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Abstract
Macroalgae and filamentous turf algae (FTA) are abundant on degraded coral reefs, and

the reproductive responses of corals may indicate sub-lethal stress under these conditions.

The percentage of gametogenic stages (PGS) and the maximum diameter of eggs (MDE;

or egg size) ofOrbicella annularis were used to evaluate the effect of long- (7–10 months)

and short-term (2.5 months) FTA removal (treatments T1 and T2, respectively) at both the

beginning (May) and the end (August) of gametogenesis. Ramets (individual lobes of a col-

ony) surrounded by FTA (T3) or crustose coralline algae (CCA; T4) were used as controls.

The removal of FTA enhanced the development of gametes (i.e., a larger and higher per-

centage of mature gametes (PMG)) ofO. annularis for T1 vs. T3 ramets in May and T1 and

T2 vs. T3 ramets in August. Similar values of PGS and MDE between gametes from T3 and

T4 in both May and August were unexpected because a previous study had shown that the

same ramets of T4 (with higher tissue thickness, chlorophyll a cm-2 and zooxanthellae den-

sity and lower mitotic index values) were less stressed than ramets of T3. Evaluating coral

stress through reproduction can reveal more sensitive responses than other biological pa-

rameters; within reproductive metrics, PGS can be a better stress indicator than egg size.

The presence of turf algae strongly impacted the development of gametes and egg size

(e.g., PMG in ramets with FTA removal increased almost twofold in comparison with ramets

surrounded by FTA in August), most likely exerting negative chronic effects in the long run

due to the ubiquity and permanence of turf algae in the Caribbean. These algae can be con-

sidered a stressor that affects coral sexual reproduction. Although the effects of turf algae

onO. annularis are apparently less severe than those of other stressors, the future of this

species is uncertain because of the combined impacts of these effects, the decline of

O. annularis populations and the almost complete lack of recruitment.
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Introduction
Coral reefs are losing stony coral cover worldwide [1–6], and the space from which corals are
lost is overgrown by macroalgae, hindering coral re-establishment and thus replacing the cor-
als. Coral reefs in the Caribbean are among the most severely affected [7,8].

Assemblages of macroalgae and turf algae are associated with deleterious effects on corals,
such as reduction of photosynthetic yields of symbiotic microalgae [9], inhibition of recruit-
ment [10], reduction of the survivorship of juvenile corals [11], reduction in coral growth
[12,13], and increased tissue mortality [12,14,15]. These algae have also become disease vectors
[16]. In contrast, it is generally assumed that crustose coralline algae (CCA) have null or mini-
mal detrimental effects on corals [17–20].

Corals are also subjected to a series of stressors that affect their reproduction. These stressors
include bleaching, increases in water temperature, prolonged overcasts, decreases in seawater sa-
linity, suspended sediments, injuries, and water eutrophication [21–27]. The response patterns
of reproduction can be used as a sensitive indicator of sub-lethal stress [28,29] because coral re-
production appears to have a narrower tolerance to stress than other biological processes [23,30]
such as maintenance (respiration, feeding, defense) and growth (including tissue regeneration).

The assemblages of macroalgae and turf algae also stress corals [31,32] and can affect their
reproduction by reducing the diameter of eggs and the number of eggs formed in each mesen-
tery (usually called gonad) [33], suppressing coral fecundity [34,35], and decreasing the
amount of released larvae [36]. In contrast, the experimental removal of those algae can help
eliminate coral stress [32] promoting higher numbers of eggs, larger eggs, an increased number
of mesenteries with formed gametes (gonads) per polyp [33], and an increase in the number of
larvae released [36]. However, little is known about the effect of algal turfs on the development
of gametes of the most structurally important coral species on Caribbean reefs, including Acro-
pora palmata,Montastraea cavernosa, and the Orbicella annularis species complex [37–39].

The common Caribbean coral O. annularis is a hermaphroditic species with an annual re-
productive cycle that begins in May and ends in August-October with the release of gametes
[34,40]. Gamete formation is asynchronous; oocyte formation begins in May, and spermary
formation begins in June [34].

The aim of this study was to evaluate the effect of long- (7–10 months) and short-term
(2.5 months) removal of filamentous turf algae (FTA) on the development of gametes of
O. annularis at the beginning and the end of gametogenesis. Mats of FTA surrounding
O. annularis included 96 taxa and were ~8 mm in height, with abundant sediment (grain size
<0.3 mm) trapped within the mats [32]. The present study differs from [33] mainly because
we used histological (vs. dissecting) procedures to obtain our data. Our approach allowed us to
evaluate the development of gametes at different stages, and we included an additional algal as-
semblage (CCA) interacting with O. annularis.

Materials and Methods

Ethics Statement
The permit to collect O. annularis and FTA (DGOPA.10745.121009.3629) was furnished by
the Secretaría de Agricultura, Ganadería, Desarrollo Rural, Pesca y Alimentación (SAGARPA,
its acronym in Spanish).

Study area
The study site is part of the National Park Arrecifes de Xcalak (PNAX, its acronym in Spanish)
and is located off the Xahuayxol coast, in the southern part of Quintana Roo, Mexico (18°30’
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11.9”N, 87°45’ 24.8”W); it is located in the reef lagoon, near the breaker zone, at ~1.5 m depth.
Two types of settings for algal-coral interactions were observed inOrbicella annularis at the study
site: ramets surrounded by FTA and ramets bordered by CCA (see Figs. 1A and 1B in [32]).

