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Abstract: In this study, the rates of tissue regeneration and recovery from injuries that emulated the bites of
either butterfly or parrotfish on colonies of Montastraea annularis exposed to different sedimentation regimesp
were determined. Two small reef patches were chosen close to key Dos Mosquises, north of the Venezuelan
mainland. Sixteen colonies (8 treatments + a single replicate) were artificially damaged at each patch and their
recovery was monitored for three months by photographic means. The lesions were inflicted using two different
techniques: scratching the polyps with a hard-nylon brush to resemble parrotfish (Scaridae) damages (Lesions
Type 1) or jetting out the tissue with a syringe to simulate butterflyfish (Chaetondontidae) bites (Lesions Type
2). The diameter of the wounds ranged from 5 (small lesion) to 8 cm (large lesions) and both kinds were inflict-
ed on the top and bottom of the colonies, with a single replicate for each treatment. The main factors affecting
the recovery of the colonies’surface were lesion features (type, position and size), turbidity and chiefly, the sed-
imentation rate. While lesion recovery was slow where sedimentation and resuspension rates were high, tissue
regeneration was improved under low sedimentation and resuspension conditions. Moreover, lesions located at
the bottom of colonies regenerated completely, whereas sediments frequently covered top lesions and limited
their recovery. More than 60% of the colonies with small lesions recovered almost completely in less than 90
days, whereas those with larger injuries frequently showed extensions of their damage and increased mortality.
Tissue-only lesions (LT2) regenerated two to three times faster than those involving both tissue and skeletal
damage (LT1).Other variables not controlled in this syudy, such as diseases, encrusting organisms overgrowth
and herbivory introduced further variability to the regeneration rates.
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During the last two decades the trend of
worldwide degradation of coral reefs has
been related to habitat loss and overexploita-
tion of their resources, as well as to natural
disturbances such as hurricanes (Loya 1976,
Brown 1987, 1990) and global warming
(Harvell et al. 1999).  The current decline of
coral reefs has also been related to direct
damages caused by anchors, grounding and

mechanical extraction of reef organisms, all
of which may particularly affect scleractinean
corals. These damages has been classified
into two main groups: (1) Tissue removal, and
(2) Skeleton and tissue loss.  The morphology
of these colonial organisms allows for the
partial loss of their modules whereas the
polyps can survive and subsequently regener-
ate (Reusik 1997).
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The study of lesion recovery in corals is a
relatively new aspect of coral reefs science; most
of the research done on this subject has been car-
ried out in Curacao (Bak et al. 1977, Bak and
Van Es 1980, Bak 1983, Meesters and Bak 1993,
1995, Meesters et al. 1994, 1996, 1997,
Nagelkerken and Bak, 1998), Panama (Guzmán
et al. 1994), Florida (Hayes and Bush 1990), the
Red Sea (Oren et al. 1998) and Australia (Hall
1997). Only few studies that have focused on
environmental factors as regulators of tissue
regeneration processes have been performed.
For instance, Lester and Bak (1985) studied the
e ffects of environment in tissue regeneration on
the reef-building coral Montastraea annularis
(Ellis and Solander 1786). More recently Wo e s i k
(1998) compared the lesion healing capability in
Porites lutea and P. lobata corals from Japan,
but he found no differences in tissue regenera-
tion between these two species.      

Like in many other Western Atlantic loca-
tions, M. annularis, Montastraea  faveolata
and Montastraea franksi are conspicuously
predominant at Los Roques National Park
coral reefs. Due to its phenotypic plasticity,
high reproductive fitness and competition abil-
ities, the first species is widely distributed and
can be easily found in reef patches and form-
ing both, fringing and barrier reefs, covering a
wide range of depths (Foster 1979, Weil and
Knowlton 1994, Van Veguel et al. 1996,
Knowlton et al. 1997). Even though the Los
Roques coral reef complex is the largest and
most important in Venezuela (Amend 1992),
studies concerning coral injury recovery have
not been conducted there before. In this paper
we show how M. annularis responds to the dis-
turbance produced by both tissue and skeletal
removal. The progress of recovery of these
lesions was also studied and comparisons were
made between specimens from two reef patch-
es with different sedimentation regimes.

