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Abstract

The island of Jamaica is often cited as an example of how overfishing has
dramatically reduced the sizes of coral reef fishes. To examine the change in
fish sizes over a 36-year period, we analyzed data from systematic surveys
conducted in 1977 and 2013/14 of the sizes and relative abundances of four
common algae-grazing fishes in the shallow backreef habitats of Jamaica and
Grand Cayman. The four species are: striped parrotfish (Scarus iseri), stop-
light parrotfish (Sparisoma viride), ocean surgeon (Acanthurus tractus) and
the blue tang (Acanthurus coeruleus). We predicted that all four species
would be larger in Grand Cayman than in Jamaica in 1977 as well as in
2013/14, because Grand Cayman has been cited as having less fishing pressure
than Jamaica. For the same reason, we expected all four species would have
declined in size over the 36 years in Jamaica but not in Grand Cayman. Fur-
thermore, we predicted that the compressed body shape of the ocean surgeon
and the blue tang would have made them especially vulnerable to net and trap
fishing compared to the two parrotfishes, and that accordingly the effects of
overfishing would be greater in these two species. We rejected this hypothesis.
The size distributions of the laterally compressed species changed significantly
on both islands over the 36-year time span, although not as predicted. At both
islands, the blue tangs shifted toward smaller sizes and the ocean surgeons
shifted toward larger sizes. There were no size distribution changes detected
in the two fusiform species. There was also no support for the prediction that
the sizes of these four species were larger in Grand Cayman than in Jamaica
during either time period.
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1. Introduction

By the early 1990s, it was generally accepted that the coral reef fish community
in Jamaica was in decline and among the most intensely fished in the Caribbean
(Allison, 1992 [1]; Hughes, 1994 [2]; Sanderman & Woodley, 1994 [3]; Sary,
1995 [4]; Hardt, 2009 [5]), with fishing pressure in Jamaica being estimated at
more than twice the estimates of the next highest islands (Hawkins & Roberts,
2004 [6]). The supporting evidence rested on two types of data; fishery landings
and experimental sampling. First, estimates of the landings of commercially im-
portant species in relation to estimated work-effort by Jamaican fisherman had
declined from the early 1960s to the 1990s (Munro, 1983 [7]; Aiken & Haughton,
1987 [8]; Sary et al, 2003 [9]). Second, in comparison to other Caribbean isl-
ands, experimental surveys showed that fish populations in Jamaica had lower
population densities and smaller mean body sizes (Klomp et al, 2003 [10]; Haw-
kins & Roberts, 2004 [6]; Vallés & Oxenford, 2014 [11]). While the above results
are correlational, Koslow et al (1988 [12]) illustrated that one type of artisanal
gear commonly used in Jamaica (ie, fish traps) could “significantly” alter the
species compositions of reef areas.

Munro (1983 [7]) and Sary et al (2003 [9]) warned that without a more in-
tense management of the artisanal fisheries, the Jamaican reef fish populations
would continue to decline both in numbers and sizes. In addition to the eco-
nomic issues that result from fishery collapse (e.g., losses to fisheries industry
and tourism), large-scale changes in the population demographics of coral reef
fishes may have a profound impact on the health of the coral reef itself. For ex-
ample, Hughes (1994 [2]) argued that overfishing contributed to the phase-shifts
from coral-dominated to algal-dominated systems in the Caribbean. Jackson et
al. (2014 [13]) argued more specifically that the loss of parrotfish due to over-
fishing may have allowed macro algae to overgrow and kill coral. Aronson &
Precht (2006 [14]) argue that climate change and marine diseases are more po-
tent factors in large-scale coral reef degradation.

In this paper we present the results of two surveys in the back reefs of Jamaica
and Grand Cayman, one in 1977 and the other in 2013/2014. Prior to 1977, Itz-
kowitz (1974 [15]) using random transects in the Jamaican back reef lagoons
published the first survey of the inshore fishes at three locations along the North
Coast. In 1984, Itzkowitz et al (1991 [16]) used point locations to examine rela-
tive species abundance on the Jamaican fore reef at a depth of 25 m. Both sur-
veys did not consider sizes of the fish but did illustrate that algae grazers were
commonly observed. The 1977 Grand Cayman survey presented here is the ear-
liest census performed on that island’s inshore fishes. Although it is well known
that sea turtles were heavily exploited in Grand Cayman (Jackson, 1997 [17]), we
assumed, at that time, that the inshore fishes represented a more pristine con-
trast to the fish communities in Jamaica. Surveys performed in 1999 (Patten-
gill-Semmens & Semmens, 2002 [18]) and in 2009 (McCoy et al, 2010 [19])
reinforce the view that the reefs in Grand Cayman do have less intense fishing.

