriculture-Bureau of fisheries and Aquatic
Resources). In Turbulent Seas: The status of Philippine marine fisheries. Cebu City, Philippines:
Coastal Resource Management Project; 2004. 378 p.

20.

Stobutzki IC, Silvestre GT, Talib AA, Krongprom A, Supongpan M, Khemakorn P, et al. Decline of
demersal coastal fisheries resources in three developing Asian countries. Fish Res. 2006; 78: 130–
142.

21.

Go KTB, Anticamara JA, de Ramos JAJ, Gabona SF, Agao DF, Hererra EC, et al. Species richness
and abundance of non-cryptic fish species in the Philippines: a global center of reef fish diversity. Biodivers Conserv. 2015; 24:2475–2495.

22.

Nanola CL, Alino PM, Carpenter KE. Exploitation-related reef fish species richness depletion in the
epicentre of marine biodiversity. Environ Biol Fish. 2011.

23.

Johannes RE, Neis B. The value of anecdote. In: Haggan N, Neis B, Baird IG, editors. Fishers knowledge in Fisheries Science and Management. France: UNESCO Publishing; 2007. pp35–58.

24.

Dulvy NK, Polunin NVC. Using informal knowledge to infer human-induced rarity of a conspicuous
reef fish. Anim Conserv. 2004; 7: 365–374.

25.

Hutchings JA. Spatial and temporal variation in the density of northern cod and a review of hypotheses
for the stock’s collapse. Can J Fish Aquat Sci. 1996; 53: 943–62.

26.

Neis B, Schneider DC, Felt L, Haedrich RL, Fischer J, Hutchings JA. Fisheries assessment: what can
be learned from interviewing resource users? Can J Fish Aquat Sci. 1999; 56: 1949–1963.

27.

Lavides MN, Polunin NVC, Stead SS, Tabaranza DG, Comeros MT, Dongallo JR. Finfish disappearances around Bohol, Philippines inferred from traditional ecological knowledge. Environ Conserv.
2010; 36(3): 235–244.

28.

Saenz-Arroyo A, Roberts CM, Torre J, Carino-Olvera M. Using fishers’ anecdotes, naturalists’ observations and grey literature to reassess marine species at risk: the case of the Gulf grouper in the Gulf
of California, Mexico. Fish & Fisheries. 2005; 6: 121–133.

29.

Saenz-Arroyo A, Roberts CM, Torre J, Carino-Olvera, Enriquez-Andrade RR. Rapidly shifting environmental baselines among fishers of the Gulf of California. Proc R Soc. 2005; 272: 1957–1962.

30.

Azzurro E, Moschella P, Maynou F. Tracking signals of change in Mediterranean fish diversity based
on local ecological knowledge. PLoS ONE. 2011; 6(9):e24885. doi: 10.1371/journal.pone.0024885
PMID: 21966376

31.

Maynou F, Sbrana M, Sartor P, Maravellas C, Kavadas S, Damalas D, et al. Estimating trends of population decline in long-lived marine species in the Mediterranean Sea based on fishers’ perceptions.
PLoS ONE. 2011; 6(7): e21818. PMID: 21818268

32.

Leeney RH, Poncelet P. Using fishers’ ecological knowledge to assess the status and cultural importance of sawfish in Guinea-Bissau. Aquat Conserv. 2013.

33.

Jabado RW, Al Ghais SM, Hamza W, Henderson AC. The shark fishery in the United Arab Emirates:
an interview based approach to assess the status of sharks. Aquat Conserv. 2014. doi: 10.1002/aqc.
2477

34.

Sadovy Y, Cheung WL. Near extinction of a highly fecund fish: the one that nearly got away. Fish &
Fisheries. 2003; 4: 86–99.

35.

Ainsworth CH, Pitcher TJ and Rotinsulu C. Evidence of fishery depletions and shifting cognitive baselines in Eastern Indonesia. Biol Conserv. 2008; 141: 848–859.

36.

Rochet MJ, Prigent M, Bertrand JA, Carpentier A, Coppin F, Delpech JP, et al. Ecosystem trends: evidence for agreement between fishers’ perceptions and scientific information. ICES J Mar Sci. 2008;
65: 1057–1068.

37.