MATERIALS AND METHODS

Study site: The present study was carried
out at the Archipielago Los Roques National

Park, which is located 160 km north of the
Venezuelan coast  (11° 44’45’’ to 11° 58’36’’
N, 66° 32’ 42’’ to 66° 52’ 57’’ W).  The
Archipelago has more than fifteen coralline
Keys and over two hundred banks. The keys
form an irregular oval around a shallow
lagoon, which is surrounded by to large barri-
er reefs; the eastern barrier is 20 km long, and
the southern barrier is 30 km long (Fig. 1).
The experiments were done in Dos Mosquises,
a Key located on the South-western edge of
the Archipelago (11° 48’ N, 66° 53’ W.)  Dos
Mosquises is protected by a horseshoe barrier
reef, which is separated from the shoreline by
a lagoon of shallow waters with a depth that
rarely exceeds 4 m.  The Key has a fringing
reef 150 to 240 m wide and it has a maximal
depth of 40 m (Hung 1985). Experiments were
carried out between March and June of 1998,
in two sites each under different sedimentation
regimes but of similar depth (1-1.5 m). T h e
first site, (S1) was on the horseshoe reef, 500im
o ff the shoreline; this site was subjected to low
sedimentation rates. The second site, (S2) was
on the fringing reef lagoon, close to the coast-
line, and with higher sedimentation rates.

Coral injuries: Sixteen healthy colonies
(8 treatments + a single replicate per treatment)

Fig. 1. Geographic location of Los Roques National Park
and site of study (Dos Mosquises Sur).
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with no signs of injuries or bleaching were
selected at each reef site; the chosen colonies
ranged from 30 (small) to 60 cm2 (large) and
all were at the same depth (1 – 1.5im). Three
injury treatments were performed, according to
size (small and large), type (skeletal and tissue
loss) and position of the lesions (top and bot-
tom of the colony). The diameter of small
wounds ranged from 4.5 – 5 cm , while the
larger ones ranged from 7.5 to 8 cm. Skeletal
lesions (Type 1) were made by scratching the
coral surface with a hard-nylon brush, while
tissue loss (Type 2) was performed by jetting
out the tissue from the polyps using a syringe.
Type 1 lesions simulated the damage caused by
parrotfish injuries (Bruckner and Bruckner
1998), while Type 2 lesions resembled to
Chaetodontidae damages (Ohman et al. 1998).

These lesions were monitored at three,
five, eight, 17, 20, 60 and 90 days after the
colonies were injured, using an underwater
camera separated 10 cm from the damaged
colonies. A frame adapted to the camera
(Motor Marine II) macro-lens was used in
order to take all the photographs always at the
same distance and at the same angle (90°).
Daily records of air and surface water temper-
ature, wind speed, turbidity and tide level were
taken at each location. Turbidity was measured
“in situ” using a digital turbidimeter, tempera-
ture was recorded with a hand thermometer
and the wind speed with a digital anemometer.
Six PVC sediment traps (15 cm high x 6cm
diameter) and six Petri capsules (2 cm high x
6cm in diameter) were placed on concrete sup-
ports to estimate the sedimentation and resus-
pension rates, respectively. Each collector was
changed every three days at each reef site; the
collected material was washed with freshwa-
ter, dried at 30C° for 48hr and then weighed. 