Therefore, Grand Cayman represents a great opportunity for coral reef fish
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comparisons since it is less fished, relatively close to Jamaica, and has a north
coast fringing coral reef system that resembles the reef on the north coast of Ja-
maica.

The critical aspect of this study is a survey of several localities on the north
coasts of Jamaica and Grand Cayman in 1977. In 2013/2014 we returned to these
same areas, using similar recording techniques, to determine if fish sizes had
changed. Reflecting the important role that algae-grazing play in the dynamics of
coral reef ecosystems, here we restrict our analysis to four commonly encoun-
tered species: the striped parrotfish (Scarus isers, Bloch 189), the stoplight par-
rotfish (Sparisoma viride, Bonneterre 1788), the ocean surgeon (Acanthurus
tractus Poey, 1860) and the blue tang (Acanthurus coeruleus, Bloch and
Schneider 1801). Because fishing pressure appears higher in Jamaica than Grand
Cayman, we predicted that the body sizes of all four species would be larger in
Grand Cayman in both time periods, and that any decreases in body sizes over
the 36-year time period would be more pronounced in the Jamaican popula-
tions. Sutherland ef al (1991 [20]) observed that laterally compressed fishes
would be less able to escape the same size trap mesh as compared to fusiform
fishes of the same total length. Randall (1983 [21]) characterizes the striped and
stoplight parrotfish as being “oblong and moderately compressed” while the blue
tang and the ocean surgeon are described as being “high-bodied and com-
pressed.” In Jamaica, we predicted that the highly compressed bodies of the blue
tang and the ocean surgeon will have caused them to decline more dramatically
than the two parrotfish. Without significant fishing pressure in Grand Cayman,
we predicted that body shape would not correlate to any recorded changes in

fish size.

2. Methods

2.1. Location

We conducted our surveys at several sites in the shallow back reefs along the
north coasts of Jamaica and Grand Cayman. These two north coast reef locations
are topographically similar to one another, with a narrow band of shallow water
habitat supporting corals, sea grass, and macro algae, and both being strewn
with coral rubble. We sampled reef sites near two towns along the north shore of
Jamaica in 1977 and 2013, Discovery Bay and Ocho Rios. In 2013 we also sam-
pled an additional site located east of Ocho Rios in the town of Oracabessa. In
total the locations sampled in Jamaica span an approximate linear distance of 50
km. In Grand Cayman in 1977, 2013, and 2014, we sampled nine sites along the
north shore from approximately Rum Point to Old Man Bay, spanning an ap-

proximate linear distance of 7 km.

2.2. The Back Reef Environment

The back reef zone (1 - 3 m depth) lies between the shore and the near-

ly-emergent reef crest. The habitat of the Jamaican and Grand Cayman back reef
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sites is structurally complex, owing to the haphazard arrangement of a variety of
coral rubble features, large living colonies of several species of framework coral,
such as Siderastrea siderea, Diploria strigosa, and Orbicella annularis, as well as
patches of sand and sea grass. Many species of marine fishes use the live coral,
sea grass, sand, and rubble along the back reef for refuge, mating, nesting, and
foraging. Munro (2000 [22]) considered this environment in Jamaica to have a
high diversity with stable but dynamic populations of fish. Prior to the 1977
survey analyzed in this paper, this back-reef area was used to describe the com-
munity structure and the social interactions of many of the diurnal coral reef fish
species that routinely reside there (Itzkowitz, 1974 [15], 1977a [23], b [24], 1980
(25]).

2.3. Species Considered

In this paper we focus on four species that graze algae, two prominent species in
the family Scaridae, the striped parrotfish and the stoplight parrotfish and two
prominent species in the family Acanthuridae, the ocean surgeon and the blue
tang. We avoid the term “herbivorous” for the parrotfish because Clement et al
(2016 [26]) argued that while they do eat macroalgae, their nutrition may be
based largely on “microscopic benthic autotrophs” residing on the macroalgae.
We selected these four species for three important reasons. First, all four species
are subjected to heavy fishing pressure in Jamaica as they are all commonly tar-
geted in the spear-fishing, netting, and fish trapping fisheries. Second, all four
were commonly observed during our surveys in all sites on both islands and in
both sampling periods. Finally, the two families differ significantly in body shape
(ie, Scarids being fusiform and Acanthurids being laterally compressed) and we
were interested in investigating whether those differences are related to changes

in population demographics across time.

