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ABSTRACT

The question of larval connectivity between populations has received much attention in
recent years. As scientific attitudes shift away from the assumption of passive dispersal
towards more dynamic and situation-specific models of settlement, marine biologists
have had to adapt existing methodologies and develop new tools to test hypotheses of
larval settlement. This dissertation aims to address the possible larval connectivity of the
tropical damselfish Stegastes flavilatus in the Las Perlas archipelago, Panama, using
microsatellite analysis of DNA from distinct populations as a primary tool. The purpose
of this work is to consider the physical and biological factors in this specific case, in
order to provide a framework which may be adapted to examine the larval connectivity of
other biologically and commercially important species found within the area. This could
potentially be used in future protection and sustainable resource use of the recently

created Las Perlas special management zone.



1 INTRODUCTION

1.1 LARVAL CONNECTIVITY

1.1.1 Background to Larval Connectivity

Scientific attitudes towards marine larval distribution have changed dramatically
over the last 20 years (Levin, 2006). Historically, scientists have taken the view of “open
populations,” i.e., that marine dispersal is both passive and random, and therefore
widespread, and that subsequent recruitment is entirely dependent on the movement of
currents and the limitations of predation and habitat suitability (Shanks, 1995).

Recently, however, a significant number of studies have begun to show that there may be
many other factors in the determination of larval settlement (Levin et al, 2005), which
may suggest reasons for some of the many recent examples of evidence for self-
recruitment (e.g., Jones et al, 1999). Neubert and Caswell (2000) write extensively about
the statistical probabilities of the settlement of the final location of larvae as a function of
their original starting point, which is referred to in successive literature as the dispersal
kernel of a species.

Some of the most important considerations within this emerging field current
include: the role of biogeography and oceanography as either promoting or limiting
dispersal; the biology of species, and the consideration of both general and specialised
behavioural practices, where they are known (see Levin 2006, Simpson et al, 2004,
Wellington and Victor, 1992).

The purpose of breaking down the question of larval dispersal into each potential

factor is vital for the possible future development of a framework in which interested



parties can calculate the potential for self recruitment in any given population.
Examination of the myriad potential variables involved in larval dispersal is important for
a number of reasons: for the examination of ecology and community structure in the
designation of marine protected areas and compliance with legislation (Lubchenco et al,
2003), and for the continuation and development of sustainable harvest within

commercially important stocks and fisheries (Mazzarelli, 1992).

1.1.2  Retention and Self Recruitment

The role of biogeography in patterns of larval dispersal and recruitment has only recently
begun to be analysed. Wellington and Victor (1992) conducted studies on a number of
damselfish (Thalassoma lucasanum, Stegastes flavilatus, and Microspathodon dorsalis)
in the eastern Pacific, to measure variance of populations in biogeographically separated
areas over a spatial scale of 3500km. The results showed statistically significant
difference in age, size and larval lifespan at each different site, with shorter larval
durations occurring at more northerly sites.

The difference in heterozygosity at varying spatial scales within populations of
the same species has been discussed in depth in a number of studies and reviews over the
last 10-15 years (Levin, 2006). Three of the most important reviews include those by
Palumbi (2001), Hellberg et al, (2002), and Palumbi (2003), in which the importance of
spatial scale in genetic similarity was critically examined. The reviews conclude that the
distance at which dispersal is most active is at scales of around 100km from the initial
site. At scales of less than a km there is no visible genetic variability, and at scales of

over 1000km factors of habitat suitability become the dominant factors. This corresponds



to recent studies undertaken in the Caribbean, which show that genetic retention occurs in
some reef fish at spatial scales of approximately 10-100km (Taylor and Hellberg, 2003).

Levin (2006) states clearly that retention is not solely a product of life history.
However, there are clearly a number of specific biological conditions which make self-
recruitment a more viable and likely option. This is especially important as the traditional
view of larval stages being biologically advantageous is being challenged (Palmer and
Strathmann, 1981), and replaced with evidence to suggest that retention may be of more
evolutionary value (Strathmann et al, 2002).

There is much evidence to suggest that the pelagic larval duration (PLD) can vary
quite dramatically even in separate populations of the same species. For example,
Wellington and Victor (1989) classified the pelagic larval stages of 100 species of
Pomacentridae (damselfish), in a variety of different locations, and found that larval
stages vary greatly depending on other factors, such as oceanographic factors, habitat
suitability, and behaviour. The pelagic larval duration of Stegastes flavilatus, for
example, ranged from 25-39 days depending on location, with populations in the eastern
Pacific generally having the longest PLD. Studies by Siegel et al, (2003) and Shanks et
al, (2003) and examined the genetic differences of populations specifically in respect to
PLD. The findings showed a correlation with genetic relationships over distance
compared to the length of PLD (see fig 1.1.2). This would suggest that populations with
longer dispersal periods are more homogeneous over medium distances than populations

with shorter dispersal periods.



QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Fig 1.1.2 — PLD and dispersal distance. Reproduced from Levin, 2006, from work by Shanks et al

(2003) and Siegel et al, (2003).

Levin (2006) states that egg size is of importance, as larger egg sizes are more likely to
be retained in the natal habitat. As larger egg sizes are more metabolically expensive to
produce, and less are released, there is less biological advantage for distribution over

large distances (Sewell and Young, 1997). This shows that self-recruitment is related to

ordinary r-selection and K-selection reproductive strategies (Levington, 2005).

Simpson et al, 2004, studied the effect of sound on settlement-stage reef fish at Lizard
Island in the Great Barrier Reef, and concluded that the familiarity of reef noises was a
factor in the process of dispersal versus retention. Work continues to prove whether or

not specific reefs at separated islands have separate sound signatures (Kennedy, 2007).

1.1.3  Tools and Methods for Analysing Dispersal



The tools available for the modelling of larval dispersal have changed considerably over
the last 50 years (Levin, 2006). Initial forms of mathematical modelling within the field
of larval dispersal were implemented and developed from simple reaction and diffusion
models such as those used by Fisher (1937) and Skillam (1951). These models were
imperfect due to their inability to handle complex variables. Recent developments such as
those implemented by Neubert and Caswell (2000) have improved the situation. These
more recent models are based upon a probability density function, or dispersal kernel.
Instead of following the calculation of diffusion time alone, the modelling of dispersal
kernels allows for discrete time analyses based upon integrodifference equations. Work
continues to create more sensitive models.

The use of tags and markers is widespread in larval dispersal monitoring. The
most common involve the use of otoliths (ear stones), which are marked with fluorescent
dye prior to dispersal (Levin, 2006). These studies can also combine with the
examination of trace elements in order to calculate the natal habitat of dispersed
organisms. This is more useful for the monitoring of dispersal, as opposed to retention
(Levin, 20006).

There have been a considerable number of studies on all sorts of larvae which
estimate the biogeographic distance required for populations to develop noticeable
genetic differences from each other (see reviews in Levin, 2006). An important study on
populations of the bicolour damselfish Stegastes partitus, in the Caribbean Sea was
conducted by Taylor and Hellberg in 2003. The researchers concluded that the optimum
distance for retention was between 10km and 100km. This corresponds to more general

work conducted by Kinlan and Gaines, 2003, Palumbi in 2003, and Shanks et al, 2003,
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who all come to similar conclusions regarding optimal distances for dispersal. Retention
is not likely to be seen over very small scales, such as less than 10m (Levin, 2006).
Additionally, over very wide distances, such as the whole Eastern coast of the Americas,
there are likely to be other factors regarding settlement, speciation and retention — such as

large-scale climate events and biogeography.

1.2 LAS PERLAS

1.2.1 Introduction to Las Perlas

The Las Perlas archipelago is located within the Gulf of Panama, on the Western side of
the Isthmus of Panama, and is a collection of around 253 largely uninhabited basaltic
islands, shoals and islets, located approximately 31km at the nearest point from the
Pacific coast of Panama, and 37km from Panama City (Anderson, 2005; Usan, 2006;
Berman, 2004). Translated as the Pearl Islands, this archipelago is home to a high
diversity of marine fish species, consisting of 737 of the total 780 found along the entire

Panamanian stretch of the Pacific coast (Anderson, 2005; Robertson and Allen, 2002).

The Isthmus of Panama began to form around 15 million years ago, towards the end of
the Tertiary period during the middle to late Miocene era. The land bridge developed
when the tectonic plates of the Pacific and Caribbean collided, forcing the Pacific plate
downwards. This caused the development of a chain of underwater volcanoes; some of
which eventually broke the surface. The large quantities of water (the circulation of what
is now separated as the Atlantic and Pacific) being forced through such a small area

resulted in extreme levels of silt and sedimentation forming amongst the island chain.
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This process increased as the space reduced. By around 3.5 million years ago, in the
middle of the Pliocene era, the land bridge of the Isthmus had broken through the surface,
separating the Atlantic from the Pacific and creating the continental shelf as it is seen

today (NASA, 2006).

Fig.1.3. — The Isthmus of Panama in the context of the Caribbean and East Pacific.

Figure 1.3.1 shows the width of the continental shelf around the coast of Panama and also
some of the general topography of the wider area. This is counteracted by the USGS
image below (fig. 1.3.2) which shows some of the geological features which affect the
Las Perlas area, including small fault-lines approximately 10,000 years old. This

tectonically-formed continental shelf, upon which the shallow archipelago is a part,
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occurs just above the deep Columbian Trench and South Panama Deformed Belt (see

Appendix V).
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Fig. 1.3.2. Minor geological faults along the Las Perlas Archipelago (USGS, 2005).