Castellanos-Galindo GA, Cantera JR, Espinosa S, Mejia-Ladino LM. Use of local ecological knowledge, scientist’s observations and grey literature to assess marine species at risk in a tropical eastern
Pacific estuary. Aquat Conserv. 2011; 21:37–48.

38.

Coll M, Carreras M, Ciercoles C, Cornax M, Gorelli G, Morote E, et al. Assessing fishing and marine
biodiversity changes using fishers’ perceptions: The Spanish Mediterranean and Gulf of Cadiz case
study. PLoS ONE. 2014; 9(1): e85670. doi: 10.1371/journal.pone.0085670 PMID: 24465644

39.

Muallil RN, Mamauag SS, Cababaro JT, Arceo HO, Alino PM. Catch trends in Philippine small-scale
fisheries over the last five decades: The fishers’ perspectives. Mar Policy. 2014; 47: 110–117.

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

19 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

40.

O'Donnell KP, Pajaro MG, Vincent ACJ. How does the accuracy of fisher knowledge affect seahorse
conservation status? Anim Conserv. 2010; 13: 526–533.

41.

Ong PS, Afuang LE, Rosell-Ambal RG. Philippine Biodiversity Priorities: a second iteration of the
National Biodiversity Strategy and Action Plan. Quezon City, Philippines: Department of Environment and Natural Resources-Protected Areas and Wildlife Bureau, Conservation International Philippines, Biodiversity Conservation Program-Univerisity of the Philippines Center for Integrative and
Development Studies, and Foundation for the Philippine Environment; 2002.

42.

Conservation International Philippines, Department of Environment and Natural Resources-Protected
Areas and Wildlife Bureau, Department of Agriculture-Bureau of Fisheries and Aquatic Resources.
Priority Sites for Conservation in the Philippines: Marine Key Biodiversity Areas (Overview). Quezon
City, Philippines: Conservation International Philippines; 2009. Available:http://www.conservation.
org/global/philippines/publications/Documents/MKBA_Overview.pdf. Accessed 19 November 2014.

43.

Dulvy NK, Sadovy Y, Reynolds JD. Extinction vulnerability in marine populations. Fish and Fisheries.
2003; 4: 25–64.

44.

Abesamis RA, Green AL, Russ GR, Jadloc CR. The intrinsic vulnerability to fishing of coral reef fishes
and their differential recovery in fishery closures. Rev Fish Biol Fish. 2014; 24(4):1033–63.

45.

Jennings S, Greenstreet PR, Reynolds JD. Structural change in an exploited fish community: a consequence of differential fishing effects on species with contrasting life histories. J Anim Ecol. 1999a; 68:
617–627.

46.

Jennings S, Reynolds JD, Polunin NVC. Predicting the vulnerability of tropical reef fishes to exploitation with phylogenies and life histories. Conserv Biol. 1999b; 13(6): 1466.

47.

Jennings S, Kaiser MJ, Reynolds JD. Marine Fisheries Ecology. London: Blackwell Scientific Publications; 2001.

48.

Reynolds JD, Dulvy NK, Goodwin NB, Hutchings JA. Biology of extinction risk in marine fishes. Proc
R Soc. 2005; 272:2337–2344.

49.

Reynolds JD, Jennings S, Dulvy NK. Life histories of fishes and population Responses. In: Reynolds
JD, Mace GM, Redford KH, Robinson JG, editors. Conservation of exploited species. UK: Cambridge
University Press; 2001. pp. 147–168.

50.

Brewer TD, Cinner JE, Green A, Pressey RL. Effects of human population density and proximity to
markets on coral reef fishes vulnerable to extinction by fishing. Conserv Biol. 2012; 27(3): 443–452.

51.

Urquhart J, Acott T and Zhao M. Introduction: Social and cultural impacts of marine fisheries. Mar Policy. 2013; 37: 1–2.

52.

Berg BL. Qualitative research methods for the social sciences. 4th ed. Needham Heights, CA: Allyn
and Bacon; 2001.

53.

Gonzales BJ. Field Guide to Coastal Fishes of Palawan. Quezon City: Coral Triangle Initiative; 2013.

54.