Experimental design
Two experimental treatments (T) were established to evaluate the effects of long- and short-term re-
moval of FTA (T1 and T2, respectively) in ramets ofO. annularis at the beginning (May 25, 2010)
and the end (August 24, 2010) of gametogenesis. Long-term FTA removal was conducted for 7 to 10
months (with monthly algal removal fromOctober to December 2009 and algal removal every two
weeks from January to August 2010), and short-term FTA removal was conducted for 2.5 months
(with algal removal every two weeks). Ramets surrounded by FTA (T3) and surrounded by CCA
(T4) were used as controls (Fig. 1). The FTA removal consisted of manually clearing (with the aid of
a knife and wire brushes) an algal belt of ~3 cm width around the entire coral tissue periphery (> 40
cm) of the ramets (see Fig. 1C in [32]). The manual removal of FTA could have detrimental effects
(damaging coral tissue). Accordingly, the clearance (see Fig. 1C in [32]), performed by NPCN and
JEA, was made with great care, requiring many hours of diving. Additionally, we began by removing
FTA from twice the number of ramets needed for sampling (see below). At the end, only those ra-
mets showing the very least damage were selected for sampling. The effect of algal removal was not
separated, but unmeasured effects did not interfere with the detection of differences among experi-
mental treatments. In addition, the edge polyps ofO. annularis are more active in growth andmain-
tenance than in reproduction [34] and are less fecund [33] than those in the central part of the
ramets. Most likely, this difference would decrease the effect of manipulation on the reproductive
condition of fragments located� 7 cm from the periphery of the ramet (see below). The removal of
FTA surrounding ramets was performed in ramets within colonies ofO. annulariswith full repro-
ductive capacity (ramets> 100 cm2 in colonies> 300 cm2) according to the description in [41].
A transparent flexible plastic circle of 100 cm2, placed at the top of the ramets, was used to select
those whose area was greater than that of the circle.

The experimental design, which comprised four treatments, began on October 26, 2009
(month 0) and ended on August 24, 2010 (month 10) (Fig. 1): T1 consisted of long-term FTA
removal and ended in May (T1M, 7 months of removal) and August (T1A, 10 months of re-
moval) 2010. The T1 treatment was designed to evaluate the reproductive responses of the
coral to the removal of FTA at the beginning and the end of O. annularis gametogenesis. T2
consisted of FTA removal on a short-term basis (2.5 months; T2), which was performed in two
ramet groups, fromMarch to May (T2M) and from June to August (T2A) 2010, to evaluate the
reproductive condition at the beginning and the end of gametogenesis, respectively. The last
two treatments, involving O. annularis ramets surrounded by FTA (T3) and by CCA (T4),
were used as controls; both were collected in May (the beginning of gametogenesis; T3M and
T4M, respectively) and August (the end of gametogenesis; T3A and T4A, respectively) 2010
(Fig. 1). In total, 56 ramets (n = 7 ramets per treatment for each collecting date) from 12 colo-
nies per date (each colony containing ramets of one or more treatments) were collected; how-
ever, a total of 112 ramets, belonging to 24 colonies, were marked at the beginning of the study.
This approach was used as a precaution to ensure the availability of additional ramets during
the study in case of manipulation effects or natural disturbances. The colonies used to sample
ramets were at least 2 m distant from each other. For each treatment, the ramets were identified
using four different tags that were attached to the corals with plastic cable ties at the base of the
ramets, with stainless steel wire used to tie up the tags [32]. None of the tags or wires was in
contact with the coral tissue. Control ramets were tagged to verify that FTA and CCA contact
with the coral persisted throughout the experimental period. At the time of collection, each
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experimental ramet was chiseled underwater and fragmented into three parts. Two fragments
(portions representing 1/2 and 1/4 of each ramet) were used to evaluate other biological param-
eters of O. annularis as reported by [32], and the third fragment (1/4 part of each ramet) was
further chiseled underwater to collect coral pieces of ~5 cm2 obtained from the central upper
part of each ramet,� 7 cm distant from the ramet periphery. These specimens were stored in
10% formalin in seawater and transported to the Instituto de Investigaciones Oceanológicas
(IIO) of the Universidad Autónoma de Baja California (UABC) for histological analysis.

Sample processing
In the laboratory, coral fragments were cut with a hacksaw into 4 cm2 squares and rinsed with
filtered seawater. Clean fragments were immersed in Zenker solution for 18 h to strengthen the
coral tissue. The fragments were rinsed continuously for 7.5 h with a gentle flow of freshwater to
prevent damage to the tissue. The fragments were then immersed in a decalcifying solution of

Fig 1. Experimental design used forOrbicella annularis ramets, with four treatments. The experiment includedO. annularis ramets with filamentous turf
algae removal from their periphery (FTA removal), ramets surrounded by FTA (FTA presence), and ramets with coralline crustose algae surrounding coral
tissue (CCA presence). Experimental ramets were collected in May and August 2010 (arrows) to evaluate the development of gametes at the beginning (first
four rows of treatments) and the end (last four rows of treatments) ofO. annularis gametogenesis, respectively. Treatments: T1 = ramets with long-term FTA
removal during 7 and 10 months before the beginning (T1M) and the end (T1A) of gametogenesis, respectively; T2 = ramets with short-term FTA removal
during 2.5 months before the beginning (T2M) and the end (T2A) of gametogenesis; T3 = control ramets in permanent contact with FTA (T3M and T3A); and
T4 = control ramets permanently surrounded by CCA (T4M and T4A).

doi:10.1371/journal.pone.0117936.g001
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10% HCl for a period of no less than 5 h, and the solution was replaced several times during this
period. Later, the tissue was dehydrated in ethanol at various concentrations (70–100%), im-
mersed in Hemo-De, and finally embedded in paraffin (~ 20 h). Paraffin blocks were placed in a
manual rotary microtome to obtain longitudinal sections. For each sample, per treatment and
collection date (n = 56), we obtained 10 slides (560 slides in total) containing one ribbon
(a group of approximately 6 sections or cuttings of 7 μm in thickness). The distance between
each group of cuttings was greater than 250 μm to ensure that the information obtained was
from different polyps. The tissue was stained with Mallory-Heidenhain stain and fixed perma-
nently for subsequent observation. The sample processing was similar to that described by [42].