All the areas undergoing recovery were
calculated from pictures of the colonies by
drawing them on transparent paper, clipping
and weighing these shapes and comparing
those weights with that of a known standard
square of the same paper. The results were
expressed in cm2. The tissue regeneration rates
(Ts) were obtained by calculating the differ-

ence between the areas of the recovered sur-
faces (Ra) for any given interval (T1 and To , in
days), as follows:

Ts = [Ra (T1) – Ra (T0)] / (T1 – T0)

Statistical analysis: To test the effects of
each treatment on regenerated areas between
reef sites and monitoring days; we used a
repeated-measures five-way analysis of vari-
ance (Zar 1998). The factors included in this
analysis were: 1. Lesion type (tissue and skele-
ton), 2. Position (top-bottom), 3. Size (small-
large), 4. Locality (barrier and fringing reef)
and 5. Time (3, 5, 8, 17, 20, 60, 90). We also
used a canonical correspondence analysis
(CCA) (Jongman et al. 1995) with environ-
mental variables measured at both reef sites,
and the regenerated areas to determine the
variables significantly associated to the recov-
ery of lesions. 

The species M. annularis recovered, rap -
idly from the artificially inflicted injuries, as it
look just over twenty days for most of the
colonies to regenerate the removed tissue.
Injuries at the bottom position of the colonies
recovered faster than those located on top of
them, and Type 2 lesions (tissue) recovered
faster than Type 1 lesions (skeleton and tissue).
In addition, about 60% of the smaller injuries
regenerated their tissue almost completely
over the 90 days of monitoring (Figs. 2 and 3).
For all lesion Types, tissue recovery showed
two stages: 1. A fast growing (1-2cm2/day) of
a thin layer of new tissue during the first 20
days. 2. The regeneration of new polyps;
which gradually regained their pigmentation.
The total recovery of the injuries took 20 to 30
days in some cases, or from three to four
months in others, depending on lesion features;
and two different regeneration mechanisms
were observed. In one, tissue growth started at
many places over the injured surfaces, perhaps
“activated” by healthy tissue inside those
polyps that were injured but not destroyed. In
the other case, tissue grew from the edges
towards the center of the lesions. In this latter
case healthy polyps surrounding the affected



REVISTA DE BIOLOGÍATROPICAL1058

Fig. 2. Means and standard deviations of tissue regenera-
tion of small injuries. a. Small-Top-Tissue lesion (STT). b.
S m a l l - Top-Skeleton lesion (STSk). c. Small-Bottom-
Tissue lesion (SBT). d. Small-Bottom-Skeleton lesion
(SBSk).

Fig. 3. Means and standard deviations of tissue regenera-
tion of large injuries a. Large-Top-Tissue lesion (LTT). b.
L a rg e - Top-Skeleton lesion (LTSk). c. Larg e - B o t t o m -
Tissue lesion (LBT). d. Large-Bottom-Skeleton lesion
(LBSk).
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surface seemed to be responsible for the recov-
ery, although in both cases the presence of
healthy or only partially damaged polyps was
presumably a key factor for recovery from
damage (Fig. 4). Colonies under low sedimen-
tation regimes (S1) recovered two or three
times faster than those under a high sedimenta-
tion regimes (S2), in particular those with
injuries located at the bottom of the colony.
Most of the colonies from S2 with Type 1 dam-
ages suffered an additional extension of dam-
age, due to four uncontrolled factors: sedimen-
tation, macroalgae overgrowth, Black Band
Disease (BBD) and parrotfish bites  (Fig. 5). 

The regeneration rates ranged from 1 to
9 c m2/day; the fastest values were obtained for

S1 colonies under conditions, where the turbid-
ity values were low. The minimum values were
found at S2, a reef site with higher turbidity.
Type 2 lesions showed a fast tissue growth,
while Type 1 lesions showed lower values
( Table 1). A further observed trend was the
decrease of tissue regeneration rates in time, as
the maximum values were obtained during the
first days of monitoring. The characteristics of
lesions (size, type and position), reef site (local-
ity) and time, significantly affected regenerated
areas (Anova p< 0.001). More over, most of the
interactions between factors resulted statistical-
ly significant (Anova p<0.01) (Table 2).  