Fisheries Improved for Sustainable Harvest (FISH) Project. Commonly traded fishes in Lanuza Bay.
Surigao del Sur: FISH Project of the Department of Agriculture; 2006.

55.

Kuiter RH, Debelius H. Southeast Asia: Tropical Fish Guide. Germany: IKAN-Unterwasserarchiv;
1997.

56.

Lieske E, Myers R. Coral Reef Fishes: Indo-Pacific and Caribbean. London: Harper Collins; 2001.

57.

Froese, R, Pauly D, editors. FishBase; 2015. Available: www.fishbase.org. Accessed 19 January
2016.

58.

Pauly D, Hilborn R, Branch TA. Does catch reflect abundance? Nature. 2013; 494: 303–306. doi: 10.
1038/494303a PMID: 23426308

59.

Daw TM. Shifting baselines and memory illusions: what should we worry about when inferring trends
from resource user interviews? Anim Conserv. 2010; 13: 534–535.

60.

Baddeley A. Human memory theory and practice. Revised Edition. UK: Psychology Press Ltd; 1997.
423p.

61.

Cohen G, Kiss G, Le Voi M. Memory current issues. UK: The Open University; 1993.

62.

Bernard HR, Killworth P, Kronenfield D, Sailer L. The problem of informant accuracy: the validity of retrospective data. Annu Rev Anthropol. 1984; 13: 495–517.

63.

Freeman LC, Romney AK, Freeman SC. Cognitive structure and informant accuracy. Am Anthropol.
1987; 89(2): 310–325.

64.

Parkin AJ. Memory phenomena, experiment and theory. UK: Blackwell Publishers;1995.

65.

van Densen WLT. On the perception of time trends in resource outcome. Its importance in fisheries
co-management, agriculture and whaling. PhD thesis. Enschede, the Netherlands: Twente University;
2001.

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

20 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

66.

Cinner JE, McClanahan TR, Daw TM, Graham NAJ, Maina J, Wilson SK, Hughes TP. Linking social
and ecological systems to sustain coral reef fisheries. Curr Biol. 2009; 19: 206–212. doi: 10.1016/j.
cub.2008.11.055 PMID: 19211057

67.

Daw TM, Cinner JE, McClanahan TR, Brown K, Stead SM, Graham NAJ, et al. To Fish or Not to Fish:
Factors at Multiple Scales Affecting Artisanal Fishers' Readiness to Exit a Declining Fishery. PLoS
ONE. 2012; 7(2): e31460. doi: 10.1371/journal.pone.0031460 PMID: 22348090

68.

Zuur AF, Saveliev AA, Ieno EN. Zero Inflated Models and Generalized Linear Mixed Models with R.
Newburgh, UK: Highland Statistics Ltd; 2012.

69.

Moscatelli A, Mezzetti M, Lacquaniti F. Modeling psychophysical data at the population-level: The
generalized linear mixed model. J Vis. 2012; 12(11):26. doi: 10.1167/12.11.26 PMID: 23104819

70.

Zuur AF, Ieno EN, Smith GM. Analysing ecological data. Springer Science + Business Media; 2007.
672p.

71.

Oksanen J, Blanchet FG, Kindt R, Pierre L, Peter R. Minchin RB, et al. Community Ecology Package.
R package version 2.2–0. 2014. Available: http://CRAN.R-project.org/package=vegan. Accessed 15
January 2016.

72.

Venables WN and Ripley BD. Modern Applied Statistics with S. Fourth Edition. New York: Springer;
2002.

73.

Pinheiro J, Bates D, DebRoy S, Sarkar D, R Core Team. nlme: Linear and Nonlinear Mixed Effects
Models. R package version 3.1–118. 2014. Available: http://CRAN.R-project.org/package=nlme.
Accessed 14 November 2014.

74.

Fournier DA, Skaug HJ, Ancheta J, Ianelli J, Magnusson A, Maunder M, et al. AD Model Builder:
using automatic differentiation for statistical inference of highly parameterized complex nonlinear
models. _Optim.Methods Softw._, *27*; 2012.

75.

Skaug H, Fournier D, Bolker B, Magnusson A, Nielsen A. Generalized Linear Mixed Models using AD
Model Builder. R package version 0.8.0; 2014.

76.