1.2.2 The Islands
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There are a wide variety of key habitats supported throughout the archipelago. The main
marine habitats include coral reefs, mangroves, and stretches of sand and gravel which
support a wide range of benthic flora and fauna (Benfield, 2005).

Las Perlas is characterised by considerable diversity of species, comprising 737 of
the 780 fish species known to inhabit the Pacific coast of the Gulf of Panama (Anderson,
2005; Robertson and Allen, 2002). The 2001 SeaWiFS satellite data mapping the
distribution of chlorophyll intensity throughout the gulf of Panama shows the archipelago
as one of the highest regions along this section of the Pacific coast, especially during the
highly productive winter months, when Las Perlas exceeds the chlorophyll concentrations
for the entire gulf of Panama (see Appendix 1). This shows the regional and national
importance of the Pearl Islands productivity. It is this very diversity, stemming from key
habitats such as mangroves and coral reefs, which support the range of artisanal and
commercial fisheries in the region. The fluctuating patterns of nutrient supply throughout
the year controls the marine life of the region, and should be of major importance to the
recruitment process of both biologically and commercially important species (Levin,

2006).

The International Tropical Convergence Zone, or ITCZ, is an annual occurrence of high
pressure which moves cyclically around the equator (Anderson, 2005).The location of the
ITCZ changes regularly, with respect to the zenith point of the sun over the equator

(Garrison, 2005). Throughout the Panamanian dry season, which runs from January to
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April in correspondence with the absence of the ITCZ (see fig. 1.1), the

July 176‘2“‘

January ITCZ

Fig 1.1. Annual movement of ITCZ showing Panamanian presence (red) and absence (blue).

seas around Las Perlas are dominated by the effects of the trade winds, which move in a
Westerly direction over the gulf of Panama, resulting in seasonal upwelling events which
form the basis of marine productivity. For the rest of the year, from May to December,
when the ITCZ is positioned over Panama, the seas around Las Perlas are characterised
by warm, nutrient-poor waters with reduced diversity and productivity (Anderson, 2005;

Kwiecinski and Chial, 1987).

The irregular occurrence of the El Nino Southern Oscillation (ENSO) event affects all
areas of the Pacific Ocean (Garrison, 2005). ENSO occurs when, due to a range of
poorly-understood environmental factors, the intensity of the trade winds become
disrupted and the Pacific ocean experiences elevated levels of warming. In Las Perlas,

this can cause the average water temperature to rise from around 15°-20°C, as expected
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during the cold dry seasons of upwelling, to around 30°-31°C (D’Croz et al, 2001; Baxter,
2004; Anderson, 2005). This can have far reaching and sometimes unexpected
implications on community composition and productivity (Lavaniegos et al, 2003).
During the 1982-83 ENSO event the Gulf of Panama witnessed 85% coral mortality

(Baxter, 2005).

1.3 Aims of Dissertation
1) Examination of population connectivity of S. flavilatus
i) Relation of existing literature to observed results
1i1) Suggestion of future studies for commercial fish stocks as part of Las

Perlas Special Management Zone
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2 METHODS

2.1 Capture and sampling methods

Stegastes flavilatus tissue was collected from a number of sub-populations
for genetic analysis (Clifton). After trialing a number of capture methods
(Baldwin), clove oil (90% eugenol) was diluted with five parts 95% ethanol to
anesthetise fish, used in squeezable bottles with two divers with hand held nets
used to collect specimens. Later clove oil was substituted for a quinaldine (2-
methyl quinoline) solution in 95% ethanol (Cuna and Rosa, 2006). This chemical
was found to act faster and more effectively, since clove oil is positively buoyant,
and resulted in less escapes and shorter dive times. Fish were put into plastic bags
and brought to the boat and put in a bucket of seawater so that a small (1-2mm)
clip could be taken from the ventral fin, using ordinary nail clippers, before being

and transferred into ethanol and put on ice.

2.2 DNA extraction and amplification

The purpose of this stage was to produce a raw product of DNA from the preserved fin
clips for the proposed amplification of microsatellites. The technique was based upon a
methodology produced by the Centre for Marine Biodiversity and Biotechnology, Heriot
Watt University, for the extraction of DNA from mussels (Mytilus edulis). With the

assistance of Dr. Peter Morris, and relevant scientific literature, this method was modified
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where appropriate. The preparation of samples was undertaken using the commercially

available DNeasy kit from Qiagen.

2.2.1 Preparation of Samples

Refrigerated fin clips were removed from ethanol using a pair of forceps and weighed.
Each sample was placed in a labelled 1.5ml centrifuge tube, and 180 ul of lysis buffer
ATL was added to disrupt cells. The fin clips were then homogenised using plastic
pestles until each sample had achieved the consistency of a milky liquid, with no visible

tissue remaining.

