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Abstract
Mangroves are among the most productive ecosystems in tropical and subtropical

regions. Historically, mangroves are assumed to support artisanal fisheries, leading

decision-makers to protect mangroves based on this premise. However, this relation-

ship remains unclear, despite positive correlations obtained in different geographical

regions. Here, we provide the first meta-analysis of the mangroves–fisheries linkage
at a global level. After conducting a systematic review, 23 publications containing

51 studies estimating the mangrove–fishery linkage were obtained. A random effect

model was used to estimate the effect size (Pearson’s correlation coefficient) of each

individual study as well as the overall effect size. We found strong evidence for the

mangrove–fishery linkage with an overall effect size of r = 0.72 (95% CI: 0.61–
0.81), and substantial heterogeneity was observed (Q = 143.88, df = 50,

P < 0.01). The countries where the studies were carried out were the only signifi-

cant moderator (QM = 26.07, P < 0.01), while fisheries types (i.e. crab, fish, shell-

fish, prawn and total) and global regions were not good predictors of the

relationship. Our results show that mangrove area is a good predictor of fishery

catches overall, confirming the importance of conserving such habitats.
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Introduction

Mangrove forests support a high diversity of both

marine and terrestrial fauna from a variety of tax-

onomic groups that carry out critical ecosystem

functions (Kathiresan and Bingham 2001; Nagelk-

erken et al. 2008). Despite their importance, man-

groves are being lost at alarming rates (Valiela

et al. 2001; Duke et al. 2007). One of the most

studied mangrove ecosystem functions is the
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mangrove–fishery linkage based on the role of

mangroves as nurseries for marine and estuarine

species. Many species that use mangroves undergo

ontogenetic habitat shifts from mangroves to adja-

cent ecosystems (e.g. coral reefs, soft bottoms,

pelagic ecosystems) (Nagelkerken et al. 2001;

Mumby et al. 2004). However, mangrove nursery

function varies at local scales where tide dynam-

ics, turbidity and geomorphological settings differ

(Castellanos-Galindo and Krumme 2013). Three

hypotheses have been proposed to support the

nursery concept, (i) high food availability (Laegds-

gaard and Johnson 2001) (ii) protection from

predators and (iii) shelter from a number of physi-

cal disturbances (Manson et al. 2005b). Habitat

complexity provided by prop roots and pneu-

matophores decreases predator–prey encounters,

which in turn decrease predation risk for juveniles

using mangrove habitats (Laegdsgaard and John-

son 2001). However, decreased visibility caused

by high turbidity and shallow waters is an alter-

native mechanism decreasing predation risk by

reducing visibility and preventing large predators

from entering these habitats (Primavera 1997;

Beck et al. 2001; Nagelkerken 2009). While the

nursery concept has been well documented in the

Caribbean (Mumby et al. 2004), it has been diffi-

cult to assess in the Indo-West Pacific (IWP) (Lee

et al. 2014). However, a recent otolith stable

isotope analysis suggests the importance of man-

groves as nurseries in the IWP (Kimirei et al.

2013). While such evidence increases (Igulu et al.

2014), further research is needed to determine

recruit movement, growth and survival from

mangrove areas to adult habitats (Beck et al.

2001; Nagelkerken 2009).

To date, the mangrove–fishery linkage remains

controversial. For decades, mangroves have been

assumed to be important nursery areas for com-

mercially important species such as Penaeid

shrimp and fish, suggesting a direct and positive

relationship between mangrove area and both

coastal and offshore fisheries. While this assump-

tion has contributed greatly to the development of

conservation programmes and strategies to protect

mangroves that have favoured the ecosystems

goods and services provided by them, the ecological

aspects of the fishery linkage are still poorly under-

stood (Manson et al. 2005b). The first studies to

quantify these relationships carried out a simple

linear regression approach where catches were

regressed against mangrove area (Martosubroto

and Naamin 1977). As new and more powerful

statistical methods became available, more

explanatory variables (e.g. freshwater discharge,

coastal length, estuarine area) were included in

the models to better understand this relationship

(e.g. Loneragan et al. 2005; Meynecke et al.

2007). However, there are still differing opinions

about whether mangroves are a good predictor of

fisheries production. For example, Lee (2004)

analysed the relationship between mangrove

abundance and prawn production worldwide and

concluded that the extent of intertidal areas

explained variability in prawn production better

than mangrove area. In contrast, other studies

have found positive correlations between man-

groves and fisheries in different geographical set-

tings and scales (Manson et al. 2005a; Aburto-

Oropeza et al. 2008; Carrasquilla-Henao et al.

