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Abstract Community-based fisheries management that

integrates local knowledge and existing user rights is often

seen as a solution to the failures of top-down fisheries

management in the Pacific. In Roviana Lagoon, Western

Solomon Islands, a network of community-based marine

protected areas (MPAs) was established in the early 2000s

to conserve declining populations of bumphead parrotfish

(Bolbometopon muricatum) and other locally valuable fish

species such as humphead wrasse (Cheilinus undulatus).

We aimed to evaluate the success of these protected areas

at preventing declines of B. muricatum and C. undulatus.

We conducted 27 underwater visual census (UVC) surveys

at permanent passage and outer reef monitoring sites in

Roviana Lagoon in 2018 and compared our findings with

results from 72 UVC surveys that we had conducted at the

same sites 18 yrs earlier. We also interviewed Roviana

spearfishers about their maximum nightly B. muricatum

catches from 2018, the early 2000s and the 1980s. Abun-

dances of all B. muricatum and C. undulatus sighted on

UVC surveys declined by 62% and 57%, respectively,

between 2000 and 2018, and abundances of adult B.

muricatum and C. undulatus declined by 78% and 72%,

respectively, over the same period. Using a joint model of

B. muricatum abundance and its reported maximum catch,

we estimated that in 2018 the population of B. muricatum

was 8% of its 1980’s abundance. By modelling projected

rates of decline over three generations, we show that

populations of B. muricatum and C. undulatus in Roviana

Lagoon meet the IUCN Red List thresholds for Critically

Endangered (CR). The probable causes of these declines

are sustained fishing pressure, poor enforcement of com-

munity-based management measures and loss of fish

nursery habitats due to logging. Our findings suggest

urgent co-management of the ridge-to-reef system is nee-

ded to prevent further fish population declines in Roviana

Lagoon.
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Introduction

The bumphead parrotfish (Bolbometopon muricatum) and

the humphead wrasse (Cheilinus undulatus) are two of the

largest bony fishes found on Indo-Pacific coral reefs. Both

species are scarine labrids (Westneat and Alfaro 2005) that

begin to mature at the age of 6 yrs and grow to over 1 m in

length (Choat et al. 2006; Taylor et al. 2018). On many
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lightly to moderately exploited reefs B. muricatum and C.

undulatus form important components of subsistence and

small-scale commercial fisheries (e.g. Hamilton et al.

2012a; Rhodes et al. 2018). However, there is widespread

concern over the status of both species (Fenner 2014), with

population declines reported across their ranges (Sadovy

et al. 2003; Bellwood et al. 2003; Donaldson and Dulvy

2004; Dulvy and Polunin 2004; Hamilton and Choat 2012).

These declines have been attributed to commercial fishing

pressure to supply local, national and international markets

(Sadovy et al. 2003; Hamilton and Choat 2012) and the loss

of inshore recruitment habitat (Hamilton et al. 2017). The

predictable nocturnal aggregating behaviour of B. muri-

catum makes this species vulnerable to night spearfishing

(Hamilton et al. 2016), with C. undulatus susceptible to a

range of fishing gears including hook and line, spearfishing

and traps (Colin and de Mitcheson 2012; Lindfield et al.

2014). C. undulatus is also a prime target of the live-reef

food-fish trade (LRFFT) (Sadovy et al. 2003).

Once overfished both species have low recovery

potential due to life-history traits that include late matu-

ration and long-life span (Choat et al. 2006; Andrews et al.

2015; Taylor et al. 2018). B. muricatum is listed as Vul-

nerable (VU) and C. undulatus is listed as Endangered

(EN) on the International Union for Conservation of Nature

(IUCN) Red List of Threatened Species (Russell 2004;

Chan et al. 2012). C. undulatus is also listed in Appendix II

of the Convention on International Trade in Endangered

Species of Wild Fauna and Flora (CITES) (Vincent et al.

2014). Despite these listings, there remains a scarcity of

long-term empirical data upon which temporal trends in B.

muricatum and C. undulatus populations can be examined.

This data gap hinders evaluating the effectiveness of local

management actions and the status of these fish species on

the IUCN Red List. Typically, population declines in these

species have been inferred from spatial comparisons or

local knowledge surveys. For example, Sadovy et al.

(2003) collected abundance data of C. undulatus across its

geographic range and found a tenfold decreases in C.

undulatus in fished areas compared to unfished areas.

While Lavides et al. (2016) used local knowledge surveys

to conclude that the mean perceived biomass of B. muri-

catum and C. undulatus declined by 82% and 88%,

respectively, between the 1950s and 2014 in five regions of

the Philippines.

Here we report on changes in abundance of B. murica-

tum and C. undulatus over 18 yrs from surveys in Roviana

Lagoon, Western Province, Solomon Islands. Roviana

fishers developed traditional fishing methods and detailed

local knowledge about B. muricatum (known as ‘‘Topa’’ in

the local language) and C. undulatus (‘‘Habili’’) genera-

tions ago (Aswani 1997; Hamilton 2003), and both species

remain highly valued in contemporary Roviana culture. In

the early 1980s, a commercial night spear fishery for B.

muricatum developed in Roviana Lagoon (Hamilton 2003),

and in the mid-1990s C. undulatus were targeted to supply

LRFFT operations (Johannes and Lam 1999). The eco-

logical impacts of the commercial B. muricatum fishery

that operated from 1980 to 2000 have been inferred from

local knowledge surveys (Hamilton 2003, 2005). In the

early 1980s night spearfishers reported very high catches of

B. muricatum, with catch rates having declined rapidly by

2000 (Hamilton 2005). Concern over the perceived decli-

nes in commercially valuable fish stocks in Roviana

Lagoon resulted in efforts to manage the lagoon’s fisheries

through the establishment of a network of small commu-

nity-based marine protected areas (MPAs) (e.g. Aswani

and Hamilton 2004a, b; Weiant and Aswani 2006; Aswani

et al. 2007).