20 pl of Proteinase K solution was added, and the samples were mixed via a vortex
before being placed in a plastic float and incubated in a 55°C water bath for 90 minutes to

allow for digestion of cellular tissue and release of genomic DNA.

The samples were vortexed again on removal from the water bath, and 200 pl of
chaotropic buffer AL was added to the solution. The samples were then vortexed once
again and placed in a 70°C heating block for 10 minutes. On removal, the samples were

vortexed again before 200 pl of 96% ethanol was added and vortexed again.

The sample, including any solid tissue and precipitate was added to a mini-column in a 2

ml collection tube. Each tube was microfuged for 1 min at 8000 rpm. The column was

then placed in a new tube before being added with 500 pl of wash buffer AW1,
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microfuged as before, removed to a new tube and washed with 500 pl of wash buffer

AW?2. The samples were microfuged for 3 minutes at 13000 rpm to dry.

The columns were added to labelled 1.5 ml centrifuge tubes with the lids removed and
retained, and 200 pl of elution buffer AE was added. The samples were centrifuged for 1

min at 8000 rpm. The columns were removed, leaving a raw product of genomic DNA.

2.2.2  Monitoring of DNA quality using Gel Electrophoresis

An agarose gel was prepared using 0.5g agarose weighed and added to a conical flask. 50
ml 0.5x TBE buffer was added. The flask was heated in a microwave for a maximum of 2
minutes until all agarose was dissolved. 1 pl ethidium bromide was added to the solution

with a pipette, before being cooled to 60°C and poured into a gel tray and mould. A 12-

well plastic comb was added and the gel was left for 15-20 minutes.

10 pl of each DNA sample was added into separate microcentrifuge tubes, and
combining with 2 pl of sample buffer. Each sample was vortexed and loaded into an
agarose gel. A DNA ladder was always added to the first well. In initial tests, the DNA
ladder was A HindIIl. The gel electrophoresis unit was activated and left to run for
approximately 20 minutes before being analysed under an ultraviolet transilluminator and
photographed. Once DNA had been detected, the product was prepared for PCR

amplification.
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2.2.3 Amplification using Polymerase Chain Reaction

The samples were amplified in batches using PCR, using three pairs of primers adapted
for Caribbean species of Stegastes. These primers were AAC33-F and AAC33-R;

GATAI16-F and GATA16-R, and GATA40-F and GATA40-R.

The volumes of water added to each primer, along with the optimum annealing

temperature, are shown in table 2.1.

Primer Vol (ul) Temp (°C)
AAC33-F 711 56.7
AAC33-R 612 53.7
GATA16-F 479 53.1
GATA16-R 375 57.9
GATA40-F 440 53.2
GATA40-R 383 53.5

Table 2.1: Primers with added volumes of

pure water and annealing temperature.

Each sample consisted of10 pul of DNA, 5 ul of PCR buffer, 8 ul dNTP, 1 pul each of both
forward and reverse primers, 1 pl Taq polymerase, and the remaining 34 pl comprised of
pure water. These samples were run on a gel with an additional sample as a negative
control. This consisted of primer AAC33-F and R and 10 pl water. The samples were

analysed using a UV transilluminator after 15 minutes and photographed (see appendix
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IIT). The PCR products were run on a cycle as laid out by Williams et al (2003) with an

annealing temperature of 50°C.

The PCR products were then run on a gel to determine initial results. The gel was run a
second time using 0.9 pl ethidium bromide and 30 ul DNA product. This was analysed.
The PCR process then was re-run for the pairs of primers GATA-16 and GATA-40. In

this instance, the negative control was run using primer pair GATA-40.

2.3 Analysis and Interpretation

Materials used for this project included:

Acrylamide gel electrophoresis unit, using 20x20cm glass plates
40% acrylamide

10x TBE buffer

25 ul TEMED diluted in 250 pul ammonium persulphate

24ml water

100bp DNA ladder

DNA samples

The acrylamide gel electrophoresis unit was set up in order to analyse the diversity of
alleles isolated and amplified by the primer pair AAC33 (see Appendix III for sequence).
This involved the creation of a polyacrylamide gel and set up following the method laid
down by Ausubel et al (1998). A 12% acrylamide gel was prepared as the DNA

fragments were considered to be between 50-200 bp (see initial electrophoresis results).
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A spacing comb was used to create 25 wells, which were loaded with a 100bp DNA
ladder, 20 DNA samples (10 from Site 1 and 10 from Site 2), and a negative control
made up of water instead of DNA. The polyacrylamide gel was run at Sev/cm for
approximately 3 hours until the loading buffer had reached the end of the plates. The
samples were then stained with ethidium bromide and photographed under an ultraviolet
transilluminator. The samples were then analysed in order to determine whether or not

there were any allele differences within the populations (see Results).
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3 RESULTS

Preliminary results
Test runs of extraction and PCR amplification using rRNA proved to be successful. This

showed that DNA had been extracted from the fin clips.