2013).

Previous reviews have discussed the mangrove–
fishery linkage (Manson et al. 2005b; Blaber

2007). Although these reviews have oriented

researchers towards new and important research

directions, to our knowledge there has not been a

quantitative analysis approach to the mangrove–
fisheries linkage at a global level. We conducted a

random effect meta-analysis of the mangrove–fish-
eries linkage relationship, to determine (i) whether

mangroves are good predictors of fishery catches

and (ii) whether there are global patterns in the

relationship between mangroves and associated

fisheries.

Methods

Data collection

We conducted a systematic review on Thomson

Reuters’ Web of Knowledge database. The terms,

mangrove* AND fisher* OR mangrove* AND

prawn*, were used, and 1663 hits were obtained.

Fisher* rather than fish* was chosen to narrow

our search to studies that addressed the man-

grove–fishery relationship and not other measure-

ments of abundance which have been conducted

elsewhere (e.g. Serafy et al. 2015). A total of 1166

hits were discarded based on the title and abstract

as not relevant for the analysis. A total of 497 hits

were carefully analysed for possible inclusion. For

a paper to be included in the analysis, it had to

meet three criteria: first, the paper should be a

study of organisms (fisheries) that was conducted

80 © 2016 John Wiley & Sons Ltd, F ISH and F ISHER IES , 18, 79–93

Mangrove–fishery linkage meta-analysis M Carrasquilla-Henao and F Juanes



in mangrove habitats. Second, a relationship

between the organism studied and mangrove cov-

erage had to be mentioned. Third, evidence that

the catch data of the organism(s) was related to

mangroves (e.g. used mangroves as habitat, feed-

ing ground or nursery) should be provided.

Finally, a statistical relationship (i.e. correlation,

regression or r2 of the model) between mangrove

area or perimeter and catches or enough informa-

tion to calculate it had to be presented (Fig. 1).

Peer-reviewed papers and governmental reports

were included in the analysis. Although most of

the extraction was from the Web of Knowledge,

some publications (seven) were found by following

the references cited in the papers (where govern-

mental reports were found). In total, we included

23 publications and 51 studies in our analysis.

Here, study is defined as each individual relation-

ship between mangroves and catches, as many

papers show the relationship for more than one

fishery for the same mangrove area (e.g. Paw and

Chua 1991; Manson et al. 2005a; Carrasquilla-

Henao et al. 2013).

Statistical analysis

We extracted the correlation coefficient (r), coeffi-

cient of determination (r2) or adjusted r2 and

sample size (n) for the relationship between man-

grove area or extent and catches for each fish-

ery. Correlations and regressions are widely used

in ecology to explain relationships between con-

tinuous variables, which has led to several meta-

analysis studies using this parameter as an effect

size (Harrison 2011). Some studies (e.g. Kori-

cheva 2002) suggest calculating the square root

of the coefficient of determination to obtain r.

However, this calculation is biased especially

when sample sizes are small (Nakagawa and

Cuthill 2007). Thus, for all the studies that pro-

vided a coefficient of determination, r2 or an

adjusted r2, we calculated an radjusted based on

the equation provided by Nakagawa and Cuthill

(2007):

radjusted ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� ðn� 1Þð1� R2Þ

n� k� 1

r

where n is the sample size, and k is the number of

explanatory variables. One included study (Ley

2005) calculated Spearman’s rank correlation so

it was converted to Pearson’s correlation coeffi-

cient (r) by

r ¼ 2 sin
pq
6

� �

where q is the rank correlation (Lajeunesse 2013).

Next, we transformed each value of r in order to

follow a normal distribution given that values

close to �1 are skewed (Viechtbauer 2010) with

Fisher’s z transformation:

z ¼ 1

2
ln

ð1þ rÞ
ð1� rÞ

� �

From the relationships, we categorized the fisheries

into five groups: fish, prawn, crab, shellfish and

total. This was done because some studies did not

specify the species used in the analysis, and to

increase the sample size, given that species-specific

studies were scarce. The ‘total’ category is used for

those studies that related the total catch (i.e. two

or more groups together) to mangroves. Three

regions were used to globally locate each study (i)

IWP, (ii) Americas, Caribbean and Eastern Pacific

(ACEP), and (iii) worldwide for those studies that

conducted an analysis in more than one region.

Finally, the country where each study was carried

out was recorded in the database as an additional

moderator.