One of the primary objectives of establishing this net-

work of MPAs was to conserve populations of B. muri-

catum in Roviana Lagoon (Olds et al. 2014). Despite these

efforts, some Roviana fishers and scientists are of the view

that valuable finfish resources in Roviana Lagoon are

continuing to decline (Hughes, personal communications,

2018; Ensor et al. 2018). To evaluate these perceptions, we

conducted underwater visual census (UVC) and local

knowledge surveys in Roviana Lagoon in 2018 and com-

pared our findings with UVC and local knowledge surveys

that we had conducted in Roviana Lagoon 18 yrs earlier.

We developed Bayesian generalised linear mixed models

(GLMMs) to assess the changes in the abundance and size

structure of B. muricatum and C. undulatus that were

sighted at permanent UVC sites during these two distinct

time periods. For B. muricatum, we also developed a joint

model that integrated UVC and local knowledge and

allowed us to estimate change in abundance since the

1980s. We apply the model to project declines in adult

populations over three generations, allowing us to assess

declines relative to IUCN Red List Criteria A for popula-

tion decline (past, present and/or projected).

Methods

Local knowledge surveys

In 2000 we conducted detailed interviews with fifteen

active and six retired B. muricatum spearfishermen. These

interviews were undertaken to document local knowledge

on B. muricatum ecology and to build a picture of tech-

nological, ecological and economic changes that had

occurred in this fishery since the 1940s (Hamilton 2005).

Interviews were carried out with spearfishermen from the

communities of Dunde, Nusa Roviana, Nusabanga, Sasa-

vele, Baraulu, Bula Lavata and Nusa Hope in Roviana
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Lagoon. These interviews revealed that large catches

commenced in the 1980s, which coincided with the intro-

duction of underwater flashlights and the establishment of

fisheries centres at the provincial headquarters of Munda.

The interview questions that were asked to night

spearfishermen in 2000 that are relevant to this study were:

Question 1: ‘‘What was the most Topa you ever caught in a

single night when you first started spearfishing?’’ and

Question 2: ‘‘What is the most Topa you have caught in a

single night in the last 2 yrs?’’. In 2018 we discussed the

purpose of this study with eight active night spearfishers

from the communities of Dunde, Nusabanga, Sasavele and

Nusa Hope and asked them Question 2. We focused on

questions that relate to maximum catch since memory that

is related to self-esteem can be positively biased (Thomp-

son et al. 1996), hence maximum catches may be more

memorable than ‘‘average’’ catches (Hamilton et al.

2012b). In both time periods, the only fishers in Roviana

Lagoon that targeted B. muricatum were night spearfish-

ermen. Interviewees were selected based on authors’ prior

knowledge of night spearfishermen and through peer rec-

ommendation (Davis and Wagner 2003).

UVC surveys

We conducted repeated underwater visual census (UVC)

surveys at four permanent monitoring sites located in

passage and outer reef environments in Roviana Lagoon

during daylight hours (Fig. 1). Sites were randomly

selected to reflect typical passage and outer reef environ-

ments, which is where subadults and adults of both species

are found (Hamilton et al. 2016). UVC surveys were done

by two SCUBA divers and consisted of 500-m-long swims

along passage and outer reef slopes at a depth of 10 m.

UVC surveys took approximately 20 min. Initially the

exact length of the transects was determined by laying out a

50-m transect ten times, with GPS readings taken at the

transect start points. On each survey one diver recorded the

size of each B. muricatum and C. undulatus observed

within a 20-m-wide band, 10 m either side of the diver.

Hence each UVC survey covered one hectare of reef. Long

UVC surveys were used since this is the most suit-

able method for surveying populations of naturally rare

species such as B. muricatum and C. undulatus (Choat and

Pears 2003). The permanent UVC sites were surveyed 72

times between October 2000 and June 2001 on new and

full moon phases, and 27 times between March and

October 2018 on new, full and last quarter lunar phases
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Fig. 1 Location of the four permanent UVC sites. Sites 1 and 2 are located on outer reef slopes, and sites 3 and 4 are located in passage slopes.

The location of Munda township is also shown
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(Electronic supplementary material, Table S1, Table S2

and Table S3).

Statistical analysis

Change in abundance

We developed two Bayesian GLMMs for change in

abundance between the UVC surveys in the 2000s to the

surveys in 2018. The first model was applied to UVC

counts for B. muricatum and C. undulatus. This model used

a log link with a Poisson distribution for C. undulatus

counts and a negative binomial distribution for B. muri-

catum counts. The choice of distributions was made on the

basis of exploratory analysis that suggested counts were

overdispersed relative to a Poisson for B. muricatum but

not C. undulatus. The log link meant that change in

abundance over the 18-yr time period was modelled as a

multiplicative (exponential) change. We included an

additive random effect for sites.

We did not include an effect of lunar period, because it

has previously been shown not to affect abundance counts

in UVC analysis (Hamilton 2005). We repeated that anal-

ysis here using Bayesian methodology once again finding

that moon phase had no impact on abundance (Electronic

supplementary material, Table S4).

The model for abundance was thus specified:

ln yi;j;t
� �

� Poisson lj;t
� �

lj;t ¼ an þ bnxt þ sj

where yi;j;t are the UVC counts for survey i at site j at time

period t, lj;t is the linear predictor for the Poisson (or

negative binomial for B. muricatum) distribution, an is the

intercept, bn is the log magnitude of decline, xt is an

indicator for 2000s (= 0) or 2018 (= 1) and sj are the site

random effects.

The second model was applied only to the data for B.

muricatum, for which we had information on historical

maximum nightly catch rates. We aimed to estimate the

magnitude of the bias between maximum catch and UVC

abundance based on the 2000 and 2018 data. We then used

the estimated bias to correct the 1980s maximum catch

data and infer on what UVC abundances would have been

in the 1980s. We assumed that UVC abundance measures

were an unbiased sample of population density, whereas

maximum catch was a biased measure. We treated maxi-

mum catch as biased because we expected catch records to

be hyper-stable relative to abundance (Hamilton et al.

2016).

We jointly modelled changes in abundance in the UVC

and changes in historical catch rates to estimate the

relationship between catch rates and UVC abundance. We

modelled maximum catch as Poisson distributed:

ci � Poisson mið Þ
mi ¼ ac þ bcxi þ bdhzi

where ac is the expectation for catch in 2000s (logged), bc
is the difference in logged mean catch from the 2000s to

2018 and bdh is the difference in logged mean catch from

2000s to 1980s. xi and zi are indicator variables for the time

period of the observation.