Permanent preparations were observed through stereoscopic and compound Olympus mi-
croscopes, and photomicrographs were obtained using an AxioCam in a Carl Zeiss microscope
and a Canon PowerShot G9 in an Olympus compound microscope. The stages of the male and
female gametes were recorded, and the maximum diameter of the eggs (i.e., egg size) was mea-
sured with a micrometer ruler. The mean percentage of developmental stages of gametes and
the maximum diameter of all the eggs found were calculated from at least 10 polyps (a polyp
per slide) of each sample per treatment at the beginning (~ 280 polyps) and the end (~ 280 pol-
yps) of gametogenesis. In May (when spermaries were absent), the percentage of each female
stage was obtained from the total number of oocytes observed in the samples, whereas in Au-
gust (with spermaries present), the percentage of the stages for both gametes was obtained
from the total oocytes and spermaries observed in the samples. For each oocyte, the stage of the
contiguous spermary was recorded.

Description of gametogenic stages ofO. annularis
The maturation stages of female and male gametes of Favia fragum described by [43] were
used to establish the gametogenic stages of O. annularis. We considered five maturation stages
for oocytes and four for spermaries. In oogenesis, Stage I presented small oocytes (17.8 ± 6.8
SD μm in diameter), oval and immersed mainly in the mesoglea, with little cytoplasm and a
blue nucleus (Fig. 2A). Stage II had larger oocytes (70.9 ± 19.9 μm in diameter) with evidence
of the onset of vitellogenesis. The nucleus and nucleolus were distinguished, and all structures
were stained blue except the nucleolus (reddish orange); at this stage, the oocytes were aligned
inside the mesenteries (Fig. 2B). Stage III oocytes were those that had the nucleus located in
their central portion and that had completed vitellogenesis. Stage IV presented reddish or
slightly bluish oocytes (275.4 ± 22.4 μm in diameter), with the nucleus migrating toward the
periphery, i.e., between the center and the periphery (Fig. 2C). Stage V showed reddish mature
eggs (323.0 ± 28.7 μm in diameter) and the nucleus on the periphery and showing a slight in-
dentation (Fig. 2D). In spermatogenesis, Stages I and II were the same as those described by
[43] for Favia fragum. Stage III had blue spermaries that contained spermatocytes surrounding
the periphery and with a large central cavity; the heads measured ~5 μm in diameter (Fig. 2E).
Stage IV presented reddish spermaries with mature spermatozoids that were homogeneously
distributed and with heads ~2 μm in diameter (Fig. 2F).

Statistical analyses
The mean percentage values of gamete stages found in May (oocytes = 100%) and August (oo-
cytes + spermaries = 100%) were subjected to a one-way permutational multivariate analysis of
variance (PERMANOVA; factor: treatment) using Type III (partial) sums of squares and unre-
stricted permutation of raw data on a Euclidean distance matrix with 999 permutations to as-
sess differences among treatments. A similarity percentage (SIMPER) analysis was used to
observe the contribution made to the dissimilarity among treatments by the percentage of

Effect of Turf Algae on Gametes ofOrbicella annularis

PLOSONE | DOI:10.1371/journal.pone.0117936 February 6, 2015 5 / 14



Fig 2. Orbicella annularis gametogenesis. A) Stage I oocyte located between the mesoglea (m) and the gastrodermis (g); B) Stage II oocyte; C) Stage IV
oocyte (next to a Stage III spermary); D) Stage V oocyte with nucleus (N) and nucleolus (red small circle) in its periphery; E) Stage III spermary with
spermatocytes surrounding its periphery; and F) Stage IV spermary with spermatocytes homogeneously distributed. Microphotographs: NP Cetz-Navarro.
Scales: A = 10 μm; B = 20 μm; C = 75 μm; D and E = 50 μm; F = 25 μm.

doi:10.1371/journal.pone.0117936.g002
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gamete stages. Both analyses were performed with the statistical software PRIMER 6 and PER-
MANOVA+ [44]. The mean values of the maximum diameter of the eggs at the beginning and
the end of gametogenesis were analyzed with a nonparametric Kruskal-Wallis test (factor:
treatment) because the data were not normally distributed (Shapiro-Wilk test); later, a Dunn’s
test was applied to compare the mean values for pairs of treatments.

Results

Percentage of gametogenic stages ofO. annularis at the beginning and
the end of the experimental period
The development of gametes ofO. annularis showed differences among treatments at the begin-
ning (PERMANOVA, Pseudo-F = 4.36, P-perm = 0.005) and at the end (Pseudo-F = 4.62, P-perm
= 0.004) of the experimental period (Fig. 3). At the beginning of gametogenesis (May), only female
gametes of Stages I and II were found. T1M (with long-term removal of FTA) showed a high per-
centage of Stage I oocytes, and Stage II oocytes were observed only in this treatment. In contrast,
T2M (with short-term removal of FTA) and T3M (with FTA bordering coral tissue throughout
the experimental period) showed a lower percentage of Stage I oocytes. T4M (with coral tissue
surrounded by CCA) yielded results similar to those of other treatments. Specifically, the percent-
ages of Stage I oocytes were similar to those in T1M, whereas no Stage II oocytes were observed
(this absence of Stage II oocytes was consistent with the findings for T2M and T3M). The ramets
in treatments with short-term algal removal (T2M) had oocyte development similar to the ramets
that were surrounded by FTA throughout the experimental period (T3M) (Fig. 3A). At the end of
gametogenesis (August), both female and male gametes were present: Stages IV and V of female
gametes and Stages III and IV of male gametes. Stage III of oocytes and Stages I and II of sperma-
ries were not observed in August, most likely because these stages developed between the two col-
lection dates. Ramets of T1A and T2A (with long- and short-term removal of FTA, respectively)
had a higher percentage of mature than of immature gametes, contrasting with the results for
gametes of ramets of T3A bordered by FTA; i.e., the ramets of T1A and T2A had a higher percent-
age of Stage V oocytes and Stage IV spermaries (both mature) and a lower percentage of Stage IV
oocytes and Stage III spermaries (both immature) than the gametes of ramets of T3A. An addi-
tional difference was found between T2A and T4A, namely, T4A showed higher percentages of
Stage IV oocytes and Stage III spermaries, both immature, than T2A (Fig. 3B).