An overall effect size of the relationship between

mangrove area and fisheries was calculated with a

random effect model. This model was used because

the studies included were not all identical. They

differed in location, mangrove species composition,

tidal regime and fishery caught, among many

others. Also, we wanted to draw conclusions to

the entire population of mangroves–fishery studies

and not limit it to the 23 publications included in

the present study (Viechtbauer 2010). Moreover,

we conducted a multilevel (three level) meta-ana-

lysis to account for the nested structure of our

data set, that is, studies nested within publications.

This framework allowed us to account for the

non-independence of the individual correlations

extracted from publications with more than one

mangrove–fishery relationship (Nakagawa and

Santos 2012). Thus, the variance obtained by the

three levels are as follows: within-study variance

(level 1), between-studies within same publicat-

ion variance (level 2), and between-publications

variance (level 3) (Konstantopoulos 2011). In

summary, we included the effect sizes nested

within publications as a random effect in our

model. After calculating the overall effect size,

mixed effects models were conducted to determine
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whether some categorical moderators (fishery,

region, and/or country) explained at least part of

the heterogeneity. Omnibus tests were carried out

to test whether the coefficients of the model were

significant and whether the moderator itself was

significant (Viechtbauer 2010). A full model

including all moderators was conducted followed

by a number of different models including different

combinations of the moderators. The best model

was chosen based on Akaike information criterion

(AIC) scores.

The heterogeneity of the overall model and the

mixed effects models were calculated with the r2

parameter, while the heterogeneity significance of

each model was tested with Cochran’s Q test

(Borenstein et al. 2009; Favaro and Côt�e 2015).

When including moderators in a model, the

total heterogeneity in the model (QT) is portio-

ned into QM, the heterogeneity explained by the

moderators, and the residual or unexplained

heterogeneity (QE). Thus, the total heterogeneity

(QT) is the sum of the unexplained variability

(QE) and the variability explained by the covari-

ate (QM) (Borenstein et al. 2009). All the analy-

ses were carried out with R version 3.1.2 (R

Core Team 2014), and the meta-analysis was

conducted with the Metafor package (Viechtbauer

2010).

Does the paper state any 
type of use of mangrove 
(habitat, nursery, feeding 

ground etc.)  by the organism 
(fishery)?  

Does the paper examine 
fisheries with respect to 
mangrove coverage or 
perimeter among other 

variables? 

Does the paper have a 
statistical test or enough data 
to calculate mangrove–fishery 

relationship? 

No 

No 

No

Yes 

Yes 

405 excluded 

497 publications 
identified through Web 

of Science 

9 publications identified 
through references in other 

papers 

Total number of publications 
after duplicates removed (n = 

506) 

69 excluded 

5 excluded 

Papers assessed for 
eligibility = 27 

Papers included in the meta-
analysis = 23 

4 papers excluded 
because of lack of 
statistical test and 
insufficient data to 

calculate correlation 
coefficient. 

Figure 1 Decision-making flow chart of the publications included in the analysis based on the Preferred Reporting

Items for Systematic Reviews and Meta-Analysis (PRISMA statement) (Moher et al. 2009).
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A major concern when conducting a meta-ana-

lysis is publication bias that occurs when some

studies may be excluded from the analysis because

they have not been published. Thus, a difference

in the results between unpublished and published

studies exists (Møller and Jennions 2001). We

explored publication bias by plotting a funnel plot

of the overall effect model. If no publication bias is

present, the estimated effect size for each study

should be closer to the overall estimated effect size

as sample size increases (i.e. symmetrical) (Santos

et al. 2011).

In addition to the visual exploration, we con-

ducted fail-safe number tests to determine whether

publication bias was present. The fail-safe number

estimates the number of non-significant studies

that must be included to make the overall effect

non-significant (Harrison 2011). We then com-

pared the number obtained to the number

obtained by Rosenthal’s method:

n ¼ 5kþ 10

where k is the number of studies in the meta-ana-

lysis. If n is smaller than the fail-safe number, then

the results are robust (Jennions et al. 2013).

Lastly, we tested for temporal trends in our data

set by conducting a cumulative meta-analysis to

determine whether the magnitude of the effect sizes

of the mangrove–fishery relationships has changed

over time as new evidence, statistical methods and

study sites have developed. Cumulative meta-analy-

sis accounts for the temporal trend in the mean

effect size by adding one study at a time and recal-

culating the overall effect size and confidence inter-

vals (Leimu and Koricheva 2004). We organized

our studies in chronological order from oldest to

most recent when conducting the analysis. We also

conducted a mixed effects model using year as a

moderator to obtain more robust temporal results.