2.4. Sampling Method

The intent of the sampling was to determine if the sizes of the four species
changed in the localities sampled since 1977. Even with this limited geographical
area, coral reef fishes have been shown to have a highly discontinuous and dy-
namic distribution. For this reason, past studies have suggested a host of differ-
ent sampling techiques, each having their strengths and weaknesses (Brock, 1982
[27]; Bortone et al, 1989 [28]; English et al, 1994 [29]; Cheal & Thompson, 1997
[30]; Thompson & Mapstone, 1997 [31]). We chose a sampling technique that
was best suited to our primary objective, which was to characterize the size dis-
tributions of the four species. To accomplish this, we employed a roving diver
(RD) technique that maximized the likelihood of encountering fish by eliminat-
ing searching in unsuitable habitats, such as large sand patches. RD surveys do
not permit an accurate measure of total area sampled, but this was not a concern
since we did not intend to compare fish population densities.

Each RD survey covered approximately 250 linear meters of reef habitat. The
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observer snorkeled along a circuitous path, avoiding large open sand patches
and maximizing observation time in high quality benthic habitat features that
are most frequently utilized by schools of the four species, primarily rubble piles
and live coral colonies. The observer snorkeled a path that eliminated the chance
of observing the same patch of habitat more than once during each survey. As
the observer encountered each group of fish, the number of individuals of each
species was recorded, along with the approximate body sizes of each individual.
We recorded all four species down to the smallest sizes at which species identifi-
cation was accurate, approximately 2 cm. We conducted between three and five
RD surveys per sampling location during each time period, depending upon the
amount of available habitat and weather conditions. For the purposes of data
analysis, we pooled all of the survey data from each location to make isl-
and-to-island comparisons.

All four species in this study occur in groups and frequently move within large
home ranges. Individual RD surveys were conducted so as to reduce the chance
of encountering the same group of fish more than once during a single survey,
and subsequent RD surveys in the same site were spread out by at least 200-m so
as to reduce the chance of recording the same group of fish in more than one
survey. It is possible that we occasionally did encounter the same group in more
than one of our RD surveys, but this was likely very rare.

More surveys were conducted in 2013/14 than in 1977 because two observers
were employed rather than one. Both observers in 2013/14 began their surveys
by standardizing their measurements. Comparisons were made of the RD survey
data of the two observers, both in Grand Cayman and Jamaica, and analyses
showed no significant differences in the sizes and relative abundances for each of

the four species between each observer’s samples.

2.5. Statistics

Because some of our data were not parametric, we used the two sample nonpa-
rametric Kolmogorov-Smirnov test (KS). We employed this test because central
tendencies (such as medians) may not give an accurate measure of the distribu-
tion differences. In some cases, where the KS test revealed differences, we also
used the Mann-Whitney U test to see if this distributional difference may have
been influenced by differences in the central tendencies. Second-order poly-
nomial trend lines were added to the graphed distributions in order to help vi-
sualize the size distributions for each species, in each location, and in each sam-

pling period.

3. Results

Figures 1-4 illustrate the size distributions of each of the 4 species samples in
1977 and 2013/14 in Jamaica and Grand Cayman as a percentage of the total
number of individuals for the species. In most cases on both islands, as antic-

ipated, we encountered more fish in our samples in 2013/14 than in 1977 because
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Figure 1. The percentage of individual stoplight parrotfish
recorded in Jamaica and Grand Cayman for each size category
and second order polynomial trend lines for each distribution.
On each panal are the total number of individuals (N) rec-

orded in 1977 (black bars and black trend line) and 2013/14
(grey bars and trend line).

of the additional sampling effort associated with employing two observers.
However, there were two interesting exceptions in the Grand Cayman surveys.
We observed 40% fewer stoplight parrotfish and nearly 90% fewer striped par-
rotfish in 2013/14 as compared to 1977, despite the increased sampling effort.

Comparing between Jamaican and Grand Cayman populations, there were no
significant differences in the size distributions of all 4 species in 1977, and only
one significant difference in 2013/14 (the striped parrotfish) (see Table 1). This
single detected difference in the striped parrotfish size distributions between Ja-
maica and Grand Cayman in 2013/14 was not strongly influenced by the central
tendencies of the two populations (Table 1: Mann-Whitney U Test: U = 2807.5,
p =0.54).

Comparing within islands (see Table 2), both the ocean surgeon and the blue
tang in Jamaica showed a significant change in their size distributions across the
36-year timespan, and the shifts were strongly influenced by changes in central
tendencies. In Jamaica, the blue tang declined in median size (Table 2:
Mann-Whitney U Test: U = 5363.00, p < 0.001) while the ocean surgeon in-
creased in median size (Table 2: Mann Whitney U Test: U = 19,082.5, p <
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Table 1. Comparison of the distributions between Jamaica and Grand Cayman with years
using Kolmogorov-Smirnov test and the Mann Whitney u-test. p values in bold indicates

significant differences.