Maximum diameter of eggs (oocytes) ofO. annularis at the beginning
and the end of gametogenesis
The maximum diameter of eggs (MDE) or egg size ofO. annularis showed differences among
treatments at the beginning (Kruskal-Wallis test, χ2 = 20.97, df = 3, P = 0.000) and at the end (χ2

= 18.92, df = 3, P = 0.000) of gametogenesis (Fig. 4). At the beginning of gametogenesis (May),
the MDE of T1 was larger than that of the oocytes of T2 and T3 (Dunn’s test, P< 0.05), whereas
the oocytes of T4 were similar in diameter to those in the other treatments (Fig. 4A). At the end
of gametogenesis (August), the MDE of T1 and T2 was larger than that of oocytes at T3 (Dunn’s
test, P< 0.05), whereas the MDE of T4 was similar to that of the other treatments (Fig. 4B).

Discussion
The removal of FTA from the periphery of Orbicella annularis tissue allowed a better develop-
ment of gametes in terms of the MDE and PGS of oocytes, most likely because the stress was re-
duced when the FTA were removed [32,33], allowing the coral to re-allocate more resources to
reproduction. Ramets subjected to long- (T1 in May and August) and short (T2 in August)-
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term removal of algae had larger eggs and a higher percentage of mature gametes (PMG) than
ramets that were surrounded by FTA throughout the experimental period (T3). In contrast, ra-
mets with FTA, having smaller eggs and lower PMG, most likely diverted resources from repro-
duction to maintenance, including the defense of polyps that were interacting with the algae
[33] in the peripheral part of the ramets. A decrease in egg size, as produced in the presence of
FTA, also occurs when other stressors affect corals. Such stressors include bleaching [45], in-
creased seawater temperatures due to El Niño events [42], nutrient enrichment of seawater
[46,47], and sewage pollution [48]. If O. annularis egg size is more sensitive (than the number of
eggs per mesentery and the number of mesenteries with eggs per polyp) to sub-lethal stress
caused by algal presence [33], then the ramets of T1 represent the lowest stress condition caused
by FTA removal. A similar reduction in stress condition was also registered in terms of PGS,
with a higher development of gametes in the ramets of T1. Nevertheless, the PGS is proposed
here as a better estimator of sub-lethal algal stress than egg size because the PGS revealed differ-
ences between treatments (T2 vs. T4 in August) not detected by the analysis of egg size.

Fig 3. Mean percentage values of gamete stages ofOrbicella annularis during gametogenesis. A)
Gamete stages found in May, the beginning of gametogenesis: Stage I oocytes (SI o) + Stage II oocytes (SII
o) = 100%, and B) gamete stages found in August, the end of gametogenesis: Stage IV oocytes (SIV o) +
Stage V oocytes (SV o) + Stage III spermaries (SIII s) + Stage IV spermaries (SIV s) = 100%. Treatments: T1)
ramets with long-term removal of FTA, T2) ramets with short-term removal of FTA, T3) control ramets always
surrounded by FTA, and T4) control ramets always surrounded by CCA. Lower-case letters (a-b for May, and
a-b and c-d for August) above pair of bars indicate treatments that were significantly different (P� 0.005). n =
7 collected ramets per treatment on each date.

doi:10.1371/journal.pone.0117936.g003
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The response of gametes in ramets bordered by CCA (T4), with oocyte size and PGS similar
to the ramets of T3, was unexpected because the same ramets were less stressed when the stress
was evaluated through tissue thickness, chlorophyll a per square centimeter, zooxanthellae den-
sity, and mitotic index [32]. CCA presence in coral reefs is generally considered beneficial [17–
20,32]; nevertheless, some CCA can overgrow recruits, eliminate recruits by sloughing of outer
cell layers [17,49,50], and overgrow adult corals [51,52]. Because we marked the reproductively
mature ramets with a plastic cable tie at their base for use as a reference point for measuring the
distance to the periphery of the coral tissue, we consider that the overgrowth of coral tissue was
null or negligible, most likely because the ramets were sufficiently large to avoid overgrowth by
CCA [53]. However, the responses of the ramets surrounded by CCA, similar to the ramets with

Fig 4. Mean values ± SD of the maximum diameter of eggs ofOrbicella annularis during
gametogenesis. A) Egg size at the beginning (May) of gametogenesis, and B) egg size at the end (August)
of gametogenesis. Treatments: T1) ramets with long-term removal of FTA, T2) ramets with short-term
removal of FTA, T3) control ramets always surrounded by FTA, and T4) control ramets always surrounded by
CCA. Lower-case letters (a-b) above pair of bars indicate treatments that were significantly different (P =
0.000). n = 7 collected ramets per treatment on each date.

doi:10.1371/journal.pone.0117936.g004
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FTA (but also similar to the ramets with FTA removal), suggest that the crustose algae had un-
known negative effects on the reproductive performance of O. annularis. Accordingly, our re-
sults indicate that assessing sub-lethal algal stress through coral reproduction metrics (e.g., [33],
this study) is a more sensitive method than the use of other [32] biological parameters; also, to
focus on the negative effects of stress on reproduction can be more relevant to the research ques-
tions because these effects impact the fitness of O. annularis.