Results

Our search terms produced a total of 506 publica-

tions of which 23 publications from both peer-

reviewed and grey literature yielded 51 independent

data points, 11 of which were from the ACEP

region, 37 from the IWP and only three worldwide

studies. In the ACEP and IWP regions, prawn and

fish were the most common fisheries used to study

linkages between mangrove area and landings,

whereas only prawns have been tested on a global

scale (Fig. 2).

The effect sizes from the individual studies ran-

ged from r = �0.56 to r = 0.98 (Table 1). The

Figure 2 Correlation coefficient frequencies of the effect of mangrove area on catches in the three different regions.

ACEP = American Caribbean and Eastern Pacific, IWP = Indo-West Pacific and Worldwide.
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Table 1 Pearson’s correlation coefficients calculated from the random effects model and back-transformed (atanh (rz))

for each study and organized by fishery (crab, fish, prawn, shellfish and total). The sample size of each study is shown

together with the country and region (IWP = Indo-West Pacific, ACEP = Atlantic–Caribbean and Eastern Pacific,

worldwide = studies conducted in more than one country) where they were conducted.

Authors Fishery

Pearson’s
correlation
coefficient (r)

Sample
size (n) Country Region

Manson et al. (2005a) Crab 0.71 36 Australia IWP
Carrasquilla-Henao et al. (2013) Crab 0.72 5 Mexico ACEP
Meynecke et al. (2007) Crab 0.62 13 Australia IWP
Meynecke et al. (2007) Crab 0.63 13 Australia IWP
Jothy (1983) Crab 0.60 10 Malaysia IWP
Ya~nez-Arancibia (1985) Fish 0.69 10 Mexico ACEP
Paw and Chua (1991) Fish 0.63 20 Philippines IWP
Paw and Chua (1991) Fish 0.73 18 Philippines IWP
Paw and Chua (1991) Fish 0.81 12 Philippines IWP
Paw and Chua (1991) Fish 0.63 18 Philippines IWP
Paw and Chua (1991) Fish 0.58 15 Philippines IWP
Saintilian (2004) Fish 0.72 17 Australia IWP
Saintilian (2004) Fish 0.42 17 Australia IWP
Manson et al. (2005a,b) Fish 0.56 36 Australia IWP
Carrasquilla-Henao et al. (2013) Fish 0.71 5 Mexico ACEP
Carrasquilla-Henao et al. (2013) Fish �0.55 5 Mexico ACEP
Meynecke et al. (2007) Fish 0.97 11 Australia IWP
Ley (2005) Fish 0.29 11 Australia IWP
Turner (1977) Prawn 0.76 21 World Wide
Martosubroto and Naamin (1977) Prawn 0.89 7 Indonesia IWP
Staples et al. (1985) Prawn 0.76 6 Australia IWP
Pauly and Ingles (1986) Prawn 0.51 38 World Wide
Sasekumar and Chong (1987) Prawn 0.94 10 Malaysia IWP
Paw and Chua (1991) Prawn 0.78 18 Philippines IWP
Paw and Chua (1991) Prawn 0.81 18 Philippines IWP
Lee (2004) Prawn 0.38 37 World Wide
Loneragan et al. (2005) Prawn 0.75 8 Malaysia IWP
Loneragan et al. (2005) Prawn 0.75 8 Malaysia IWP
Loneragan et al. (2005) Prawn 0.21 8 Malaysia IWP
Loneragan et al. (2005) Prawn 0.71 8 Malaysia IWP
Manson et al. (2005a,b) Prawn 0.80 36 Australia IWP
Barbier and Strand (1998) Prawn 0.80 11 Mexico IWP
Carrasquilla-Henao et al. (2013) Prawn 0.95 5 Mexico ACEP
Meynecke et al. (2007) Prawn 0.80 13 Australia IWP
Gedney et al. (2014) Prawn 0.90 11 Malaysia IWP
Kenyon et al. (2004) Prawn 0.00 11 Australia IWP
Kenyon et al. (2004) Prawn �0.54 11 Australia IWP
Kenyon et al. (2004) Prawn 0.00 11 Australia IWP
Kenyon et al. (2004) Prawn �0.56 11 Australia IWP
Jothy (1983) Prawn 0.82 10 Malaysia IWP
Sheaves et al. (2012) Prawn 0.70 25 Australia IWP
Carrasquilla-Henao et al. (2013) Shellfish 0.73 5 Mexico ACEP
Jothy (1983) Shellfish 0.68 8 Malaysia IWP
Paw and Chua (1991) Total 0.63 34 Philippines IWP
de Graaf and xuan (1998) Total 0.94 5 Vietnam IWP
de Graaf and xuan (1998) Total 0.99 18 Vietnam IWP
Aburto-Oropeza et al. (2008) Total 0.82 13 Mexico ACEP
Aburto-Oropeza et al. (2008) Total 0.86 13 Mexico ACEP
Carrasquilla-Henao et al. (2013) Total 0.96 5 Mexico ACEP
Camacho and Bagarinao (1987) Total 0.72 60 Philippines IWP
V�azquez-Gonz�alez et al. (2015) Total 0.81 99 Mexico ACEP
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overall effect size of the mangrove and fishery rela-