R Core Team. R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria; 2014. Available: http://www.R-project.org/. Accessed 18 November
2014.

77.

Wickham H. ggplot2: elegant graphics for data analysis. New York: Springer; 2009.

78.

Bellwood DR, Hoey AS, Choat JH. Limited functional redundancy in high diversity systems: resilience
and ecosystem function on coral reefs. Ecol Lett. 2003; 6: 281–285.

79.

Bellwood DR, Hoey AS, Hughes TP. Human activity selectively impacts the ecosystem roles of parrotfishes on coral reefs. Proc R Soc Biol Sci. 2011. doi: 10.1098/rspb.2011.1906

80.

IUCN. World Conservation Union IUCN Red List; 2015. Available: www.iucnredlist.org. Accessed 18
January 2016.

81.

Sadovy Y, Donaldson TJ, Graham TR, McGilvray F, Muldoon GJ, Phillips MJ, et al. While stocks last:
the live reef foodfish trade. Philippines: Asian Development Bank; 2003.

82.

Lau PPF and Parry-Jones R. The Hong Kong trade in live reef fish for food. Hong Kong: TRAFFIC
East Asia and WWF Hong Kong; 1999.

83.

Sadovy De Mitcheson YS, Craig MT, Bertoncini AT, Carpenter KC, Cheung WL, Choat JH, et al. Fishing groupers towards extinction: global assessment of threats and extinction risks in a billion dollar
fishery. Fish and Fisheries. 2013; 14: 119–136.

84.

Shuk Man C and Chuen NW. Epinephelus lanceolatus. The IUCN Red List of Threatened Species.
Version 2015.2. Available: www.iucnredlist.org. 2006. Accessed 24 July 2015.

85.

Russell B. Cheilinus undulatus. The IUCN Red List of Threatened Species 2004. Available:10.2305/
IUCN.UK.2004.RLTS.T4592A11023949.en. 2004. Accessed on 10 February 2016.

86.

Herdson D, Robertson R, Smith-Vaniz B. Alectis ciliaris. The IUCN Red List of Threatened Species
2010. Available: 10.2305/IUCN.UK.2010-4.RLTS.T155014A4696428.en. 2010. Accessed on 10 February 2016.

87.

Department of Environment and Natural Resources Region IVb, Mindoro Biodiversity Conservation
Foundation, Inc. Naujan Lake National Park Management Plan 2014–2024; 2014.

88.

Daw TM, Robinson J, Graham NAJ. Perceptions of trends in Seychelles artisanal trap fisheries: comparing catch monitoring, underwater visual census and fishers' knowledge. Environ Conserv. 2011;
38: 75–88.

89.

Papworth SK, Rist J, Coad L, Milner-Gulland EJ. Evidence for shifting baseline syndrome in conservation. Conserv Lett. 2009; 2: 93–100.

90.

Maunder MN, Punt AE. Standardizing catch and effort data: a review of recent approaches. Fish Res.
2004; 70:141–159.

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

21 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

91.

Jennings S, Reynolds JD, Mills SC. Life history correlates of responses to fisheries exploitation. Proc
R Soc Lond. 1998; 265: 333–339.

92.

Dulvy NK, Ellis JR, Goodwin NB, Grant A, Reynolds JD, Jennings S. Methods of assessing extinction
risk in marine fishes. Fish and Fisheries. 2004; 5: 255–276.

93.

Adams PB. Life history patterns in marine fishes and their consequences for management. Fish Bull.
1980; 78: 1–12.

94.

Roff DA. The evolution of life history parameters in teleosts. Can J Fish Aquat Sci. 1984; 41: 989–
1000.

95.

Russ GR, Alcala AC. Natural fishing experiments in marine reserves 1983–1993:roles of life history
and fishing intensity in family responses. Coral Reefs. 1998; 17: 399–416.

96.

Denney NH, Jennings S, Reynolds JD. Life-history correlates of maximum Population growth rates in
marine fishes. Proc R Soc Lond. 2002; 269: 2229–2237.

97.

Taylor BM, Houk P, Russ GR. Life histories predict vulnerability to overexploitation in parrotfishes.
Coral Reefs. 2014; 33: 869–878.

98.