Initial amplification of two test samples (one from Contadora and one from Taboga)
showed that primer pair AAC33 amplified data from both sites. Potential anomaly results
occurred in GATA16 pair at one site. No results were seen using GATA40 pair. The
experiments were repeated for GATA16 and GATA40 primer pairs, and this removed the
anomaly and showed that the genes amplified by these two primers are not present in
Stegastes flavilatus, whilst the gene amplified by primer pair AAC33 is still present in

both populations.

The initial acrylamide gel results appeared inconclusive, despite the appearance of
features (see appendix x) on several samples which required further analysis. Strong
banding was seen across all samples at approximately 100 bp, with non-specific binding
at higher sites. There were also faint bands seen at approximately 50bp (see appendix x).
Non-discriminate amplification was noticed and any bands above approximately 120bp

were considered to be artefacts and ignored (see method).
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Initial comparison of sites from Taboga and Contadora suggest no discernable differences
in genetics between the two populations. However, the initial results require significantly
more detailed forms of analysis in order to successfully determine the true extent of

connectivity and retention amongst the Las Perlas reefs.

Figures 1 and 2 below show the final PCR reactions as used with primer pair AAC33-F
and AAC33-R, as run on agarose gel using electrophoresis. Whilst this appears to show
some difference in a second band of DNA at approximately 50-70bp, this could be due to
slight differences in timing of the separate runs. The differences appear to disappear
when run on an 8% polyacrylamide gel (Figure 3), however there appears to be excess
staining using ethidium bromide which makes full visual analysis difficult to determine

(see discussion).
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Figure 1. Photograph of PCR product of 10 DNA samples (plus 100bp ladder and
negative control) from the island of Contadora. Sample 9 appears to have yielded no

DNA.
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Ta60GA b -03-0%

Figure 2. Photograph of PCR product of 10 DNA samples (plus 100bp ladder and
negative control) from the island of Taboga. The gel was run separately to samples
collected from Contadora (see fig. 1), however the PCR reactions were undertaken at the

same time to reduce the chances of error.
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Figure 3. Photograph of banding seen below 100bp marker (noted on ladder to the right
of image) of samples from Taboga and Contadora as run on an 8% polyacrylamide gel.

No discernable difference appears to occur between either site.
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4 DISCUSSION

The preliminary laboratory results showed no significant difference between populations.
There are many different reasons for this, and this should not be considered to be
conclusive or definitive proof that self-recruitment does not occur throughout reefs in the
Las Perlas archipelago. This set of experiments should be seen as preliminary only, and
much more work should be carried out to determine the true extent of connectivity
throughout the archipelago. There are a number of reasons why the initial experiments
may appear to show inconclusive results, and many questions which remain unanswered

until further study yields more results.

Since only a single pair of primers out of the initial three appeared to be effective, it is
possible that this microsatellite loci may not polymorphic. The primers identified were
for Stegastes partitus, a Caribbean damselfish biogeographically separated from
Stegastes flavilatus by the development of the Isthmus of Panama approximately 3.5
million years ago (NASA, 2006). Since microsatellites evolve rapidly, this amount of
time is likely to be significant. Additional primers developed for microsatellites found in
S. partitus by Williams et al (2003), and Thiessen and Heath (2007) could be used in
future PCR reactions to determine possible effectiveness. These two previous studies
yield, between them, a much higher number of microsatellites which range in size from

16-200bp, and may reveal polymorphic loci as retained in S. flavilatus.
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Of course, the possibility should not be ruled out that there may be no real self-
recruitment occurring in specific populations of Stegastes flavilatus in the Las Perlas
archipelago. As discussed by Purcell and Hertzog (2006), Wellington and Victor (1992)
and reviewed in detail by Levin (2006), the factors affecting self recruitment amongst
populations are extremely complex. The Las Perlas archipelago is a dynamic
environment with a relatively poorly understood internal current circulation (D’Croz and
Robertson, 1997), known to flow in a south-westerly direction through the Gulf of
Panama (Barrios, pers. comm). Although not properly studied, it is possible that the
combination of strong Pacific currents moving in a Northerly direction through the
Columbian trench (see Appendix IV), the ITCZ causing seasonal upwelling affecting
productivity and distribution (see Appendix 1) and a 6m tidal range in parts of the Gulf of
Panama (D’Croz and Robertson, 1997, Anderson 2005), strongly suggest that
opportunities for passive dispersal throughout the archipelago may be high. It is not clear,
either from a review of existing literature nor from the preliminary results of this
investigation, whether or not the island of Taboga to the north-east of the Archipelago
receives passive larval dispersal from the islands, or whether there is active retention or

dispersal occurring over this spatial scale.