The effect of FTA removal on the development of gametes, both in terms of MDE and in
terms of PGS, differed between short- and long-term removal in May but not in August. In
May, only one of seven ramets surrounded by FTA (T3) presented eggs (Stage I oocytes), but
all ramets with long-term removal of FTA (T1) had eggs. These results were similar to the find-
ings of [54], who, in May, found no oocytes in O. annularis colonies stressed by bleaching, un-
like unstressed colonies, which exhibited oocytes. The beneficial effect of FTA removal (T1 and
T2) on reproduction occurs before the spawning of gametes in August, at 2.5 months or, most
likely, before that time, as previously observed in relationship to the reduction of stress on
O. annularis in terms of fecundity [33] and other biological parameters [32]. The relatively
rapid recovery of gamete development after the removal of the stressing FTA in August con-
trasts with the long-lasting or severe negative effects on reproduction caused by the stress of
coral bleaching and other stressors. For example, corals affected by bleaching events can show
a lack of sexual reproduction after 1.5 years [55], although the susceptibility to bleaching is spe-
cies-specific, as observed in the percentage of mortality of bleached gravid colonies of two
Acropora species [24]. Similarly, coral tissue infection by diseases was found to prevent the for-
mation of eggs in O. faveolata [30], and it has been suggested that an El Niño event prevented
the formation of mature stages of gametes in Pocillopora damicornis for over a year [42]. In the
case of O. annularis, [54] reported that bleaching stopped gametogenesis, and subsequent stud-
ies showed that some colonies continued to show reproductive failure even one year after a
bleaching event; after two years, small mesenteries with eggs were still produced [56].

The relatively rapid relaxation of negative effects on gamete development after the removal
of FTA in August suggests that the negative effects of these algal assemblages on coral repro-
duction have only a short-term impact. Our results agree with those [33] reporting the benefi-
cial effect of short-term removal of turf+macroalgae on the fecundity of O. annularis.
However, turf algae and macroalgae are most likely involved in long-term, chronic, deleterious
impacts on coral reproductive responses due to their increased abundance and ubiquity during
recent decades in the Caribbean [8,57–60], which would promote the frequency and duration
of coral-algal interactions [12]. In these interactions, algae can play significant roles and affect
corals through several mechanisms, e.g., overgrowth, shading, allelopathy, smothering and
burial of coral tissue [31,32,61]. Notably, algal cover has increased at the same pace at which
the population of O. annularis has declined in different areas of the Caribbean in recent de-
cades [62–68]. The stress on coral reproductive parameters caused by the presence of FTA and
macroalgae ([33–36], this study) could be included in the long-term stressors that are
compromising the presence of O. annularis in this region.

If spawning of O. annularis occurs 6 to 8 days after the full moons of August-October
[34,40], and if we consider that we collected ramets the day of the full moon of August 24, a few
days before a potential spawning event, the ramets that had gametes with the highest probability
of fertilization success were those with FTA removal (T1 and T2). The percentage of mature
gametes in these treatments was, on average, almost double (83% of Stage V oocytes and 72% of
Stage IV spermaries) that of those ramets surrounded by FTA (44% of Stage V oocytes and 45%
of Stage IV spermaries). Low PMG in the ramets of O. annularis surrounded by FTA may indi-
cate that they could produce two spawning events (in August and September) by extending
their oogenesis and spermatogenesis. Nothing is known about detrimental effects of algae
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during temporal extensions of coral gametogenesis. However, other stressors affect reproductive
effort in corals. For example, when Porites porites colonies were stressed by eutrophication, their
reproductive season was 1 to 2 months longer than at relatively unpolluted sites; however, their
reproductive effort (in terms of number of larvae per area of coral tissue) was lower than in colo-
nies from unpolluted sites [22]. Alternatively, O. annularis ramets surrounded by FTA could
show only one spawning event, in August, with the remnant gametes being resorbed.

In summary, the negative effects on gamete development due to the stress produced by FTA
in O. annularis is similar to, although apparently less severe than, other stressors affecting cor-
als. Thus, algae, primarily under the deteriorating conditions of Caribbean coral reefs, are
added to the series of stressors (bleaching, increases in water temperature, diseases, suspended
sediment in water, pollution and eutrophication) that can affect the sexual reproduction of her-
matypic corals. Low recruitment of the O. annularis species complex has been reported
throughout the Caribbean [37,69,70] and has been virtually absent at certain sites over several
years of observation [64,65,71]. For this reason, it has been suggested that O. annularis popula-
tions will continue declining and will not recover because recruitment is low [66] or that their
recovery will take a century or more [64]. Considering that O. annularis populations are declin-
ing, that several stressors, including algae, are stressing the remaining colonies and limiting
their sexual reproduction, and that their recruitment is low or nonexistent, the future scenario
for the reef builder O. annularis species complex in the Caribbean appears uncertain.

Acknowledgments
We thank the staff of PNAX for providing facilities; JA Batún-Catzín and DI de la Cruz-Gaitán,
for field assistance; P Rodríguez-Troncoso, for her advice to process samples; DI de la Cruz-Gai-
tán, RP Durazo-Rodríguez and I Arroyo-Mirón, for assistance in the laboratory; JA Zertuche-
González, I Pacheco-Ruiz and JM Guzmán-Calderón, for providing laboratory facilities; A Gál-
vez-Téllez, for his advice in obtaining photomicrographs; R Escobar-Fernández, for logistical help;
and DA Villamil-Navarro, for elaborating Fig. 2. Special thanks to SCA Ferse and two anonymous
reviewers for their valuable comments that improved the final version of the manuscript.

Author Contributions
Conceived and designed the experiments: NPCN JEA. Performed the experiments: NPCN JEA.
Analyzed the data: NPCN EJCI JEA GCB. Contributed reagents/materials/analysis tools:
NPCN EJCI JEA GCB. Wrote the paper: NPCN EJCI JEA GCB.

References
1. Bruno JF, Selig ER (2007) Regional decline of coral cover in the Indo-Pacific: Timing, extent, and sub-

regional comparisons. PLoS ONE 2(8): e711. PMID: 17684557

2. Cvitanovic C, Bellwood D (2009) Local variation in herbivore feeding activity on an inshore reef of the
Great Barrier Reef. Coral Reefs: 127–133.

3. Barott K, Williams G, Vermeij M, Harris J, Smith J, et al. (2012) Natural history of coral-algae competi-
tion across a gradient of human activity in the Line Islands. Mar Ecol Prog Ser 460: 1–12.