Myers RA, Mertz G, Powlow PS Maximum population growth rates and recovery times for Atlantic
cod, Gadus morhua. Fish Bull. 1997; 95: 762–772.

99.

Choat JH, Robertson DR. Age-based studies. In: Sale PF, editor. Coral reef fishes: dynamics and
diversity in a complex ecosystem. Amsterdam: Academic Press; 2005. pp. 57–80.

100.

Russ GR. Coral reef fisheries effects and yields. In: Sale PF, editor. The ecology of fishes on coral
reefs. San Diego: Academic Press; 1991. pp 601–635.

101.

Jennings S, Lock JM. Population and ecosystem effects of reef fishing. In Polunin NVC, Roberts CM,
editors. Reef Fisheries. London: Chapman Hall; 1996. pp 193–218.

102.

McClenachan L, Ferretti F, Baum JK. From archives to conservation: why historical data are needed
to set baselines for marine animals and ecosystems. Conserv Lett. 2012; 5(5):349–59.

103.

Chan T, Sadovy Y, Donaldson TJ. Bolbometopon muricatum. The IUCN Red List of Threatened Species 2012. 2012. Available: 10.2305/IUCN.UK.2012. Accessed 10 February 2016.

104.

Green SJ, Alexander RD, Gulayan AM, Migrinio CC III, Jarantilla-Paler J, Courtney CA. Bohol island:
its coastal environment profile. Cebu City, Philippines: Bohol Environment Management Office,
Bohol and Coastal Resource Management Project; 2002. 174pp.

105.

Ramos MH, Candelario MB, Mendoza EM, Gonzales FL. The Honda Bay Fisheries: An Assessment.
BFAR NFRDI Technical Paper Series; 2009: 12 (2).

106.

Bacalso RT, Juario JV, Armada NB. Fishers' choice of alternative management scenarios: A case
study in the Danajon Bank, Central Philippines. Ocean Coast Manage. 2013; 84:40–53.

107.

Russell DJ, McDougall AJ. Movement and juvenile recruitment of mangrove jack, Lutjanus argentimaculatus (Forsskal) in northern Australia. Mar Freshw Res. 2005; 56: 465–475.

108.

Zagars M, Ikejima K, Arai N, Mitamuraa H, Ichikawa K, Yokota T, et al. Migration patterns of juvenile
Lutjanus argentimaculatus in a mangrove estuary in Trang Province, Thailand, as revealed by ultrasonic telemetry. Environ Biol Fish. 2012; 94: 377–388.

109.

Armada N, White A, Christie P. Managing Fisheries Resources in Danajon Bank, Bohol, Philippines:
An Ecosystem-Based Approach. Coast Manage. 2009; 37: 308–330.

110.

Branch TA, Lob AS, Purcell SW. Opportunistic exploitation: an overlooked pathway to extinction.
Trends Ecol Evol. 2013; 28(7): 409–413. doi: 10.1016/j.tree.2013.03.003 PMID: 23562732

111.

Schmitt KM and Kramer DB. Road development and market access on Nicaragua’s Atlantic coast:
implications for household fishing and farming practices. Environ Conserv. 2010; 36:289–300.

112.

Gaston KJ and Fuller RA. Commonness, population depletion and conservation biology. Trends Ecol
Evol. 2007; 23(1): 14–19. PMID: 18037531

113.

Gaston KJ. Valuing common species. Science. 2010; 327: 154p.

114.

Lindenmayer DB, Wood JT, McBurney L, MacGregor C, Youngentob K, Banks SC. How to make a
common species rare: A case against conservation complacency. Biol Conserv. 2011; 144: 1663–
1672.

115.

Mumby P. Stratifying herbivore fisheries by habitat to avoid ecosystem overfishing of coral reefs. Fish
and Fisheries. 2016; 17: 266–278.

116.

Graham NAJ, Wilson SK, Jennings S, Polunin NVC, Bijoux JP, Robinson J. Dynamic fragility of oceanic coral reef ecosystems. Proc Natl Acad Sci USA. 2006; 103: 8425–8429. PMID: 16709673

117.

Mumby PJ, Dahlgren CP, Harborne AR, Kappel CV, Fiorenza M, Brumbaugh DR, et al. Fishing, trophic cascades, and the process of grazing on coral reefs. Science. 2006; 311: 98–101. PMID:
16400152

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

22 / 23

Philippine Coral-Reef Fishes Local Extinctions Inferred from Fishers' Knowledge

118.