Additionally, not enough samples were able to be analysed due to experimental

constraints. Only ten samples were analysed per site, whilst at least 30 should be required
for meaningful statistical examination using Wrights Coefficient of Inbreeding (Kennedy,
pers. comm.). It is possible that a full set of extractions and more detailed investigation of

different polymorphic loci may yield more conclusive results. Visual examination of
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some photographs taken throughout this research do appear to show allele differences
between individuals — a greater examination using more sensitive polyacrylamide gels,
and any of the other techniques available may well reveal statistical population
differences between the islands of Taboga, Contadora and perhaps any of the other
islands in the archipelago from where samples were collected. Even if there is no
difference between species of Stegastes flavilatus, within Las Perlas, does not mean that
this research is unimportant. Data should be collected populations of S. flavilatus from
Coiba Island and compared with the Las Perlas sites. Due to the geographic location of
Coiba Island slightly beyond the Gulf of Panama, and subjected to biogeographical and
geological pressures different to those affecting Las Perlas (see appendix IV), a
comparison of this scale would yield more conclusive results and perhaps serve to
highlight areas of key importance for the long-term management plan of the Pearl Islands

Marine Protected Area (see appendix II).
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5 CONCLUSION

Based solely upon the preliminary results ascertained throughout the duration of this
study, it appears that there is no discernable difference between populations of Stegastes
flavilatus as found on the island of Contadora in the Las Perlas Archipelago, and those
found on the slightly removed island of Taboga, close to the Panamanian mainland. Due
to the previously discussed limitations affecting the course of this study, these results
should not, on any account, be interpreted as either conclusive or authoritive. Significant
amounts of further analysis will be required, as will additional work into the
determination of local and near-shore currents affecting pelagic larval dispersal. This
study should also be seen as just a single part of a much wider study examining
population connectivity of additional species throughout the Las Perlas Archipelago,
especially those which are commercially valuable or threatened due to overexploitation,

pollution or other anthropogenic factors.
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6 RECOMMENDATIONS

Detailed analysis of reef fish DNA from the existing sites, following an initial

process of extraction, PCR, agarose and acrylamide gel analysis.

Examination of existing samples with additional primers developed for Stegastes

partitus in order to determine suitability.

In-depth microsatellite analysis of Stegastes flavilatus to attempt to search for
more suitable loci and to determine any possible allele differences within the

specified populations.

Statistical analysis of results, rather than mere visual determination of similarity.

Sampling of additional populations from slightly more biogeographically distinct

areas, for example from Coiba Island, located to the North-West of the

Archipelago.

Repetition of the project for more commercially important species, in order to

determine management plans from specific areas.

Development and maintenance of functional and detailed GIS database regarding

the biological potential of the Las Perlas archipelago — including oceanographic
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data, biological records, distribution and abundance, habitat classification and

associated biota.

Implementation of biological monitoring and record keeping procedures in

keeping with the management of an MPA.
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8 APPENDICES

Appendix 1

SeaWiFs satellite data showing marine chlorophyll concentrations from December 2000
to November 2001 (Goddard Earth Sciences Data and Information Centre, 2007). Each
image covers a three-month period, and shows the productivity of the Gulf of Panama.
The Las Perlas Archipelago is as shown. White pixels outwith land areas represent cloud

cover at the time of image capture.
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Appendix Il — Declaration of the Las Perlas Special Marine Coastal Management Zone.
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MN2E s Gaceta (Mfickal, lunes 4 de jumio de 2007

ASAMEBLEA M CICNAL
LEY Mo 18
e 31 e e e 00T

hie declara Fona Especlal de Manejo Marino-Costera
al Archipiélago de Las Perlas y dicta otras disposiciones

LA ASAMBLEA MACIDNAL
DECRETA:

Capitalo I
Obyetrvo v Defomcrones

Articule 1. Se declara Zona Especial de Manejo Marino-Costera al Archipiélage de Las Perlas,
shicade e el distiio de Balbom, provincia de Panmmi, que se incarporard al Programa de
Manejo Costero Integml  s=gin o establecido en In Ley 44 de 2006, con 2] propdsiio de proleger
ks recursos menpg-coateTos, aumentar su productividad vy mantener ls biodiverssdad de sus
ecosistemas, a fin de mejorsr bs calidsd de vida de las comunidades que dependen de dichos

Articulo 1. Farn el cumplimiento de los obietivos de la presenie Loy, las suloridades
competentes estabiecerdn las madidas de coordinacidn necesarias que aseguren un desamolle
social ¥ ecopdmico de la Zons, mediante un Flan de Mangjo Costero Iniegral que garsmbice ks
sosternbalidad de ey actividades extractivas y pesqueras.