tionship among all studies estimated from the ran-

dom effect model was r = 0.72 (95% CI: 0.61–
0.81), thus significantly different from 0 (Fig. 3).

The variability between publications was larger

(r2 = 0.18) than studies within publication

(r2 = 0.011). The random effects model also sug-

gested substantial heterogeneity between studies

(QT = 143.88, df = 50, P < 0.0001).

Based on the AIC scores, the moderator that

best explained the variability in the relationship

was ‘Country’ (Table 2). Moreover, when includ-

ing regions (QE = 129.1, df = 48, P < 0.001) and

fisheries (QE = 127.42, df = 46, P < 0.001) as

moderators, substantial heterogeneity persisted

with an extremely low percentage of heterogeneity

accounted for in the model. The omnibus tests in

both cases suggested that these moderators do not

influence the relationship between mangroves and

fisheries (QM = 2.10, df = 2, P = 0.35 and

QM = 4.38, df = 4, P = 0.36, respectively) even

though the levels of the factors were significantly

different from 0 (Fig. 4a and b).

When including the moderator country in a

mixed effects model considerable heterogeneity

remained unexplained (QE = 89.46, df = 44,

P < 0.0001). However, 68.9% of the total amount

of heterogeneity could be accounted for with this

moderator (QM = 26.07, df = 6, P < 0.01). The

omnibus test suggests that the coefficients are dif-

ferent from 0; indeed, the estimated correlation

coefficient of the effect of mangrove area on

catches for all countries was positive and signifi-

cant (Fig. 3) ranging from b7 = 0.49 (worldwide)

to b8 = 0.98 (Vietnam).

A visual inspection of the relationship between

the correlation coefficient and sample size suggests

Figure 3 Forest plot showing the strength of the mangrove area–fishery relationship for different countries. Black

points represent the modelled effect size by a mixed effects model for each country, while the grey point represents the

overall calculated effect size by a random effects model. Lines adjacent to the points represent the 95% confidence

intervals. Vertical r line (r = 0) signifies no correlation, while everything to the right represents a positive correlation

and on the left a negative correlation. When bars cross the no effect line (r = 0), the estimated effect size is not

significant.

Table 2 Akaike information criterion (AIC) for a

combination of models depicting the relationship of the

mangrove–fishery linkage effect size (Yi) with respect to

the moderators accounted for in the study. The AIC

outcomes are organized from top (best) to bottom (less

suitable). Larger DAIC and less weight represent less

suitable models, while heterogeneity is the explained

variability by each model.

Model D AIC Weight Heterogeneity r2

Yi ~ country 0 0.46 0.69
Yi ~ fishery + country 5.15 0.035 0.12
Yi ~ region + fishery
+ country

5.15 0.035 0.61

Yi ~ region 7.88 0.009 0.69
Yi ~ fishery 9.26 0.004 0.05
Yi ~ region + fishery 10.87 0.002 0.16
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a funnel shape. That is, there is higher variability

in the individual correlation coefficient at small

sample sizes and it narrows as sample size

increases (Fig. 5). The fail-safe number estimated

to make the results non-significant was 7165

which also suggests no publication bias.

(a) (b)

Figure 4 Forest plots showing the strength of the mangrove area–fishery relationship for different (a) fisheries and (b)

regions. The three regions are as follows (i) Worldwide (ii) Indo-West Pacific (IWP) and (iii) Atlantic–Caribbean and

Eastern Pacific (ACEP). Black points represent the modelled effect size using a mixed effects model for each (a) fishery

and (b) region, while the grey point represents the overall calculated effect size using a random effects model. Lines

adjacent to the points represent the 95% confidence intervals. The vertical dashed line (r = 0) signifies no correlation

with everything to the right representing a positive correlation and on the left a negative correlation. When bars cross

the no effect line (r = 0), the estimated effect size is not significant.