Environmental parameters: During the
course of these experiments, the surface water

A B C

0 days 0 days 0 days

3 days 3 days 60 days

17 days 17 days 90 days

Fig. 4. Representative images showing the tissue regeneration mechanism at 0, 3, 17, 60 and 90 days. a. Small-Top-Tissue
lesion (STT) recovering homogeneously at many points. b. Small-Top-Skeleton lesion (STSk) recovering from the edge
toward the center. c. Large-Bottom-Tissue lesion (LBT) recovering homogeneously at many points.
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A B

Fig. 5. Representative images showing the main factors related with damage extension. a. Black Band Disease (arrows)
spreading on the injured area. b. Parrotfish bites arrows around the injured area.

TABLE 1
Means and standard deviations (in brackets) of tissue of regeneration rates at each reef site. Small-Top-Tissue lesion

(STT), Small-Top-Skeleton lesion (STSk), Large-Top-Tissue lesion (LTT), Large-Top-Skeleton lesion (LTSk), 
Small-Bottom-Tissue lesion (SBT) and Small-Bottom-Skeleton lesion (SBSk)

Tissue regeneration rates (cm2/day)
Monitoring days

Treatments 3 5 8 17 20 60 90

STT (Site 1) 2.463 1.03 1.20 0.18 0.69 0.005 0.004
(1.39) (0.61) (0.38) (0.28) (0.96) (0.005) (0.05)

STT (Site 2) 4.22 1.22 0.28 0.28 0.047 0.02 0.0001
(0.22) (0.16) (0.001) (0.04) (0.02) (0.01) (0.001)

STSk (Site 1) 2.66 0.22 0.41 0.19 0.07 0.08 0.0005
(0.46) (0.06) (0.04) (0.18) (0.02) (0.0001) (0.01)

STSk (Site 2) 0.17 1.10 0.14 0.05 0.03 0.009 0.004
(0.17) (0.55) (0.41) (0.04) (0.19) (0.0005) (0.003)

LTT(Site 1) 9.59 0.63 4.9 0.27 0.6 0.03 0.0076
(0.4) (0.26) (0.008) (0.18) (0.18) (0.01) (0.04)

LTT(Site 2) 8.12 0.67 1.24 0.14 1.51 0.33 0.002
(0.14) (0.41) (0.11) (0.04) (0.14) (0.04) (0.04)

LTSk (Site 1) 1.16 1.05 0.34 0.06 0.15 0.034 0.02
(0.64) (0.32) (0.28) (0.03) (0.08) (0.01) (0.01)

LTSk (Site 2) 0.85 3.53 4.18 0.009 0.01 0.06 0.05
(0.44) (0.18) (0.05) (0.009) (0.01) (0.005) (0.04)

SBT (Site 1) 6.3 0.07 0.07 0.008 0.01 0.0 0.0
(0.68) (0.01) (0.02) (0.001) (0) (0) (0)

SBT(Site 2) 1.83 1.83 0.10 0.13 0.19 0.015 0.00085
(0.44) (1.04) (0.93) (0.05) (0.12) (0.02) (0.0002)

SBSk (Site 1) 2.08 0.10 0.03 0.01 0.002 0.04 0.362
(0.34) (0.65) (0.32) (0.0005) (0.13) (0.05) (0.16)

SBSk (Site 2) 0.52 0.45 0.46 0.30 0.62 0.01 0.02
(0.11) (0.37) (0.32) (0.02) (0.34) (0.0001) (0.07)

LBT (Site 1) 5.2 3.29 2.75 0.90 0.46 0.04 0.0
(1.76) (1.19) (1.04) (0.08) (0.29) (0.003) (0)

LBT(Site 2) 1.62 2.14 1.37 0.51 0.27 0.003 0
(0.34) (0.38) (0.72) (0.08) (0.002) (0.02) (0)

LBSk (Site 1) 2.07 0.28 1.42 1.23 0.90 0.52 0.03
(0.03) (0.21) (0.28) (0.11) (0.32) (0.007) (0.03)