Articnbo L. Para los efectos de este Ley, [os sipuienies tdrminos se enlenderdn asd:

1. Plam de Mango Costers fategral Documents plasifieador del ordenamsento bermitorial
mifind de la rons marino-costers, que incorpors tarear thenless, admindstratives v chentificas
para la conservacifn de los ecosisternas v el aprovechamienio sagienible do los recursos
naturales, cuyns resultados debsen prodosic ol ondensemients especial ¥ de uso de la Tona
Especial d= Mansjo Marino-Cosers,

2. Uhudad de Comservacidn y Figllancia. Organo de apoyo mterinstitucional local, creado para
ooordinar y agrapar @ todas les auteridedes relscionadas con las zones especiales de manejo
mirino-costeras en sus fupsiones y opersciones de control en ] wo de log Fecurans -
costeros y la solucién de conflicsos, eslablecidas en el Plan de Mansgye Costera Integral.

3. Zoma sosblite. Le que constituye umn exlensidn de unme mona principal e proteccian
CORSETvaciin ¥ manepo, L cual adopta las mismas disposiciones legales que la 2ons pancipal
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Gacels (Micial, lumes 4 de jundo de 3007 o

Capituls [
Estruciura 4] Maseys Costero [megral

Artdeule 4. Se establece el Frograma de Manejo Costern Integral pars el Archipiélapa de Las
Periea, cuyn famckdn serd dasediar el Flen de Mangjo Costers Integral, a tmvds de 1 Direecidn

Gieneral de Ordenacicn y Manejo Integral de la Autoridad de los Recursos Aculticon de Panasl,
oom 6] apoyn de o actores v usarrios inwolucradas en €l bema Esie Programa tended 1s fuseide

de ejecutar, Fscalizar, evaluar, mosdioeesr ¥ elaborar of plan do dessrolio ¥ uso sostenible de los
FECUFSDS mErino-coslerss, gaardindo concordancia con led listamientoa y planes de desxrralio
furistico mEenible.

Artbelo 5. Se establece b Unsdsd de Conservacide y Vigilancis de i Zoma Especial de Massic
Marine-Costera del Archipidlago de Lo Perhas, cuyas furciosss son las de coordinar y gjecutar
s acciones de conservacion ¥ vigilencia scordadas en € Plan de Manejo Costero Inteygral, oon
indos lom aciores cof injerencia en la zoma

Articulo §, La Unidad de Comservacsim v Viglancia csard integrada por los mgmienbes

miembnas con derecho a voz y volo:

L. Un representante de ls Autoridad de los Racursos Acubticos de Pasamd, geen |n
presidiri

2. Us representante de 3 Commitn de Poblaciéa, Ambients y Desamallo de |3 Asimblea
Macional.

a. Lin representante da la Autorided Macional del Ambiente.

i Lin represenilimie de 18 sorisded civil ambismal.

5. Un sepresentante de laz instibaciones gubernumentales wo no gubsmementales de
investigacitn cientifics

6. Unrepresentinte de usa Asmcelassdn de Pesoadores del Archipsblage de Laa Perlas,

1. LUin repeesentsnie del sector pesquers de la Comisidn Nasional de Pesca Responsable, que
w0 pestenezca & las entidades mencionadas dentro de 1n Usidsd,

£ U represemiante del Contejo Matdoped 42l disrito de Belboa.
Esta Unidad oonsideremd en sus reuniozee s participacsim de olrds  (Safieciones

gubemameniales ¥ no gubemameniales, s cuales solo tesdnkn defecho & vaz
En el caso de los nurmsetales 4, 5 ¥ 6, 188 organizackonss interesadas, ademds de esiar

Jegalmente constituidas, deberhn registrarse en la Avtonided de bos Recursos Aculices de

Prnami madiante simple convanicacitn express en la que mdiquen so infers en formar pane de
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MR s iimewta Oficial, lenes 4 de junie de DOOT

ests Umidsd, do maners @l que sus representantes sean sscogides cadi canss afiol enkre quitnies
2 bayan pegistrids v cusmiplan ks roguasitos sstablecidos en la presents Ley v su reglansenio.