Species KST Max. D p value MW-U p value
1977 Jamaica vs Grand
Cayman
Stoplight Parrot -0.39 >0.05
Striped Parrot +0.42 >0.05
Ocean Surgeon +0.41 >0.05
Blue Tang -0.47 >0.05
2013/14 Jamaica vs Grand
Cayman
Stoplight Parrot -0.43 >0.05
Striped Parrot 0.75 <0.005 2807.5 p=0.54
Ocean Surgeon 0.28 >0.05
Blue Tang 0.25 >0.05

Table 2. Comparison of the distributions across years for Jamaica and Grand Cayman
using Kolmogorov-Smirnov test and the Mann Whitney u-test. p values in bold indicate

significant differences.

Species KST Max. D p value MW-U p value

Jamaica: 1977 vs 2013/13

Stoplight Parrotfish 0.21 >0.05

Striped Parrotfish -0.25 >0.05
Ocean Surgeon -0.70 <0.025 19,082.00 <0.0001
Blue Tang -0.83 <0.001 5363.00 <0.0001

Grand Cayman: 1977 vs
2013/14
Stoplight Parrotfish 0.27 >0.05
Striped Parrotfish 0.42 >0.05
Ocean Surgeon —-0.67 <0.01 153,629.00 <0.15

Blue Tang -0.4 <0.001 35,497.00 <0.0001

0.001). Similarly, in Grand Cayman, the size distributions of the blue tang and
the ocean surgeon were significantly different between 1977 and 2013/14. The
change in blue tang population size distribution was strongly affected by median
size, with a highly significant downward shift in median size (Table 2: Mann
Whiney U Test: U = 35,497.00, p < 0.001). The significant change in ocean
surgeon size distribution was not as strongly influenced by central tendencies, as
the slight increase in median size in 2013/14 was not statistically significant
(Table 2: Mann Whitney U Test: U = 23,224.00, p = 0.15). There were no signif-
icant differences in the size distributions for the two parrotfish species across the
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Figure 2. The percentage of individual striped parrotfish rec-
orded in Jamaica and Grand Cayman for each size category
and second order polynomial trend lines for each distribution.
On each panal are the total number of individuals (N) rec-
orded in 1977 (black bars and black trend line) and 2013/14
(grey bars and trend line).

36-year timespan on either island.

4. Discussion

Hawkins & Roberts (2004 [6]) and others have argued that the intense “artisanal
fishing” (largely fish traps) was responsible for the relatively smaller fish sizes in
Jamaica compared to other Caribbean Islands. While there is evidence that the
fishes on coral reefs with higher fishing pressure tend to be smaller than those of
less-fished Caribbean Islands (e.g., Valles & Oxenford, 2014 [11]), few studies
have attempted to quantify changes over multiple decades. Here we report re-
sults of snapshot surveys in the shallow backreefs of Jamaica and Grand Cayman
spanning 36 years that provide no support for the general hypothesis that over-
fishing has caused shifts in population size demographics for four ecologically
and economically important algae-grazing species.

Our analyses did not support the prediction that body shape would influence
demographic shifts. The hypothesis stems from the notion that a particular mesh

size is more effective at capturing laterally compressed species than fusiform
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Ocean Surgeon Jamaica
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Figure 3. The percentage of individual ocean surgeons rec-
orded in Jamaica and Grand Cayman for each size category
and second order polynomial trend lines for each distribution.
On each panal are the total number of individuals (N) rec-
orded in 1977 (black bars and black trend line) and 2013/14
(grey bars and trend line).

species of the same total length. Across the 36 years that separating the two sur-
vey periods, we found no evidence on either island of changes to size distribu-
tions in the two fusiform species (the stoplight and striped parrot fishes). We
detected significant differences across the 36 years in the size distributions of
both laterally compressed species on both islands (blue tang and ocean surgeon).
The detected shifts in blue tang population size distributions were linked to sig-
nificant decreases in median body size on both islands which may suggest that
nets and traps removed larger individuals. However, the shifts in ocean surgeon
sizes showed the reverse of this trend. In Jamaica, there was a significant increase
in the median size of ocean surgeons and the same trend, though not significant,
was detected in Grand Cayman. It is unknown why ocean surgeon populations
would have increased in body size over the 36-year timespan.