LBSk (Site 2) 0.28 0.01 0.14 0.09 0.97 0.55 0.03
(0.28) (0.001) (0.14) (0.0005) (0.42) (0.02) (0.072)
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temperature remained similar for both sites
and ranged from 26 to 31°C; the maximum
temperatures were recorded late in the after-
noon while the minima were recorded early
in the morning, and air temperatures showed
the same trend. The average of water turbid-
ity measured at S2 was 2.303 ntu, whereas
the average of recordings at S1 was 1.711
ntu.  Sedimentation rates were much higher
at S2 (0.266g/cm2/day) that at compared to
S1 (0.16g/cm2/day), while resuspension was
low at S1 (0.157g/cm2/day) in comparison
with S2 (0.23g/cm2/day). The test sites
salinity showed little variations, ranging

from 37 to 38‰ according to the time of day
( Table 3). 

Canonical Correspondence A n a l y s i s
(CCA): The CCA(Fig. 6) showed that turbid-
i t y, water temperature, sedimentation and
resuspension rates were the most important
environmental variables affecting lesion
recovery (larger vectors). Large skeleton (Lsk)
lesions were more affected by these variables
(notice the relative position among vectors and
treatments) compared to small tissue lesions
located at the bottom positions (SBT). Wind
speed, air temperature and tide level were not
directly correlated with this recovery (smaller

TABLE 2
Repeated - measure 5-Way- Analysis of Variance results. Factors: 1.- Lesion type (tissue - skeleton), 

2.- Lesion size (small-large), 3.- Lesion position (top-bottom), 4.- Locality (barrier-fringing reefs) and 
5.- Time (3-5-8-17-20-60-90 days). Dependent variable: regenerated area. * Significative differences

df Effect MS Effect df Error MS Error F p-level

1 1 48.883 112 0.357 136.749 *0.01
2 1 21.681 112 0.357 60.662 *0.01
3 1 2.712 112 0.357 7.589 *0.01
4 6 25.237 112 0.357 70.602 *0.01
5 1 5.561 112 0.357 15.573 *0.01

12 1 7.466 112 0.357 20.886 *0.01
13 1 1.184 112 0.357 3.312 *0.01
23 1 0.781 112 0.357 2.185 *0.01
14 6 15.505 112 0.357 43.375 *0.01
24 6 2.542 112 0.357 7.112 *0.01
34 6 5.914 112 0.357 16.546 *0.01
15 1 0.429 112 0.357 1.201 0.27
25 1 6.301 112 0.357 17.624 *0.01
35 1 0.184 112 0.357 0.516 0.47
45 6 4.803 112 0.357 13.437 *0.01

123 1 2.204 112 0.357 6.166 *0.01
124 6 1.896 112 0.357 5.305 *0.01
134 6 5.515 112 0.357 15.428 *0.01
234 6 6.476 112 0.357 18.118 *0.01
125 1 0. 283 112 0.357 0.005 0.94
135 1 0.249 112 0.357 0.697 0.41
235 1 0.225 112 0.357 0.63 0.43
145 6 1.473 112 0.357 4.122 *0.01
245 6 3.722 112 0.357 10.417 *0.01
345 6 4.808 112 0.357 13.452 *0.01

1234 6 6.277 112 0.357 17.561 *0.01
1235 1 1.836 112 0.357 5.138 *0.02
1245 6 0.933 112 0.357 2.611 *0.02
1345 6 1.445 112 0.357 4.043 *0.01
2345 6 4.051 112 0.357 11.335 *0.01

12345 6 1.004 112 0.357 2.809 *0.01
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vectors in Fig. 6). Sedimentation and resus-
pension rates were strongly correlated to each
other (notice the small angle between these
vectors), and we believe that the main environ-
mental factor determining the resuspension
and turbidity dynamics was the water motion
produced by the oscillation of tides.     