To link maximum catch to UVC abundance we further

required that the difference in logged maximum catch was

the sum of the difference in UVC abundance and a bias

correction factor:

bc ¼ bn þ bm

where bm had a weakly informative normal prior

(mean = 0, sd = 3). Thus bm represents a multiplicative

correction factor for the difference between the UVC

change in density (bnÞ and the change in density as esti-

mated by maximum catch.

We then estimated the change in maximum catch from

2000s to 1980s as:

bdh ¼ bm � 15
18

� �
þ bh

So the change in maximum catch was calculated as the

sum of bm (with a correction factor = 15/18 for the dif-

ference in time-scale of 15 yrs from mid-1980s to 2000)

and the latent variable bh which represents the theoretical

change in UVC counts between the 1980s and 2000s. bh
had the same prior as bn. Thus, from bh we could directly

calculate the expected change in UVC abundance since the

1980s.

We calculate % change as 100—A2018/A2000 where

A2018 was estimated abundance in 2018, with 89% cred-

ible intervals (89% was chosen consistent with advice from

McElreath 2016). Prior choice for both models followed

standard practice for Bayesian GLMMs. We used a weakly

informative normal prior (mean = 0, sd = 10) for change in

abundance, a broad normal (0, 100) for the intercept, a

weakly informative exponential prior (rate = 1) for the

variance of the random effect and a Cauchy prior (0, 2) for

the negative binomial scale parameter. The weakly infor-

mative priors were chosen to avoid over-fitting and will

shrink the model’s predictions towards no change if the

data are not informative. We used the Stan program (Stan

Development Team 2018) for estimation with 5000 sam-

ples from 3 chains for each model and confirmed conver-

gence diagnostics reached appropriate values for all

parameter estimates.
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Changes in size and maturity

We used a Bayesian mixed effects model to estimate

changes in size of surveyed fish for B. muricatum and C.

undulatus over 2000–2018. We modelled the data with a

log-normal distribution (and assumption checks confirmed

this assumption was adequate). We included a fixed effect

for time period and additive random effect for surveys and

sites. Model fitting, priors and intervals were calculated as

above for abundances. We also estimated the change in the

proportion of individuals presumed to be mature, where

mature fish were taken to be individuals over 650 mm and

550 mm for B. muricatum and C. undulatus, respectively

(Choat et al. 2006; Hamilton et al. 2008; Taylor et al.

2018). We then generated posterior predictive estimates of

fish sizes and calculated the probability that size was above

the maturity thresholds in each time period.

IUCN thresholds

To evaluate the status of B. muricatum and C. undulatus

populations in Roviana Lagoon relative to their current

IUCN Red List categories, we modelled the projected rates

of decline for each species over three generations. Fol-

lowing IUCN Red List criteria, only adult populations were

considered (IUCN Standards and Petitions Subcommittee

2017). For B. muricatum, we estimated two different gen-

eration times using established IUCN methods. First, we

calculated a generation time of 13 yrs by determining the

mean age of 166 adult male and female B. muricatum

([ 650 mm) that had been sampled and aged from the

lightly exploited region of Kia, Isabel Province, Solomon

Islands (Taylor et al. 2018). Secondly, we calculated a

generation time of 8 yrs based on age at 50% sexual

maturity for B. muricatum (Hamilton et al. 2008; Taylor

et al. 2018). This second method is likely to underestimate

generation time in long-lived species such as B. muricatum

and C. undulatus, but provides a useful proxy of the lower

estimate of generation time. There is limited demographic

data for C. undulatus populations in Solomon Islands, so

we used the B. muricatum generation times of 8 and 13 yrs

as proxies (IUCN Standards and Petitions Subcommittee

2017) and considered any C. undulatus over 550 mm to

represent an adult (Choat et al. 2006). These upper and

lower proxies for C. undulatus generation times seem

reasonable as the current estimate for C. undulatus gener-

ation time on the IUCN Red list is approximately 10 yrs

(Russell 2004) and B. muricatum and C. undulatus are both

scarine labrids that obtain similar maximum size and ages

(Andrews et al. 2015).

We used the same Bayesian GLMMs as above to esti-

mate changes in adult abundance, assuming a Poisson

distribution for adult UVC counts. We then projected

declines over three generations from the early 2000s

onwards, where generation time equalled 13 yrs (i.e. from

2000 to 2039) and 8 yrs (i.e. from 2000 to 2024). Given

that the threats to these populations in Roviana Lagoon are

ongoing, we assumed that future rates of decline would

mirror the rates of decline observed between 2000 and

2018.

Results

Local knowledge

The commercialisation of the night spear fishery for B.

muricatum in the 1980s initially enabled extraordinarily

high catches, as one of our interviews with a Roviana spear

fishermen demonstrates:

‘‘I remember a spear fishing trip in 1985, not long

after I had learned to use fins, when we were asked to

spear Topa for an upcoming wedding. I wanted to go

and spear Topa out at Isuna (outer Munda reefs) but

no one would come with me as they were too scared

of the big sharks, so I went by myself. My small boy

minded the canoe, and I speared 74 big Topa that

night. I could have speared many more, but our canoe

began to sink from the weight of all the Topa’’

(Hamilton 2005, p 66).

Reported maximum catches had declined notably by 2000,

with many spearfishermen turning their attention to juve-

nile B. muricatum populations within the inner lagoon as

adult populations on the outer reefs and passage environ-

ments were fished out (Hamilton 2005). By 2018 maximum

catch rates were even lower, with three of the eight

spearfishers interviewed in 2018 reporting that they had not

speared any B. muricatum in the past 2 yrs (Table 1).