It is unclear why despite doubling our sampling effort in 2013/2014 there was
a dramatic decline in the abundance of striped parrotfish, and to a lesser extent,
the stoplight parrotfish, in Grand Cayman. We were concerned that the reduced

sample sizes might introduce biases in the distributions but this seems unlikely
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Blue Tang Jamaica
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Figure 4. The percentage of individual blue tangs recorded in
Jamaica and Grand Cayman for each size category and second
order polynomial trend lines for each distribution. On each
panal are the total number of individuals (N) recorded in 1977
(black bars and black trend line) and 2013/14 (grey bars and
trend line).

because the striped parrotfish distributions are nearly identical to that of 1977
and they are similarly different from the Jamaican communities over both time
periods. The stoplight parrotfish Grand Cayman communities are also statisti-
cally similar in 2013/2014 and 1977 and are also similarly different from the Ja-
maican communities.

Again, while it was not our intent to consider changes in abundance, the se-
vere differences, especially for the striped parrotfish, deserves further attention.
It is interesting that the two laterally compressed species (ocean surgeonfish and
blue tang) were encountered in higher numbers on both islands in 2013/14 as
compared to 1977. Thus whatever was affecting the parrotfish did not influence
the ocean surgeons and blue tangs. Quite possibly there has been more fishing
pressure over than past 36 years in Grand Cayman than has been reported, thus
leading to the shifts in the numbers of individuals encountered in surveys. Par-
rotfishes are often a coveted target of recreational spear fishing, and perhaps
these data reflect a higher pressure from recreational spear fishing than has been

recognized. It remains unclear why the numbers of parrotfishes in Jamaica were
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not affected in the same way as Grand Cayman, but commercial fishing opera-
tions in Jamaica target by size and not by species, retaining virtually everything
captured that is 10-cm and greater (Hawkins & Roberts, 2004 [6]). Further work,
with a focus on abundance, should be directed at determining whether the de-
cline in the striped parrotfish and stoplight parrotfish is a a local phenomena or
island-wide.

Taken as a whole, our results fail to provide strong support for the notion that
populations in Jamaica have been more strongly affected by fishing pressure
than those in Grand Cayman. Statistical comparisons of the size distributions of
all four species in 1977 revealed no significant differences between Jamaican and
Grand Cayman populations. Similar results were found in comparisons in
2013/14, with the sole exception of the striped parrotfish, which was found to
differ in size distribution but not with regards to median body size. Visually in-
specting the relevant graphs (Figure 2), the significant differences between the
two island populations in 2013/14 seem to be most influenced by the higher re-
presentation of very small individuals (<10 c¢cm) in Jamaica as compared to
Grand Cayman, a trend that was also apparent in 1977.

One possibility is that past characterization of the “ancestral” Jamaica reef fish
communities, based on indirect methods of fishing effort and yield and/or relat-
ing the current communities to distant Caribbean islands, may have overesti-
mated the extent to which degradation has occurred or is continuing. In this case
Grand Cayman’s similarities to Jamaica regarding these four species may indi-
cate that the similar ecological settings may be the important components regu-
lating fish size (e.g., Wilson et a/, 2010).

This is the first study that compares algae-grazing population demographics
in the productive back reef habitats of Jamaica and Grand Cayman over a consi-
derable period of time. Although there are inherent limitations to “snapshot”
surveys of fish populations, they nonetheless are valuable in testing predictions
related to their long-term stability and viability. It would be ideal to have conti-
nuous scientific surveys employing the same sampling techniques over that same
timeframe but none exists.

Another limitation is that we were bound by the locations sampled in 1977.
Any attempt to expand the locations in 2013/2014 would likely incorporate fish
communities from other qualitatively different habitats (e.g., Mumby & Wabnitz
2001 [32]; Lara & Gonzalez 1998 [33]; Wilson et a/ 2010 [34]). Munro (2000
[22]) using fish traps to capture-recapture tagged fish in Discovery Bay, Jamaica,
observed that over a 3 year period, all of the four species considered here rarely
left the back reef habitat indicating a relatively stable population that likely con-
fined to a specific habitat/location. It remains uncertain if the addition of other
habitats would have changed the size distributions. In 2000, Klomp et a/ (2003
[10]) surveyed multiple sites on Jamaica’s North Coast in a two week time pe-
riod, largely in deeper water on the north coast fore reef. Although Klomp et al.

provided insufficient information to allow for size distributions comparisons,
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overall, the four herbivores considered here do resemble the sizes we recorded
from Jamaica in 2013-2014. Thus, at least for the communities we sampled, we
are relatively confident that our samples are a good representation of the size
distributions of these four important algae-grazing populations. Given the ca-
veats mentioned above, we conclude that our results do not support the hypo-
thesis that these four species of fish in Jamaica uniformly declined in size from
1977 to 2013/2014.
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