4. Cramer KL, Jackson JBC, Angioletti CV, Leonard-Pingel J, Guilderson TP (2012) Anthropogenic mor-
tality on coral reefs in Caribbean Panama predates coral disease and bleaching. Ecol Lett 15:
561–567. doi: 10.1111/j.1461-0248.2012.01768.x PMID: 22462739

5. De’ath G, Fabricius KE, Sweatman H, Puotinen M (2012) The 27–year decline of coral cover on the
Great Barrier Reef and its causes. Proc Nat Acad Sci 109: 17995–17999. doi: 10.1073/pnas.
1208909109 PMID: 23027961

6. Hongo C, Yamano H (2013) Species-specific responses of corals to bleaching events on anthropogen-
ically turbid reefs on Okinawa Island, Japan, over a 15-year period (1995–2009). PLoS ONE 8(4):
e60952. doi: 10.1371/journal.pone.0060952 PMID: 23565291

Effect of Turf Algae on Gametes ofOrbicella annularis

PLOSONE | DOI:10.1371/journal.pone.0117936 February 6, 2015 11 / 14

http://www.ncbi.nlm.nih.gov/pubmed/17684557
http://dx.doi.org/10.1111/j.1461-0248.2012.01768.x
http://www.ncbi.nlm.nih.gov/pubmed/22462739
http://dx.doi.org/10.1073/pnas.1208909109
http://dx.doi.org/10.1073/pnas.1208909109
http://www.ncbi.nlm.nih.gov/pubmed/23027961
http://dx.doi.org/10.1371/journal.pone.0060952
http://www.ncbi.nlm.nih.gov/pubmed/23565291


7. Gardner TA, Côté IM, Gill JA, Grant A, Watkinson AR (2003) Long-term region-wide declines in Carib-
bean corals. Science 301: 958–960. PMID: 12869698

8. Pandolfi JM, Bradbury RH, Sala E, Hughes TP, Bjorndal KA, et al. (2003) Global trajectories of the
long-term decline of coral reef ecosystems. Science 301: 955–958. PMID: 12920296

9. Hauri C, Fabricius KE, Schaffelke B, Humphrey C (2010) Chemical and physical environmental condi-
tions underneath mat- and canopy-forming macroalgae, and their effects on understorey corals. PLoS
ONE 5(9): e12685. doi: 10.1371/journal.pone.0012685 PMID: 20856882

10. Kuffner IB, Walters LJ, Becerro MA, Paul VJ, Ritson-Williams R, et al. (2006) Inhibition of coral recruit-
ment by macroalgae and cyanobacteria. Mar Ecol Prog Ser 323: 107–117.

11. Box SJ, Mumby PJ (2007) Effect of macroalgal competition on growth and survival of juvenile Caribbe-
an corals. Mar Ecol Prog Ser 342: 139–149.

12. Lirman D (2001) Competition between macroalgae and corals: effects of herbivore exclusion and in-
creased algal biomass on coral survivorship and growth. Coral Reefs 19: 392–399.

13. River GF, Edmunds PJ (2001) Mechanisms of interaction between macroalgae and scleractinians on a
coral reef in Jamaica. J Exp Mar Biol Ecol 261: 159–172. PMID: 11399272

14. Jompa J, McCook LJ (2002) Effects of competition and herbivory on interactions between a hard coral
and a brown alga. J Exp Mar Biol Ecol 271: 25–39.

15. Jompa J, McCook LJ (2003) Contrasting effects of turf algae on corals: massive Porites spp. are unaf-
fected by mixed-species turfs, but killed by the red alga Anotrichium tenue. Mar Ecol Prog Ser 258:
79–86.

16. Nugues MM, Smith GW, Hooidonk RJ, Seabra MI, Bak RPM (2004) Algal contact as a trigger for coral
disease. Ecol Lett 7: 919–923.

17. Harrington L, Fabricius K, De’Ath G, Negri A (2004) Recognition and selection of settlement substrata
determine post-settlement survival in corals. Ecology 85: 3428–3437.

18. Vermeij MJA, Sandin SA (2008) Density-dependent settlement and mortality structure the earliest life
phases of a coral population. Ecology 89: 1994–2004. PMID: 18705385

19. Barott K, Smith J, Dinsdale E, Hatay M, Sandin S, et al. (2009) Hyperspectral and physiological analy-
ses of coral-algal interactions. PLoS ONE 4(11): e8043. doi: 10.1371/journal.pone.0008043 PMID:
19956632

20. Fong P, Paul VJ (2011) Coral Reef Algae. In: Dubinsky Z, Stambler N, editors. Coral Reefs: An Ecosys-
tem in Transition. Springer, Netherlands. pp. 241–272.

21. Jokiel PL (1985) Lunar periodicity of planula release in the reef coral Pocillopora damicornis in relation
to various environmental factors. Proc 5th Int Coral Reef Symp 4: 307–312.

22. Tomascik T, Sander F (1987) Effects of eutrophication on reef-building corals. III. Reproduction of the
reef-building coral Porites porites. Mar Biol 94: 77–94.

23. Oren U, Benayahu Y, Lubinevsky H, Loya Y (2001) Colony integration during regeneration in the stony
coral Favia favus. Ecology 82: 802–813.

24. Baird AH, Marshall PA (2002) Mortality, growth and reproduction in scleractinian corals following
bleaching on the Great Barrier Reef. Mar Ecol Prog Ser 237: 133–141.

25. Negri A, Marshall P, Heyward A (2007) Differing effects of thermal stress on coral fertilization and early
embryogenesis in four Indo Pacific species. Coral Reefs 26: 759–763.

26. Humphrey C, Weber M, Lott C, Cooper T, Fabricius K (2008) Effects of suspended sediments, dis-
solved inorganic nutrients and salinity on fertilisation and embryo development in the coral Acropora
millepora (Ehrenberg, 1834). Coral Reefs 27: 837–850.

27. Harrison PL (2011) Sexual reproduction of scleractinian corals. In: Dubinsky Z, Stambler N, editors.
Coral Reefs: An Ecosystem in Transition. Springer, Netherlands. pp. 59–85.