Change in abundance

Analysis of all UVC data (juveniles and adults) indicated

that B muricatum abundance in 2018 was 62% lower than

in the 2000s (47–72%, 89% CIs), and C. undulatus abun-

dance in 2018 was 57% lower than in the 2000s (43–68%,

89% CIs). From our model that incorporated maximum

nightly catch rates, we estimated that B. muricatum abun-

dance in 2018 was 8% of its likely abundance in the 1980s

(Fig. 2). The probability of this observed decline in B.

muricatum being [ 50% or [ 30% was 0.91 and 1,

respectively. The probability of this observed decline in C.

undulatus being [ 50% or [ 30% was 0.79 and 1,

respectively. Both species had zero probabilities of a

population increase. When analysis of the UVC data was

limited to adults, adult B muricatum abundance in 2018

Coral Reefs (2019) 38:455–465 459
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was 78% (64–88%, 89% CIs) lower than in the 2000s, and

adult C. undulatus abundance in 2018 was 72% (41–89%,

89% CIs) lower than in the 2000s.

Change in size and maturity

Bayesian GLMMs revealed that between the 2000s and

2018 the mean total length of B. muricatum dropped from

716 mm to 563 mm (multiples of 0.73, 0.79, 0.85 median

and 89% CIs), whereas the mean total length of C. undu-

latus dropped from 746 to 468 mm (multiples of 0.54, 0.62,

0.72 median and 89% CIs) (Fig. 3). Over the same time the

probability that B. muricatum individuals were mature fell

from 0.28 to 0.08, and the probability that C. undulatus

individuals were mature fell from 0.44 to 0.1.

IUCN thresholds

The projected decline assuming a generation time of 8 yrs

gave probabilities of B. muricatum adult populations in

Roviana Lagoon declining by[ 80% or[ 50% over three

generations of 0.84 and 0.99, respectively. When a gener-

ation time of 13 yrs was used, the probabilities of B.

muricatum adult populations in Roviana Lagoon declining

by[ 80% or[ 50% over three generations were 0.99 and

1, respectively, (89% CI) (Fig. 4). When a generation time

of 8 yrs was used for C. undulatus, the probabilities of C.
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Fig. 2 UVC abundance estimates for a all B. muricatum and b all C. undulatus. Points show median estimate and error bars with 89% credible

intervals. Note that y-axis scale varies between plots

Table 1 Maximum nightly

catches of B. muricatum by time

period

Reported maximum catches 1980s (n = 7) 2000 (n = 15) 2018 (n = 8)

74a 15a 17

60 16 12

50b 10b 4b

50 14 2

50 11 2

40 10 1

30 10 0

10 0

9 0

8

8

7

6

5

5

Mean maximum catch 50.6 9.6 4.8

aIndividual spear fisherman’s maximum catches in 1980s and 2000
bIndividual spear fisherman’s maximum catches in 1980s, 2000 and 2018
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undulatus adult populations in Roviana Lagoon declining

by[ 80% or[ 50% over three generations were 0.57 and

0.95, respectively. When a generation time of 13 yrs was

used, the probabilities of C. undulatus adult populations in

Roviana Lagoon declining by[ 80% or[ 50% over three

generations were 0.87 and 0.98, respectively (Fig. 4).

Discussion

Over the past two decades Roviana communities, aca-

demics and non-government organisations have invested a

significant amount of time and resources into improving

the management of valuable fish stocks in Roviana Lagoon

(e.g. Aswani and Hamilton 2004a, b; Aswani et al. 2007;

Hamilton et al. 2012a). Reports on these community-based

initiatives have described a mix of successes and failures

(e.g. Aswani and Sabetian 2010; Halpern et al. 2013; Olds

et al. 2014; Aswani et al. 2015, 2017). We found that these

management efforts have been unsuccessful in conserving

two of the largest and most culturally significant fishes in

Roviana Lagoon. Adult populations of B. muricatum and

C. undulatus in Roviana Lagoon declined by 78% and

72%, respectively, between 2000 and 2018, with these

reductions in abundance accompanied by significant

declines in the mean total length of each species. Our joint

model that incorporated local knowledge and UVC data

also indicated that by 2018 the population of B. muricatum

in Roviana Lagoon had been reduced to 8% of its 1980’s

abundance, a level that indicates fishery collapse by stan-

dard measures (e.g. Pauly et al. 2013).

In Roviana Lagoon we estimated that over three gen-

erations the declines in adult B. muricatum and C. undu-

latus populations will be greater than 80%, which indicates
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that if the populations of B. muricatum and C. undulatus in

Roviana Lagoon are considered in isolation, they would

both meet the IUCN Red List criteria for Critically

Endangered (CR). While it is unlikely that the trends

observed in Roviana Lagoon are representative of popu-

lation trends across both species’ entire geographical range

(IUCN 2012), it is plausible that they are indicative of what

is occurring across much of the Pacific where targeted

fisheries exist for both species (Sadovy et al. 2003;

Hamilton and Choat 2012). Anecdotal accounts from

fishers in other Pacific countries certainly indicate this for

B. muricatum. For example, in February 2018 one of the

authors (RH) visited remote reefs to the north-west of Pere,

Manus Province, Papua New Guinea. He was travelling

with fishermen from the Pere community who stated that in

the 1990s they began to make the trip from Pere to these

reefs to spear fish at night, a round trip of over 60 km.

When asked if they caught many B. muricatum on these

reefs Pere fishermen’s response was: ‘‘Back in the 1990s

when the reef was good we would catch 20–30 adult B.

muricatum in a night. Now we rarely catch any’’. Anec-

dotal observations such as this highlight the value of doc-

umenting fisher’s local knowledge to infer recent

ecological changes, a methodology that is increasingly

used in countries throughout the Coral Triangle (Hamilton

et al. 2012b; Lavides et al. 2016; Larsen et al. 2018).

In Roviana Lagoon, the magnitude of decline in abun-

dances of B. muricatum and C. undulatus from the 2000s to

2018 was similar. This consistent decline across species

contrasts with a recent study on the lightly exploited Kia

fishing grounds in Isabel Province, where B. muricatum

populations declined in response to night spearfishing,

whereas C. undulatus populations did not (Pearse et al.