Burkepile DE and Hay ME. Herbivore species richness and feeding complementarity affect community structure and function on a coral reef. Proc Natl Acad Sci USA. 2008; 105: 16201–16206. doi: 10.
1073/pnas.0801946105 PMID: 18845686

119.

Hay ME. Patterns of fish and urchin grazing on Carribbean coral reefs: are previous results typical?
Ecology. 1984; 65: 446–454.

120.

Adam TC, Schmitt RJ, Holbrook SJ, Brooks AJ, Edmunds PJ, Carpenter RC, et al. Herbivory, connectivity and ecosystem resilience: response of a coral reef to a large scale perturbation. PLoS ONE.
2011; 6, e23717. doi: 10.1371/journal.pone.0023717 PMID: 21901131

121.

Hughes TP, Linares C, Dakos V, van de Leemput IA, van Nes EH. Living dangerously on borrowed
time during slow, unrecognized regime shifts. Trends Ecol Evol. 2012; 28(3): 149–155. doi: 10.1016/j.
tree.2012.08.022 PMID: 22995893

122.

World Bank. Population Estimates and Projections. 2015. Available: www.data.worldbank.org.
Accessed 10 February 2016.

123.

Jennings S and Polunin NVC. Impacts of fishing on tropical reef ecosystems. Ambio. 1996; 25: 44–
49.

124.

Jennings S and Kaiser MJ. The effects of fishing on marine ecosystems. Adv Mar Biol. 1998; 34:
201–352.

125.

Licuanan WY and Gomez ED. Philippine coral reefs, reef fishes and associated fisheries: status and
recommendations to improve their management. In: Wilkinson C, editors. Global Coral Reef Monitoring Network. Australia: Australian Institute of Marine Science; 2000.

126.

Pimm SL, Raven P, Peterson A, Şekercioğlu CH and Ehrlich PR. Human impacts on the rates of
recent, present, and future bird extinctions. Proc Natl Acad Sci USA. 2006; 103, 10941–10946. doi:
10.1073/pnas.0604181103; PMID: 16829570.

127.

Costello MJ, May RM, Stork NE. Can we name Earth’s species before they go extinct? Science. 2013;
339, 413–416. doi: 10.1126/science.1230318; PMID: 23349283.

128.

Pimm SL, Jenkin CN, Abell R, Brooks TM, Gittleman JL, Joppa LN, et al. The biodiversity of species,
their rates of extinction, distribution and protection. Science. 2014; 344. doi: 10.1126/science.
1246752

129.

Mora C, Tittensor DP, Adl S, Simpson AGB, Worm B. How many species are there on Earth and in the
ocean? PLoS Biol. 2011; PMID: 21886479.

130.

Bunce M, Rodwell LD, Gibb R, Mee L. Shifting baselines in fishers’ perceptions of island reef fishery
degradation. Ocean Coast Manage. 2008; 51: 285–302.

131.

Venkatachalam AJ, Price ARG, Chandrasekara S, Sellamuttu SS, Kaler J. Changes in frigate tuna
populations on the south coast of Sri Lanka: evidence of the shifting baseline syndrome from analysis
of fisher observations. Aquat Conserv. 2010; 20: 167–176.

132.

Bender MG, Floeter SR, Hanazaki N. Do traditional fishers recongnise reef fish species declines?
Shifting environmental baselines in Eastern Brazil. Fish Manage Ecol. 2013; 20: 58–67.

133.

Baum JK, Myers RA, Kehler DG, et al. Collapse and conservation of shark populations in the Northwest Atlantic. Science. 2003; 299: 389–392. PMID: 12532016

134.

Baum JK and Myers RA. Shifting baselines and the decline of pelagic sharks in the Gulf of Mexico.
Ecol Lett. 2004; 7: 135–145.

135.

Baum JK and Blanchard W. Inferring shark population trends from generalized linear mixed models of
pelagic longline catch and effort data. Fish Res. 2010; 102: 229–239.

PLOS ONE | DOI:10.1371/journal.pone.0155752 May 18, 2016

23 / 23