28. Harrison PL, Wallace CC (1990) Reproduction, dispersal and recruitment of scleractinian corals. In:
Dubinsky Z, editor. Ecosystems of the World; Coral Reefs. Elsevier, Amsterdam. pp. 133–207.

29. Kojis BL, Quinn NJ (1984) Seasonal and depth variation in fecundity of Acropora palifera at two reefs in
Papua New Guinea. Coral Reefs 3: 165–172.

30. Weil E, Cróquer A, Urreiztieta I (2009) Yellow band disease compromises the reproductive output of
the Caribbean reef-building coralMontastraea faveolata (Anthozoa, Scleractinia). Dis Aquat Org 87:
45–55. doi: 10.3354/dao02103 PMID: 20095240

31. Quan-Young LI, Espinoza-Avalos J (2006) Reduction of zooxanthellae density, chlorophyll a concen-
tration, and tissue thickness of the coralMontastraea faveolata (Scleractinia) when competing with
mixed turf algae. Limnol Oceanogr 51: 1159–1166.

Effect of Turf Algae on Gametes ofOrbicella annularis

PLOSONE | DOI:10.1371/journal.pone.0117936 February 6, 2015 12 / 14

http://www.ncbi.nlm.nih.gov/pubmed/12869698
http://www.ncbi.nlm.nih.gov/pubmed/12920296
http://dx.doi.org/10.1371/journal.pone.0012685
http://www.ncbi.nlm.nih.gov/pubmed/20856882
http://www.ncbi.nlm.nih.gov/pubmed/11399272
http://www.ncbi.nlm.nih.gov/pubmed/18705385
http://dx.doi.org/10.1371/journal.pone.0008043
http://www.ncbi.nlm.nih.gov/pubmed/19956632
http://dx.doi.org/10.3354/dao02103
http://www.ncbi.nlm.nih.gov/pubmed/20095240


32. Cetz-Navarro NP, Espinoza-Avalos J, Hernández-Arana HA, Carricart-Ganivet JP (2013) Biological re-
sponses of the coralMontastraea annularis to the removal of filamentous turf algae. PLoS ONE 8(1):
e54810. doi: 10.1371/journal.pone.0054810 PMID: 23372774

33. Foster NL, Box SJ, Mumby PJ (2008) Competitive effects of macroalgae on the fecundity of the reef-
building coralMontastraea annularis. Mar Ecol Prog Ser 367: 143–152.

34. Szmant AM (1991) Sexual reproduction by the Caribbean reef coralsMontastrea annularis andM.
cavernosa. Mar Ecol Prog Ser 74: 13–25.

35. Hughes TP, Rodrigues MJ, Bellwood DR, Ceccarelli D, Hoegh-Guldberg O, et al. (2007) Phase shifts,
herbivory, and the resilience of coral reefs to climate change. Curr Biol 17: 360–365. PMID: 17291763

36. Tanner JE (1995) Competition between scleractinian corals and macroalgae: an experimental investi-
gation of coral growth, survival and reproduction. J Exp Mar Biol Ecol 190: 151–168.

37. Rogers CS, Muller EM, Spitzack A, Miller J (2008) The future of coral reefs in the US Virgin Islands: Is
Acropora palmatamore likely to recover thanMontastraea annularis complex? Proc 11th Int Coral Reef
Symp 7: 226–230.

38. Alvarez-Filip L, Dulvy NK, Gill JA, Côté IM, Watkinson AR (2009) Flattening of Caribbean coral reefs:
region-wide declines in architectural complexity. Proc R Soc Biol Sci Ser B 276: 3019–3025. doi: 10.
1098/rspb.2009.0339 PMID: 19515663

39. Edmunds P, Ross C, Didden C (2011) High, but localized recruitment ofMontastraea annularis complex
in St. John, United States Virgin Islands. Coral Reefs 30: 123–130.

40. Van veghel MLJ (1994) Reproductive characteristics of the polymorphic Caribbean reef building coral
Montastrea annularis. I. Gametogenesis and spawning behavior. Mar Ecol Prog Ser 109: 209–219.

41. Szmant-Froelich A (1985) The effect of colony size on the reproductive ability of the Caribbean coral
Montastrea annularis. Proc 5th Int Coral Reef Symp 4: 295–300.

42. Rodríguez-Troncoso AP, Carpizo-Ituarte E, Leyte-Morales GE, Chi-Barragán G, Tapia-Vázquez O
(2011) Sexual reproduction of three coral species from the Mexican South Pacific. Mar Biol 158:
2673–2683.

43. Szmant-Froelich A, Reutter M, Riggs L (1985) Sexual reproduction of Favia fragum (Esper): lunar pat-
terns of gametogenesis, embryogenesis and planulation in Puerto Rico. Bull Mar Sci 37: 880–892.

44. Anderson MJ, Gorley RN, Clarke KR (2008) PERMANOVA+ for PRIMER: Guide to software and statis-
tical methods. Plymouth: PRIMER-E Ltd. 214 p.

45. Sudek M, Aeby GS, Davy SK (2012) Localized bleaching in Hawaii causes tissue loss and a reduction
in the number of gametes in Porites compressa. Coral Reefs 31: 351–355.

46. Ward S, Harrison P (2000) Changes in gametogenesis and fecundity of acroporid corals that were ex-
posed to elevated nitrogen and phosphorus during the ENCORE experiment. J Exp Mar Biol Ecol 246:
179–221. PMID: 10713277

47. Cox EF, Ward S (2002) Impact of elevated ammonium on reproduction in two Hawaiian scleractinian
corals with different life history patterns. Mar Pollut Bull 44: 1230–1235. PMID: 12523521

48. Armoza-Zvuloni R, Kramarsky-Winter E, Rosenfeld H, Shore LS, Segal R, et al. (2012) Reproductive
characteristics and steroid levels in the scleractinian coralOculina patagonica inhabiting contaminated
sites along the Israeli Mediterranean coast. Mar Pollut Bull 64: 1556–1563. doi: 10.1016/j.marpolbul.
2012.05.020 PMID: 22743234

49. Ritson-Williams R, Arnold SN, Fogarty ND, Steneck RS, Vermeij MJA, et al. (2009). New perspectives
on ecological mechanisms affecting coral recruitment on reefs. Smithsonian Contributions to the Ma-
rine Sciences 38: 437–457.