DISCUSSION

The regeneration of polips is a very impor-
tant survival factor for corals, as this ability
a ffects colony growth  (Bak 1983), reproduction,
the resistance to some diseases and the competi-
tive performance of the colony (Meesters et al.

1994). Sedimentation is an important abiotic
factor controlling growth, survival and develop-
ment of coral reef communities  (Rogers 1990,
Rielg 1995, Kleypas 1996). The accumulation of
sediment on damaged areas negatively aff e c t s
the recovery from injuries, as Meesters et al.
(1996) have demonstrated that the regeneration
capacity of artificially inflicted lesions in the
species A c ropora palmata and M. annularis
diminishes in areas where sedimentation rates
are high. Sedimentation might affect lesion
recovery because it induces major energ y
expenses in mucus production, sediment rejec-
tion and defense against algae overgrowth. 

The environmental parameters measured
at both reef sites during our study also were
important factors in controlling the process of
tissue regeneration.  Injuries on corals from S1
always remained free of silt, because the
strong currents at this site inhibited sediment
accumulation over the injuries.  Colonies cov-
ered by silt frequently showed an extension of
damage by BBD, and the fast bacterial growth
might be related to these mortality factors, but
further work involving both tissue regenera-
tion and bacterial growth studies is required in
order to corroborate this view.

The position of the wound on the colony
was an important factor related to tissue regen-
eration. Meesters et al. (1996) found that
injuries located at the top of colonies recov-
ered faster than those located at the bottom.
They suggested that polyps located at the top
of the colony were healthier as compared to
those located at the bottom, because the latter

TABLE 3
Means and standard deviations of environmental parameters recorded at the barrier and fringing reefs

S1 (Barrier Reef) S2 (Fringing reef)
Environmental parameters Mean SD Mean SD

Turbidity (ntu) 1.71 0.23 2.30 0.60
Deposition rates (g/cm2day) 0.16 0.11 0.26 0.13
Resuspension rates(g/cm2day) 0.16 0.11 0.22 0.12
Water temperature (°C) 27.5 0.29 27.7 0.55
Air temperature (°C) 28.0 0.40 28.0 0.33
Wind speed (m/s) 5.36 1.62 4.00 1.08
Tide level (cm) 36.4 6.79 33.8 3.84

Fig. 6. Canonical Correspondence Analysis biplot (CCA)
showing the correlation between environmental factors
and lesion recovery for all lesion types. Turbidity (Tu),
Water temperature (Wt), Air temperature (At), Deposition
rate (Dr), Resuspension rate (Rr), Wind speed (Ws) and
Tide level (Tl).
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surrounded by sediments. Our data do not sup-
port this view, in as such as sediments usually
covered top lesions and their regeneration was
prevented, while bottom lesions remained
clean because sediments did not accumulate
over them, thus enhancing lesion recovery.

The type of lesions was also a key factor in
the success of tissue regeneration seemingly,
Type 2 lesions (Chaetodontidae bites) recovered
faster than those of Type 1 (Parrotfish bites) due
to the following reasons: first, when tissue is
partially removed, new tissue layers begin to
grow rapidly, probably relying on mechanisms
of cellular division (Meesters and Bak 1993,
Meesters et al. 1997). Secondly, if skeleton
s t r u c t u r e s are destroyed, then the final recovery
involves both the regeneration of tissue and the
recovery of the skeletal structure. T h i s
involves a greater energetic cost or expenditure
than in the former case.

Our findings indicate that BBD and par-
rotfish bites were the most important factors
related to the extension of damages on the
coral’s surface. Many of the injuries located on
the top of the colonies showed new bites of dif-
ferent sizes (60 x 70 mm to 10 x 12 mm) pre-
sumably caused by parrotfish (Scaridae) and
s u rgeon fishes (Acanthuridae), respectively.
When a colony is attacked by a parrotfish,
other fishes also bite at the same injured
colony, and this behavior accelerates the fast
spread of damage and it may ultimately lead
the to death of the entire affected colony in a
relatively short time. Similar behavior patterns
have been described by Bruckner and
Bruckner (1998) in Puerto Rico and other
Caribbean locations.