2018). A likely explanation for the difference between Kia

and Roviana is that Roviana spearfishers changed their

fishing practices as resources became scarcer. The pre-

dictable aggregating behaviour of B. muricatum coupled

with the relatively high abundances of B. muricatum in the

Kia fishing grounds enabled Kia spearfishers to routinely

obtain high catches through a method known as spot

checking (Hamilton et al. 2016). With spot checking,

spearfishers will spend 10–15 min snorkeling on the sur-

face at a known resting site searching for a school of B.

muricatum. If none are sighted, they will get back in their

boat and travel to another resting site and repeat this

practice. This spot checking method minimizes the amount

free-diving effort that is required, hence affording a degree

of protection to more nocturnally cryptic species such as C.

undulatus (Pearse et al. 2018). Declining catches of B.

muricatum in the Roviana night spear fishery would have

made this spot checking strategy increasingly unsuccessful,

forcing free-divers to adopt an intensive free-diving

strategy that increases the likelihood of capturing cryptic

species such as C. undulatus.

While the findings of this study cast doubt over the

suitability of community-based fisheries management for

B. muricatum and C. undulatus, it is worth highlighting that

the declines documented here appear to relate to a com-

bination of factors. Several of these factors cannot be

mitigated against through the establishment of small

community-based marine protected areas. One of the most

plausible reasons for the ongoing declines is commercial

logging. B. muricatum juveniles are restricted to shallow

lagoonal reefs that have a high proportion of live branching

corals, and these inshore nursery reefs also support very

high densities of juvenile C. undulatus (Hamilton et al.

2017). In the Kia region of Isabel Province, which is

located approximately 130 km north east of Roviana

Lagoon, sediment run off from logging operations dra-

matically reduced juvenile habitat and populations of

juvenile B. muricatum on inner lagoon reefs (Hamilton

et al. 2017; Brown and Hamilton 2018), with similar

magnitudes of decline observed for populations of juvenile

C. undulatus (Hamilton and Brown, unpublished data). The

watersheds on the New Georgia mainland that drain into

Roviana Lagoon have been heavily logged over the past

three decades, with corresponding declines in water quality

in the inner lagoon (Halpern et al. 2013). It is therefore

conceivable that the declining abundances of B. muricatum

and C. undulatus in passage and outer reef environments

reflect the flow on effects of reduced recruitment into the

Roviana fishery due to logging. Land conversion and cli-

mate-induced thermal stress is escalating the degradation

of nursery habitats on a global scale, impacting adult fish

populations and the livelihoods of fishers (McMahon et al.

2011; Zilio et al. 2013; Brown et al. 2019a, b; McClure

et al. 2019).

The inability of community-based MPAs to conserve

subadult and adult populations of B. muricatum and C.

undulatus in passage and outer reef environments in

Roviana Lagoon is also likely a function of MPA sizes and

their placement. MPAs should cover 5–10 km of linear reef

to effectively conserve B. muricatum and C. undulatus

populations (Green et al. 2015), but MPAs in Roviana

Lagoon are much smaller than this (Aswani and Hamilton

2004b; Olds et al. 2014), and predominantly located in

lagoon environments. Indeed, the establishment of small

MPAs is the norm throughout the Coral Triangle (Govan

et al. 2009; Mills et al. 2010; Weeks et al. 2010). While

small lagoonal MPAs in Roviana Lagoon may provide

some protection for B. muricatum and C. undulatus during

their first years of life (Olds et al. 2014), ontogenetic

migration out of nursery MPAs has clearly not been suf-

ficient to halt ongoing declines in subadult and adult pop-

ulations in Roviana Lagoon. Poor compliance with
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fisheries regulations within many of the MPAs in Roviana

Lagoon (Halpern et al. 2013; Aswani et al. 2017), and

sustained fishing pressure across the entire lagoon system is

also likely to be hindering population recovery.

While community-based fisheries management strate-

gies have proven successful in some instances (Cinner et al.

2005; Hamilton et al. 2011; Cohen and Alexander 2013:

Albert et al. 2014; Aswani et al. 2015), this study adds to

earlier research that has demonstrated that this is by no

means always the case (e.g. Foale 1998; Foale et al. 2011;

Jupiter 2017). It is also worth considering that success may

often be time bound, with interest and compliance in

community-based management measures likely to wax and

wane over time (Aswani et al. 2017). A growing volume of

literature is calling for ‘‘ridge-to-reef’’ co-management,

where the impacts of land-based practices on coastal fish-

eries are considered (Brown et al. 2019a, b) and commu-

nities, NGOs and governments are involved in

management decisions (Aswani et al. 2017; Jupiter 2017).

In a recent attempt to manage B. muricatum and C.

undulatus fisheries at a national scale, the Solomon Islands

Ministry of Fisheries and Marine Resources passed regu-

lations under the 2015 Fisheries Act that bans the sale of

any B. muricatum or C. undulatus below 650 mm total

length.

These regulations came into effect in August 2018, and

the fine for being caught selling undersized B. muricatum

or C. undulatus is ‘‘30,000 penalty units or 3 months

imprisonment or both’’ (Fisheries Management Prohibited

Activates 2018). The rationale behind these size limits

were twofold. First, they would give both species the

chance to reach sexual maturity before entering the fishery,

and second, they would prevent commercial fishers from

moving their attention to juvenile populations in the inner

lagoons once they had overfished adult stocks on outer reef

habitats. If such regulations could be effectively enforced,

they would protect over 80% of the B. muricatum and C.

undulatus that were sighted in Roviana Lagoon in 2018. In

reality, it is unlikely that the Solomon Islands government

currently has the capacity to effectively enforce its regu-

lations (Jupiter et al. 2019), and community-based fisheries

management strategies that incorporate the national size

regulations may offer a better chance of success.

Finally, while the midterm outlook for B. muricatum and

C. undulatus populations in Roviana Lagoon appears dire,

all is not yet lost. Despite decades of overfishing and poor

land-based practices, B. muricatum and C. undulatus can

still be found in Roviana Lagoon, and juveniles of varying

size and age classes were sighted in 2018, demonstrating

ongoing successful recruitment into the Roviana fishery

and that there is still some suitable nursery habitat for B.

muricatum and C. undulatus in Roviana Lagoon. The very

low abundances of adult B. muricatum and adult C.

undulatus in Roviana Lagoon implies that successful

ongoing recruitment may be a result of larval dispersal

from adult populations in less heavily exploited regions.

One such potential area is a large MPA that is located on

the uninhabited island of Tetepare, which lies approxi-

mately 40 km to the South of Roviana Lagoon (Read et al.