Figure 5 Funnel plot showing the relationship between Pearson’s correlation coefficient (r) and sample sizes for all the

studies included in the analysis. The dotted line represents the overall effect size calculated from the random effects

model, and the solid line represents no effect (r = 0).
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Rosenthal’s method number was 265, well below

the fail-safe number, 7165. Therefore, we con-

firmed the robustness of our results.

The cumulative meta-analysis shows consis-

tency in the magnitude of the effect size through

time (Fig. 6). Although the confidence intervals

were wider in the earlier studies, these did not

overlap the non-significance correlation (i.e.

r = 0). The confidence intervals obtained in the

analysis tended to narrow down from 2004 to

2015 suggesting a strong relationship in the man-

grove–fishery linkage. The mixed effects model

using year as moderator yielded similar results.

‘Year’ was not a good predictor of the mangrove–
fishery linkage (QM = 0.64, df = 1, P = 0.42).

These results suggest that throughout the

38 years that this relationship has been studied,

the outcomes have been consistent.

Discussion

Most previous studies trying to determine whether

mangroves support fisheries have been approached

qualitatively (Baran 1999; Manson et al. 2005b;

Blaber 2007). However, a recent study has gone

beyond this qualitative approach and developed a

mangrove–fishery model based on expert judg-

ment, whereby nutrient and freshwater input and

mangrove area were predictors of potential fish

catch. Although this study has gone a step for-

ward, the model is yet to be parameterized with

local catch data (Hutchison et al. 2015). Our

study is the first attempt to quantify the man-

grove–fishery linkage globally. Meta-analysis has a

number of advantages with respect to qualitative

reviews or vote counting procedures. While

reviews provide expert opinion, they may be sub-

jective, and vote counting suffers from poor statis-

tical procedures, meta-analysis offers a set of

statistical tools to quantify the overall outcome of

controversial ecological questions (Koricheva and

Gurevitch 2013). Results of our meta-analysis sug-

gest that mangroves have a strong effect

(r = 0.72) on fisheries in a variety of mangrove

settings across the world. One of the major criti-

cisms that this result faces is that correlation does
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Figure 6 Forest plot showing a temporal (publication year) cumulative meta-analysis of the effect of mangrove area on

different fisheries across the world. Where there is more than one publication in a year, the publication year is only

shown in the first point. The Dotted vertical line represents no effect (r = 0). Lines adjacent to the points represent 95%

confidence intervals.
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not imply causation (Blaber 2009; Lee et al.

2014). Although this statement is true and is a

limitation of correlation meta-analyses (Worm and

Myers 2003), our understanding of the function of

mangrove as nurseries in different mangrove set-

tings has increased over the past few years

(Kimirei et al. 2013; Igulu et al. 2014). However,

further studies in different mangrove settings are

still needed. While we consider that one of the

most important mechanisms driving the relation-

ship between mangroves and fisheries is the

importance of mangroves as nursery habitats for

commercially important species, we acknowledge

that juveniles of different species can utilize man-

groves in different ways such as a sources of food,

shelter or both (Nagelkerken 2009). Nonetheless,

a recent study conducted by Serafy et al. (2015)

in the wider Caribbean area demonstrated that

between 6 and 8 mangrove-dependent fishes’

abundance is proportional to mangrove area and

that other predictors such as latitude and popula-

tion density are not as strong predictors as man-

grove area. Similarly, Igulu et al. (2014) found

that for some species, juvenile fish density was

higher in mangrove habitats than in adjacent

habitats in both IWP and the Caribbean. Earlier

studies have also found that juvenile fish densities

are higher in mangrove habitats compared with

unstructured habitats such as mudflats in the IWP

(e.g. Robertson and Duke 1987; Chong et al.

1990) and the Caribbean (Nagelkerken and Van

der Velde 2002). These findings suggest that when

mangrove habitats are present fish density is

higher in these systems compared to adjacent

habitats probably due to the higher habitat com-

plexity provided by mangroves. While nursery

studies in the Caribbean have focused on island

mangroves that lack freshwater discharges and

have seagrass beds and coral reefs as adjacent

habitats (e.g. Mumby et al. 2004), different man-

grove settings occur in the Caribbean such as

lagoon systems (e.g. Cienaga Grande de Santa

Marta in Colombia), that have different adjacent

habitats and completely different dynamics that

thus far, have not been studied. Evaluating the

importance of mangroves as nurseries for many

species in mangrove estuaries in the Caribbean

may provide additional knowledge in the field.