50. Buenau KE, Price NN, Nisbet RM (2012) Size dependence, facilitation, and microhabitats mediate
space competition between coral and crustose coralline algae in a spatially explicit model. Ecol Model
237– 238: 23–33.

51. Antonius A (2001) Pneophyllum conicum, a coralline red alga causing coral reef-death in Mauritius.
Coral Reefs 19: 418.

52. Benzoni F, Basso D, Caragnano A, Rodondi G (2011)Hydrolithon spp. (Rhodophyta, Corallinales)
overgrow live corals (Cnidaria, Scleractinia) in Yemen. Mar Biol 158: 2419–2428.

53. Buenau KE, Price NN, Nisbet RW (2011) Local interactions drive size dependent space competition be-
tween coral and crustose coralline algae. Oikos 120: 941–949.

54. Szmant AM, Gassman NJ (1990) The effects of prolonged “bleaching” on the tissue biomass and repro-
duction of the reef coralMontastrea annularis. Coral Reefs 8: 217–224.

55. Ward S, Harrison P, Hoegh-Gulberg O (2002) Coral bleaching reduced reproduction of scleractinian
corals and increases their susceptibility to future stress. Proc 9th Int Coral Reef Symp 2: 1123–1128.

Effect of Turf Algae on Gametes ofOrbicella annularis

PLOSONE | DOI:10.1371/journal.pone.0117936 February 6, 2015 13 / 14

http://dx.doi.org/10.1371/journal.pone.0054810
http://www.ncbi.nlm.nih.gov/pubmed/23372774
http://www.ncbi.nlm.nih.gov/pubmed/17291763
http://dx.doi.org/10.1098/rspb.2009.0339
http://dx.doi.org/10.1098/rspb.2009.0339
http://www.ncbi.nlm.nih.gov/pubmed/19515663
http://www.ncbi.nlm.nih.gov/pubmed/10713277
http://www.ncbi.nlm.nih.gov/pubmed/12523521
http://dx.doi.org/10.1016/j.marpolbul.2012.05.020
http://dx.doi.org/10.1016/j.marpolbul.2012.05.020
http://www.ncbi.nlm.nih.gov/pubmed/22743234


56. Mendes JM, Woodley JD (2002) Effect of the 1995–1996 bleaching event on polyp tissue depth,
growth, reproduction and skeletal band formation inMontastraea annularis. Mar Ecol Prog Ser 235:
93–102.

57. Bak RPM, Nieuwland G (1995) Long-term change in coral communities along depth gradients over
Leeward Reefs in the Netherlands Antilles. Bull Mar Sci 56: 609–619.

58. Blackwood J, Hastings A, Mumby P (2012) The effect of fishing on hysteresis in Caribbean coral reefs.
Theor Ecol 5: 105–114.

59. Kramer PA (2003) Synthesis of coral reef health indicators for the western Atlantic: Results of the
AGRRA program (1997–2000). Atoll Res Bull 496: 1–57.

60. Wilkinson C, Nowak M, Miller I, Baker V (2013) Status of Caribbean coral reefs in seven countries in
1986. Mar Pollut Bull 70: 7–9. doi: 10.1016/j.marpolbul.2013.02.040 PMID: 23602263

61. McCook LJ, Jompa J, Diaz-Pulido G (2001) Competition between corals and algae on coral reefs: a re-
view of evidence and mechanisms. Coral Reefs 19: 400–417.

62. Dustan P, Halas JC (1987) Changes in the reef-coral community of Carysfort Reef, Key Largo, Florida:
1974 to 1982. Coral Reefs 6: 91–106.

63. Hughes TP (1994) Catastrophes, phase shifts, and large-scale degradation of a Caribbean coral reef.
Science 265: 1547–1551. PMID: 17801530

64. Hughes TP, Tanner JE (2000) Recruitment failure, life histories, and long-term decline of Caribbean
corals. Ecology 81: 2250–2263.

65. Bruckner AW, Bruckner RJ (2006) The recent decline ofMontastraea annularis (complex) coral popula-
tions in western Curaçao: a cause for concern? Rev Biol Trop 54: 45–58.

66. Edmunds PJ, Elahi R (2007) The demographics of a 15-year decline in cover of the Caribbean reef
coralMontastraea annularis. Ecol Monogr 77: 3–18.

67. Pante E, King A, Dustan P (2008) Short-term decline of a Bahamian patch reef coral community: Rain-
bow Gardens Reef 1991–2004. Hydrobiologia 596: 121–132.

68. Miller J, Muller E, Rogers C, Waara R, Atkinson A, et al. (2009) Coral disease following massive bleach-
ing in 2005 causes 60% decline in coral cover on reefs in the US Virgin Islands. Coral Reefs 28:
925–937.

69. Bak RPM, Engel MS (1979) Distribution, abundance and survival of juvenile hermatypic corals (Scler-
actinia) and the importance of life history strategies in the parent coral community. Mar Biol 54:
341–352.

70. Szmant AM,Weil E, Miller MW, Colón DE (1997) Hybridization within the species complex of the scler-
actinian coralMontastraea annularis. Mar Biol 129: 561–572.

71. Porter JW, Meier OW (1992) Quantification of loss and change in Floridian reef coral populations. Am
Zool 32: 625–640.

Effect of Turf Algae on Gametes ofOrbicella annularis

PLOSONE | DOI:10.1371/journal.pone.0117936 February 6, 2015 14 / 14

http://dx.doi.org/10.1016/j.marpolbul.2013.02.040
http://www.ncbi.nlm.nih.gov/pubmed/23602263
http://www.ncbi.nlm.nih.gov/pubmed/17801530


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