2010; Moseby et al. 2012). UVC surveys that were

undertaken in 2001 revealed that Tetepare had a much

higher abundance of adult B. muricatum than Roviana

Lagoon (Hamilton 2005). This pattern appears to have

persisted over the decades, with large schools of adult B.

muricatum observed within the Tetepare MPA in 2015

(Hughes and Leve, personal observations). If the Roviana

system is currently benefiting from larvae supply from

upstream regions such as Tetepare, then its long-term

resilience is integrally linked to these less exploited areas

remaining relatively pristine. In conclusion, the popula-

tions of B. muricatum and C. undulatus in Roviana Lagoon

are on a rapidly downward spiral and need urgent man-

agement attention. Halting the current rates of decline is

likely to require a cessation of commercial logging,

ensuring that community commitments are adhered too

(Albert et al. 2014) and that national minimum size limits

are enforced. To allow stocks the optimum chance of

recovery, national wide bans on the harvest and sale of B.

muricatum and C. undulatus should also be considered. A

medium-term goal for a community co-management

approach in Roviana Lagoon would be to return popula-

tions of B. muricatum and C. undulatus to the abundance

levels we observed in the 2000s.

Acknowledgements We would like to express our sincere thanks to

Ezekiel Kama for his humour and for captaining our dive boats on

numerous occasions. RH extends his gratitude to the late Margert and

Bailey Kama, for accepting him and his wife Sarah into their wider

Nusabanga family in 2000. We are also grateful to all the Roviana

spearfishermen of past and present who shared their local knowledge

on Topa with us. We thank Professor Howard Choat for reviewing

and improving and earlier version of this paper and Nate Peterson for

producing Fig. 1. CJB was supported by the Global Wetlands Pro-

gram and a Discovery Early Career Researcher Award

(DE160101207) from the Australian Research Council.

Compliance with ethical standards

Conflict of interest All authors declare that they have no conflict of

interest.

References

Albert S, Grinham A, Gibbes B, Tibbetts I (2014) Indicators of coral

reef ecosystem recovery following reduction in logging and

implementation of community-based management schemes in

the Solomon Islands. Pac Conserv Biol 20:75–85

Coral Reefs (2019) 38:455–465 463

123



Andrews AH, Choat JH, Hamilton RJ, DeMartini EE (2015) Refined

bomb radiocarbon dating of two iconic fishes of the Great

Barrier Reef. Mar Freshw Res 66:305–316

Aswani S (1997) Customary sea tenure and artisanal fishing in the

Roviana and Vonavona Lagoons, Solomon Islands: the evolu-

tionary ecology of marine resource utilization. Ph.D. disserta-

tion, University of Hawaii, Honolulu, Hawaii

Aswani S, Hamilton RJ (2004a) Integrating indigenous ecological

knowledge and customary sea tenure with marine and social

science for conservation of bumphead parrotfish (Bolbometopon

muricatum) in the Roviana Lagoon, Solomon Islands. Environ

Conserv 31:69–83

Aswani S, Hamilton R (2004b) The value of many small v. few large

marine protected areas in the Western Solomon Islands.

Traditional marine resource management and knowledge infor-

mation bulletin 16:3–14

Aswani S, Sabetian A (2010) Implications of urbanization for

artisanal parrotfish fisheries in the western Solomon Islands.

Conserv Biol 24:520–530

Aswani S, Flores CF, Broitman BR (2015) Human harvesting impacts

on managed areas: ecological effects of socially-compatible

shellfish reserves. Rev Fish Biol Fisheries 25:217–230

Aswani S, Albert S, Love M (2017) One size does not fit all: critical

insights for effective community-based resource management in

Melanesia. Mar Policy 81:381–391

Aswani S, Albert S, Sabetian A, Furusawa T (2007) Customary

management as precautionary and adaptive principles for

protecting coral reefs in Oceania. Coral Reefs 26:1009–1021

Bellwood DR, Hoey AS, Choat JH (2003) Limited functional

redundancy in high diversity systems: resilience and ecosystem

function on coral reefs. Ecol Lett 6:281–285

Brown CJ, Hamilton RJ (2018) Estimating the footprint of pollution

on coral reefs with models of species turnover. Conserv Biol

32:949–958

Brown CJ, Broadley A, Adame MF, Branch TA, Turschwell MP,

Connolly RM (2019a) The assessment of fishery status depends

on fish habitats. Fish and Fish 20:1–14

Brown CJ, Jupiter SD, Albert S, Anthony KRN, Hamilton RJ,

Fredston-Hermann A, Halpern BS, Lin H, Maina J, Mangubhai

S, Mumby PJ, Possingham HP, Saunders MI, Tulloch VJD,

Wenger A, Klein CJ (2019b) A guide to modelling priorities for

managing land-based impacts on coastal ecosystems. Journal of

Applied Ecology. https://doi.org/10.1111/1365-2664.13331

Chan T, Sadovy Y, Donaldson TJ (2012) Bolbometopon muricatum.

The IUCN Red List of Threatened Species 2012:

e.T63571A17894276. http://dx.doi.org/10.2305/IUCN.UK.2012.

RLTS.T63571A17894276.en. Downloaded 11 November 2018

Choat JH, Pears R (2003) A rapid, quantitative survey method for

large, vulnerable reef fishes. In: Wilkinson C, Green A, Almany

J, Dionne S (eds) Monitoring coral reef marine protected areas.

A practical guide on how monitoring can support effective

management MPAs. Australian Institute of Marine Science and

the IUCN Marine Program Publication, Townsville, pp 54–55

Choat JH, Davies CR, Ackerman JL, Mapstone BD (2006) Age

structure and growth in a large teleost, Cheilinus undulatus, with

a review of size distribution in labrid fishes. Mar Ecol Prog Ser

318:237–246

Cinner JE, Marnane MJ, McClanahan TR (2005) Conservation and

community benefits from traditional coral reef management at

Ahus Island, Papua New Guinea. Conserv Biol 19:1714–1723

Cohen PJ, Alexander TJ (2013) Catch rates, composition and fish size

from reefs managed with periodically-harvested closures. PLoS

One 8:e73383

Colin PL, de Mitcheson YS (2012) Humphead wrasse—Cheilinus

undulatus. In: Colin PL, de Mitcheson YS (eds) Reef fish

spawning aggregations: biology, research and management.