Also, more mangrove habitats with varying envi-

ronmental characteristics (e.g. tide regimes and

precipitation) must be researched across the globe

to fully explain the importance of mangroves as

nurseries (Castellanos-Galindo and Krumme 2013)

and therefore fill the knowledge gaps that remain

in the mangrove–fishery linkage, particularly in

the ACEP region.

We conducted a multilevel random effects model

as we accounted for the nested structure of our

data and anticipated considerable heterogeneity

among studies given their differences in geographi-

cal location and local environmental and geomor-

phological mangrove settings in addition to

variability in the mangrove area. While the vari-

ability was higher across publications than within

studies in a publication, we were able to make

inferences from a number of moderators given the

multilevel framework approach used. The model

yielded high variability and thus we used some

moderators to try to explain such variance. We

hypothesized that the regions (i.e. ACEP, IWP and

worldwide) would explain at least part of the

heterogeneity because of their differences in spe-

cies richness and geomorphological characteristics

(Spalding et al. 2010; Lee et al. 2014) based on

the hypothesis that productivity is enhanced by

diversity (Tilman et al. 1996). That is, that the

higher mangrove diversity in the IWP would pro-

vide higher productivity and thus increased

catches. Furthermore, a strong relationship

between mangrove species richness and sponge,

brachyuran crabs and gastropod richness has been

shown at a global scale (Ellison 2008). However,

we found that region was not a good explanatory

variable despite the positive correlations observed.

This can be caused by a number of mechanisms;

although the IWP is substantially higher in man-

grove species richness, and no overlap in species

among regions exists, the architectural structure

of pneumatophores and aerial roots is alike in sim-

ilar species (e.g. Rhizophora mangle vs. Rhizophora

apiculata and Avicennia germinans vs. Avicennia mar-

ina). These structures are found in both realms

and may be providing habitat complexity ana-

logues despite the biogeographic differences across

regions. Also, the ACEP is underrepresented with

only one country, Mexico. Despite having studies

carried out in both the Gulf of Mexico and the Gulf

of California, the few studies in the ACEP region

can also explain the lack of heterogeneity

explained by the ‘regions’ moderator. Indeed, the

model parameterization, Yi ~ region + country,

was excluded from the AIC table because the

model drops redundant parameters. This implies

that it drops ‘Mexico’ from a moderator, and thus,
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the outcome is the same as for ‘countries’ by itself.

Moreover, in a meta-analysis conducted by Igulu

et al. (2014), the authors found that tidal regimes

are a better predictor of nursery habitats than the

regions themselves. However, Lee et al. (2014)

suggest that mangrove ecosystem function may

differ across regions given the presence or absence

of different key species in both realms.

Unlike regions, country explained about 70% of

the heterogeneity in the mangrove–fisheries link-

age model. A probable explanation is that man-

grove diversity varies at continental and regional

scales in response to environmental factors such

as precipitation, and interspecific and intraspecific

competition (Ellison and Farnsworth 2001). Alter-

natively, mangroves differ in size, productivity and

abundance at specific locations driven by precipita-

tion, climatological conditions, tidal regimes, fresh-

water flow and geomorphological and edaphic

conditions (Duke et al. 1998; Alongi 2009; Castel-

lanos-Galindo et al. 2013; Hutchison et al. 2013).

Thus, mangrove habitats are likely more similar

within countries. Hence, countries accounted for

the bulk of the variability in the model. Another

possible reason why countries were such a good

predictor is that there are consistent differences

among countries with respect to mangrove conser-

vation and fishery management policies that can

change the magnitude of the correlation. How-

ever, this does not apply to the ‘worldwide’ region

as this factor includes studies conducted in more

than one country where conservation manage-

ment plans likely differ. We collected data for six

different countries (Australia, Malaysia, Indonesia,

Philippines, Vietnam and Mexico). According to

Spalding et al. (2010), 125 countries in the world

have mangroves; therefore, the proportion of

countries that have conducted these studies is low

(4.8%). Historically, research in the IWP has

focused on trying to disentangle the mangrove–
fisheries linkage, while in the ACEP, particularly

in the Caribbean, research has focused on under-

standing mangroves’ nursery function for coral

reefs (e.g. Nagelkerken et al. 2001; Mumby et al.

2004; Igulu et al. 2014). Thus, future mangrove–
fisheries linkage studies should be carried out in

Africa, Central America and the east and west

coasts of South America.

Historically, prawn fisheries linkages to man-

groves have received much more attention (40%)

than other fisheries, especially in the IWP (Fig. 2).