Substrate competition has been recog-
nized as one of the main biotic factors regulat -
ing the reef community structure (Connel
1973, Lang 1973, Rogers 1993, Guzmán et al.
1994, Tanner 1995). The mechanisms, by
which competition reduces the coral fitness are
still not very clear. However, it is known that
diminished coral growth is related to the secre-
tion of allopathic substances by algae along
contact places between them and the corals
(Tanner 1997). The reproduction and fecundity

of the latter can decrease by abrasion, or by the
continuos contact between polyps and
macroalgae, which causes that polyps always
remain retracted  (Tanner 1997). 

Based on our results, it emerges that the
species M. annularis has the ability to regener-
ate damaged tissue fairly rapidly; however, the
regeneration rates decrease almost exponen-
tially with time. The regeneration of damages
is strongly influenced by the characteristics of
the lesion  (size, type and position).  The envi-
ronmental parameters to which the colonies
are normally exposed are a key factor for the
final damage recovery. In our study case, clear-
ly the main threats that a colony faces when it
becomes damaged are overgrowth (especially
by filamentous algae), extension of the damage
by diseases (BBD) or fish bites, and damage
by sedimentation. Our results suggest that the
colonies of M. annularis have a greater proba-
bility of recovering from injuries that only
involve the partial loss of tissue; this damage is
comparable to that made by the bites of butter-
fly fishes. Lesions that imply both destruction
of skeletal structures and tissue loss, take more
time to recover. These damages are analogous
to those produced by parrotfish bites.
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RESUMEN

En este estudio se determinó la tasa de regeneración
de tejidos y la recuperación de colonias de Montastraea an -
n u l a r i s , expuestas a diferentes grados de sedimentación
después de inducir daños que simulan los mordiscos de



REVISTA DE BIOLOGÍATROPICAL1064

peces mariposa y peces loro. El estudio se realizó en dos
pequeños parches de arrecife escogidos cerca del Cayo
Dos Mosquises, al norte de Venezuela. Dieciséis colonias
(8 tratamientos + una réplica) fueron dañadas artificial-
mente en cada parche, y su recuperación fue monitoreada
mediante fotografías durante tres meses. Las lesiones se
produjeron usando dos técnicas: raspado de los pólipos,
para semejar los daños de peces loro (Scaridae) (tipo 1) y
aspiración del tejido para simular los mordiscos de peces
mariposa (Chaetondontidae) (tipo 2). El diámetro de las le-
siones varió entre 5 (lesiones pequeñas) y 8 cm (lesiones
grandes) y ambos tipos fueron infringidos en partes de
abajo y arriba de las colonias. Los principales factores que
afectaron la recuperación de la superficie de las colonias
fueron las características de la lesión (tipo, posición y ta-
maño), la turbidez y principalmente, la tasa de sedimenta-
ción. La recuperación de las lesiones fue lenta donde las
tasas de sedimentación y resuspensión fueron altas, y la re-
generación del tejido fue mejor en condiciones de baja se-
dimentación y resuspensión. Además, las lesiones locali-
zadas en la parte inferior de las colonias se regeneraron
completamente, en tanto que los sedimentos frecuente-
mente cubrieron las lesiones superiores y limitaron su re-
cuperación. Más del 60% de las colonias con lesiones pe-
queñas se recuperaron casi completamente en menos de 90
días, mientras que aquellas con grandes heridas mostraron
extensiones de sus áreas dañadas y aumentó su mortalidad.
Las lesiones que afectaron solamente al tejido (tipo 1) se
regeneraron 2 a 3 veces más rápido que aquellas que invo-
lucraron tanto al tejido y como al esqueleto (tipo 2).
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