Springer Fish and Fisheries Series, vol 35. Springer

Science ? Business Media, New York, pp 478–487

Davis AD, Wagner JR (2003) Who knows? On the importance of

identifying ‘‘experts’’ when researching local ecological knowl-

edge. Hum Ecol 31:463–489

Donaldson TJ, Dulvy NK (2004) Threatened fishes of the world:

Bolbometopon muricatum (Valenciennes 1840) (Scaridae).

Environ Biol Fish 70:373

Dulvy NK, Polunin NVC (2004) Using informal knowledge to infer

human-induced rarity of a conspicuous reef fish. Anim Conserv

7:365–374

Ensor JE, Abernethy KE, Hoddy ET, Aswani S, Albert S, Vaccaro I,

Benedict JJ, Beare DJ (2018) Variation in perception of

environmental change in nine Solomon Islands communities:

implications for securing fairness in community-based adapta-

tion. Reg Environ Change 18:1131–1143

Fenner D (2014) Fishing down the largest coral reef fish species. Mar

Pollut Bull 84:9–16

Fisheries Management Prohibited Activates (2018) Supplement to

this Gazettee: Legal Notice No. 61. Schedule 3, p. 186. Printed

on 27th August 2018 under the Authority of the Solomon Islands

Government. Honiara, Solomon Islands. Pacific Printers Limited

Foale SJ (1998) Assessment and management of the trochus fishery at

West Nggela, Solomon Islands: an interdisciplinary approach.

Ocean Coast Manag 40:187–205

Foale S, Cohen P, Januchowski-Hartley S, Wenger A, Macintyre M

(2011) Tenure and taboos: origins and implications for fisheries

in the Pacific. Fish Fish 12:357–369

Govan H, Tawake A, Tabunakawai K, Jenkins A, Lasgorceix A,

Schwarz AM, Aalbersberg B, Manele B, Vieux C, Notere D,

Afzal D (2009) Status and potential of locally-managed marine

areas in the South Pacific: meeting nature conservation and

sustainable livelihood targets through wide-spread implementa-

tion of LMMAs: Study Report

Green AL, Maypa AP, Almany GR, Rhodes KL, Weeks R, Abesamis

RA, Gleason MG, Mumby PJ, White AT (2015) Larval dispersal

and movement patterns of coral reef fishes, and implications for

marine reserve network design. Biol Rev 90:1215–1247

Hamilton RJ (2003) The role of indigenous knowledge in depleting a

limited resource—a case study of the bumphead Parrotfish

(Bolbometopon muricatum) artisanal fishery in Roviana Lagoon,

Western Province, Solomon Islands. In: Putting fishers’ knowl-

edge to work conference proceedings, vol 11 no. 1, 27–30 Aug

2001. University of British Columbia, Canada. Fish Cent Res

Rep, pp 68–77

Hamilton RJ (2005) The demographics of bumphead Parrotfish

(Bolbometopon muricatum) in lightly and heavily fished regions

of the Western Solomon Islands. Ph.D. Thesis, University of

Otago, Dunedin, New Zealand, p 273

Hamilton RJ, Choat JH (2012) Bumphead parrotfish: Bolbometopon

muricatum. In: de Mitcheson YS, Colin PL (eds) Reef fish

spawning aggregations: biology, research and management.

Springer fish and fisheries series, vol 35. Springer

Science ? Business Media, New York, pp 490–496

Hamilton RJ, Adams S, Choat JH (2008) Sexual development and

reproductive demography of the green humphead parrotfish

(Bolbometopon muricatum) in the Solomon Islands. Coral Reefs

27:153–163

Hamilton RJ, Potuku T, Montambault JR (2011) Community-based

conservation results in the recovery of reef fish spawning

aggregations in the Coral Triangle. Biol Conserv 144:1850–1858

Hamilton RJ, Giningele M, Aswani S, Ecochard JL (2012a) Fishing in

the dark—local knowledge, night spearfishing and spawning

aggregations in the Western Solomon Islands. Biol Conserv

145:246–257

464 Coral Reefs (2019) 38:455–465

123

https://doi.org/10.1111/1365-2664.13331
http://dx.doi.org/10.2305/IUCN.UK.2012.RLTS.T63571A17894276.en
http://dx.doi.org/10.2305/IUCN.UK.2012.RLTS.T63571A17894276.en


Hamilton R, de Mitcheson YS, Aguilar-Perera A (2012b) The role of

local ecological knowledge in the conservation and management

of reef fish spawning aggregations. In: de Mitcheson YS, Colin

PL (eds) Reef fish spawning aggregations: biology, research and

management. Springer fish and fisheries series, vol 35. Springer

Science ? Business Media, New York, pp 331–370

Hamilton RJ, Almany GR, Stevens D, Bode M, Pita J, Peterson NA,

Choat JH (2016) Hyperstability masks declines in bumphead

parrotfish (Bolbometopon muricatum) populations. Coral Reefs.

35:751–763

Hamilton RJ, Almany GR, Brown CJ, Pita J, Peterson NA, Choat JH

(2017) Logging degrades nursery habitat for an iconic coral reef

fish. Biol Conserv 210:273–280

Halpern BS, Selkoe KA, White C, Albert S, Aswani S, Lauer M

(2013) Marine protected areas and resilience to sedimentation in

the Solomon Islands. Coral Reefs 32:61–69

IUCN. (2012). Guidelines for Application of IUCN Red List Criteria

at Regional and National Levels: Version 4.0. Gland, Switzer-

land and Cambridge, UK: IUCN. iii ? 41 pp

IUCN Standards and Petitions Subcommittee (2017) Guidelines for

using the IUCN Red List categories and criteria: version 13.