The five categories of fisheries included in our

model did not explain any of the heterogeneity

even though most of them, except for shellfish,

showed positive correlations. These categories

were binned into larger groups that included more

than one species. For example, ‘fish’ was a broad

category that contained a number of different spe-

cies such as mullets, snappers, groupers, and

mackerels among others. Similarly, ‘prawns’

included both banana and tiger prawns. This

approach was necessary because several studies

included in the analysis classified the fishery used

in their relationship in a broad group, thus ham-

pering our ability to precisely classify them. Differ-

ent species and different taxonomic groups use

habitats in different ways and at different spatial

and temporal scales; therefore, the relationships

are likely to differ across groups. Despite the lack

of variability accounted for by the model for this

moderator, species-specific studies on prawns have

demonstrated the importance of mangroves for

their life cycles (Ronnback et al. 2002; Vance et al.

2002). Similarly, shellfish (i.e. bivalves) are usually

harvested by hand from mangrove mud sediments

(Mackenzie 2001). While it is evident that man-

grove area is important for such groups, it was

not significant in the model. However, there were

only two studies that provided evidence on the

relationship between shellfish and mangrove area

thus hampering the possibility of observing a

potential strong relationship. Nonetheless, relation-

ships between mangrove area and non-commer-

cially important species’ richness has also been

shown at global scales (Ellison 2008). Thus, it is

possible that if species relationships to mangroves

were considered individually, the model could

account for some of this variability as has been

shown for some reef species in the wider Carib-

bean (Serafy et al. 2015). Therefore, future studies

should focus on species-specific relationships; how-

ever, from a fisheries perspective, this may be chal-

lenging because (i) most local fishery offices do not

report catches at a species level and (ii) catches in

the tropics and subtropics are highly diverse (Bla-

ber 2007).

The publication bias tests we conducted yielded

compelling results with respect to the mangrove–
fisheries linkage. The fail-safe number test suggests

that our study does not suffer from publication

bias. In fact, because we extracted some studies

from the grey literature, we reduced a major prob-

lem in meta-analysis, publication bias. When a

new research avenue opens, the first studies to be
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published usually are significant; however, the

outcomes tend to vary through time (Santos et al.

2011). In our cumulative meta-analysis (Fig. 6),

this trend is clearly observed where the initial

studies presented strong correlations but wide con-

fidence intervals. As time progresses, the confi-

dence intervals decreased but the magnitude of

the relationship remained consistent. Although

strong correlations remain in recent studies (e.g.

Aburto-Oropeza et al. 2008; Carrasquilla-Henao

et al. 2013; V�azquez-Gonz�alez et al. 2015), the

overall outcomes differ by author, fishery and

region. Although recent studies have increased the

number of predictors included in the models lead-

ing to more variable outcomes, little change in the

overall effect was observed. While our temporal

results provide compelling evidence on the impor-

tance of mangrove area as a predictor of catches,

we understand that this predictor must not be

accounted for independently, rather many other

explanatory variables (e.g. size of estuary, freshwa-

ter flow, salinity, etc.) should be used together

with mangrove area. This will contribute to

increasing evidence of connectivity among differ-

ent habitats and will expand our coastal shallow

ecosystem seascape understanding (Nagelkerken

et al. 2015). In studies that included several

explanatory variables (e.g. Lee 2004; Loneragan

et al. 2005; Meynecke et al. 2007), the importance

of mangroves tended to be slightly weaker than in

studies that only included area as a predictor;

however, the meta-analysis outcome still yielded

an overall strong correlation. The temporal analy-

sis does not suggest a decrease in the strength of

the correlation through time despite greater vari-

ability in the studies’ outcomes in recent years.

The result of our meta-analysis has important

conservation implications. Although overfishing,

pollution and land cover change have detrimen-

tal consequences for marine ecosystems (Lotze

et al. 2006; Halpern et al. 2008), mangrove for-

est degradation can substantially contribute to

catch declines by the removal of critical habitats

used by many commercially important species.

Despite the importance of mangroves as fish

habitat and the number of ecosystem functions

and ecosystem services they provide, they are

being lost at alarmingly fast rates (Valiela et al.

2001; Alongi 2002; Spalding et al. 2010),

adding to the many other problems coastal

ecosystems are facing. Our analysis of the man-

grove–fisheries linkage suggests that globally

mangroves have a considerable effect on fish-

eries. The effect seems to be more similar within

countries as opposed to regions or fishery, which

highlights the importance of local conservation

strategies and strong governmental policies to

protect mangroves as critical habitats and as an

important food source for vulnerable families in

developing countries.
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