Prepared by the Standards and Petitions Subcommittee. http://

www.iucnredlist.org/documents/RedListGuidelines.pdf

Johannes RE, Lam M (1999) The live reef food fish trade in the

Solomon Islands. SPC Live Reef Fish Inf Bull 5:8–15

Jupiter SD (2017) Culture, kastom and conservation in Melanesia:

what happens when worldviews collide? Pac Conserv Biol

23:139–145

Jupiter S, McCarter J, Albert S, Hughes A, Grinham A (2019)

Solomon Islands: Coastal and marine ecosystems. In: World

seas: an environmental evaluation (pp. 855–874). Academic

Press

Larsen SN, Leisher C, Mangubhai S, Muljadi A, Tapilatu RF (2018)

Fisher perceptions of threats and fisheries decline in the heart of

the Coral Triangle. Ocean Life 2:41–46

Lavides MN, Molina EPV, de la Rosa GE, Mill AC, Rushton SP,

Stead SM, Polunin NVC (2016) Patterns of coral-reef finfish

species disappearances inferred from fishers’ knowledge in

global epicentre of marine shorefish diversity. PLoS One

11:e0155752

Lindfield SJ, McIlwain JL, Harvey ES (2014) Depth refuge and the

impacts of SCUBA spearfishing on coral reef fishes. PLoS One

9:e92628

McClure EC, Richardson LE, Graba-Landry A, Loffler Z, Russ GR,

Hoey AS (2019) Cross-shelf differences in the response of

herbivorous fish assemblages to severe environmental distur-

bances. Diversity 11(2):23

McElreath R (2016) Statistical Rethinking: A Bayesian Course with

Examples in R and Stan, vol 122. CRC Press, Boca Raton

McMahon KW, Berumen ML, Mateo I, Elsdon TS, Thorrold SR

(2011) Carbon isotopes in otolith amino acids identify residency

of juvenile snapper (family: Lutjanidae) in coastal nurseries.

Coral Reefs 30:1135–1145

Mills M, Pressey RL, Weeks R, Foale S, Ban NC (2010) A mismatch

of scales: challenges in planning for implementation of marine

protected areas in the Coral Triangle. Conserv Lett 3:291–303

Moseby KE, Labere JP, Read JL (2012) Landowner surveys inform

protected area management: a case study from Tetepare Island,

Solomon Islands. Hum Ecol 40:227–235

Olds AD, Connolly RM, Pitt KA, Maxwell PS, Aswani S, Albert S

(2014) Incorporating surrogate species and seascape connectivity

to improve marine conservation outcomes. Conserv Biol

28:982–991

Pauly D, Hilborn R, Branch TA (2013) Fisheries: does catch reflect

abundance? Nature 494:303–306

Pearse AR, Hamilton RJ, Choat JH, Pita J, Almany G, Peterson NA,

Hamilton GS, Peterson EE (2018) Giant coral reef fishes display

markedly different susceptibility to night spearfishing. Ecol

Evol. https://doi.org/10.1002/ece3.4501

Read JL, Argument D, Moseby KE (2010) Initial conservation

outcomes of the Tetepare Island protected area. Pac Conserv

Biol 16:173–180

Rhodes KL, Hernandez-Ortiz DX, Cuetos-Bueno J, Ioanisc M,

Washington W, Ladore R (2018) A 10-year comparison of the

Pohnpei, Micronesia, commercial inshore fishery reveals an

increasingly unsustainable fishery. Fish Res 204:156–164

Russell, B. (Grouper & Wrasse Specialist Group) 2004. Cheilinus

undulatus. The IUCN Red List of Threatened Species 2004:

e.T4592A11023949. http://dx.doi.org/10.2305/IUCN.UK.2004.

RLTS.T4592A11023949.en. Downloaded 11 November 2018

Sadovy Y, Kulbicki M, Labrosse P, Letourneur Y, Lokani P,

Donaldson TJ (2003) The humphead wrasse, Cheilinus undula-

tus: synopsis of a threatened and poorly known giant coral reef

fish. Rev Fish Biol Fish 13:327–364

Stan Development Team (2018). RStan: the R interface to Stan. R

package version 2.17.3. http://mc-stan.org/

Taylor BM, Hamilton RJ, Almany GR, Choat JH (2018) The world’s

largest parrotfish has slow growth and a complex reproductive

ecology. Coral Reefs. https://doi.org/10.1007/s00338-018-1723-

9

Thompson CP, Skowronski JJ, Larsen SF, Betz A (1996) Autobio-

graphical memory: remembering what and remembering when.

L. Erlbaum Associates, Mahwah

Vincent ACJ, Sadovy de Mitcheson YJ, Fowler SL, Lieberman S

(2014) The role of CITES in the conservation of marine fishes

subject to international trade. Fish Fish 15:563–592

Weiant P, Aswani S (2006) Early effects of a community-based

marine protected area on the food security of participating

households. SPC Traditional Marine Resource Management and

Knowledge Information Bulletin 19:16–30

Weeks R, Russ GR, Alcala AC, White AT (2010) Effectiveness of

marine protected areas in the Philippines for biodiversity

conservation. Conserv Biol 24:531–540

Westneat MW, Alfaro ME (2005) Phylogenetic relationships and

evolutionary history of the reef fish family Labridae. Mol

Phylogenet Evol 36:370–390

Zilio MI, London S, Perillo GM, Piccolo MC (2013) The social cost

of dredging: The Bahia Blanca Estuary case. Ocean Coast

Manag 71:195–202

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Coral Reefs (2019) 38:455–465 465

123

http://www.iucnredlist.org/documents/RedListGuidelines.pdf
http://www.iucnredlist.org/documents/RedListGuidelines.pdf
https://doi.org/10.1002/ece3.4501
http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T4592A11023949.en
http://dx.doi.org/10.2305/IUCN.UK.2004.RLTS.T4592A11023949.en
http://mc-stan.org/
https://doi.org/10.1007/s00338-018-1723-9
https://doi.org/10.1007/s00338-018-1723-9

	Community-based management fails to halt declines of bumphead parrotfish and humphead wrasse in Roviana Lagoon, Solomon Islands
	Abstract
	Introduction
	Methods
	Local knowledge surveys
	UVC surveys
	Statistical analysis
	Change in abundance
	Changes in size and maturity
	IUCN thresholds


	Results
	Local knowledge
	Change in abundance
	Change in size and maturity
	IUCN thresholds

	Discussion
	Acknowledgements
	References