Articals 7. E] Admanistrador de b Autorided de os Recumes Acuitices de Panamd eacogerd, de
1=l tema de casdidalos prosentada por [a asooiscidn o I esoriscionss de  gremsos pesgquencd
pad s onganizaciones no gubsenamentales, & log mismbros principales ¥ soplenies de | Unidsd,
los cusles al monvento de su designacidn oo deberin lenet parerlssco, dentro del cusrto grado de
consanguinidad o segumds de afisdded, com b oltes mismbros de la Unedsd o con el
Mdwinistraded de W Awendsd de los Recursos Aceliecs de¢ Paamd  Ademiz, Jos
represeniardes de la sociedsd clvil que integren la Unidad mo podein ser fumelonarios de las
mnatituciones del Enndo que 1o confiemen

Fona Especil de Mansjo Marino-Coalera

Adriicalo 8. El poligons gee define [a Zooa Bspecial do Manejo Menpo-Costera del Archipsélagn
de Las Perles estd gineade destro del Gobf de Panamib e o) Oedass Pacificn, yoonsts de on drea
todnl sproximada de 168,771 hectireas que sbarca sus dos pomas sabéfites, drvididas en 33,133
hectireas de direa imgolar, que mcluye b zone marine-cosiera de todes |as ishs e isloter. ¥
135608 hectdntak de dfca maring pame de la Platafomma Continenial, b cual comforma un
perimetro d= 163 kkildenetros,

Tods ol limite de la Zoma Especie]l de Menejo Mermo-Costern esib en el mar.  El
poligonn imegnens se wmicis e &l Pomo 1, con lelited 8°40°48.2%" More v lomgitud
TerG 08, 59" Ciesne.  Se sigoe wna Hnea imeginaria con rambo Este B9 one distancis 8= 3.45
mrillas rduteeas basta el Fusto 2 Desde se punlo, con Balitud 874004981 Morte v lompitud
TFI2°37.46" Oeste, se contimia con rumbo Sor 138° Exie una disiancis de 22,82 millas nduticas
hasta @] Punto 3. Dwsde psie pamio, oon latiud B523°44 547 Bone v loegid 7847 14047
Chefle, &6 progagus con rumbss Sur [80F une distancie de &.83 muillas nducas hesis & Pune 4
Dresde esie purso, con laticad 5%16°53.00° Norte ¥ longitud 7554716357 Ceste, 52 contizda con
rumbe Sor TA* Oeste una distancis de 757 millie adulicss basta of Panio 5. Diesde este panin,
con laniud EFLL 17797 Naorte v longioed 784830085 Ceste, ¢ conlisia coa ramba Oeste 2717
uma destercia de U7.2] milkis nieticas hasts legar al Punbo 6. Desde este pandn, con biiud
GY117I3.35" More y Jongiiud Y9*10°28 32" Oesie, g2 continds con nembo Norie ¥ Este una
destancia de 20,066 millas niuticas hasts encomirar nuevensents el Punio |
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iacets Uficial, nnes 4 de junés de 2007 st ]

Articule 9. Sp sstshlecen dos zonas sabéiies de proteccidn, que estarin localizades Feern del
poligona principal de la Fons Especial de Manejo Marine-Costera, perd vincalsdss & esta, con
las mpeentes coordensdas:

L

Zona Swdlite Boca Trollepe, localizeds sn poordenade con latitod QF®0E'53.95% MNone y
longirad O78°3841.2%° Oeste, con um Sfea de 4316 hectbresn, formands wn clrouln
imagirario con distancia de dod millies nletics alredsdor desde 1o roca.

Foma Sapélite Ixly Galera, localirsda ew coordspads con latvtud 02°11W1 107 Noos v
kemgitud OTE"4632.T1™ Oesle. com un drea de 4,335 hectireas, formendo un circule
inkginame con distancia de dos millas pduticis slrededor desde b costa de la ish

Capitubo TV
Prohibiciness y ¥eds Temporal

Articube 10, Deniro d: |a fons Especial de Mansjo Manno-Costem del Archipidlago de Las
Perlas, exd prohibido o sigoiende:

l.

.
1.

La rala, &l wso v 1o comercifizacion de bos bosques de manghs, sus producios, pertes y
derivados. Se cucepbia ls ials &n proyecios de desarmollo turstico, previe sprobacsdn del
estudio 8¢ [Enpacts emblental v el cumplimisnts de la lepielscito vigente,

La éntracedin de oorales v peces de arreciles comalinos.

El uss d¢ trasnalios de cunlgmier tipo o denominscidn, do chaeos, i como ds cims anes
¥ pricticas de pebia prohibides por la lagislaciin vigente.

El usa de palangres horizontales superficiales v & fonde. Se permae el uso de palasgse
veriical hists us mivimo de quinee tingues por embarcacitn y mimo de cinen
mmrus b [T LREaE

El uso de rodes de armasire y de corco mesdnlco industrial en inda |4 Zons Esperial de
banejo Mariro-Costern del Archipiélagn de Las Perlas.
hmmwpnhmu:dwinmm”mihﬂnhﬂm
Hmkmw&aﬂﬂl&hmﬂ&ﬁpmhmlp].ﬂwm
degsirrtivog ma oomerciales,

La pesca de Sbunanes v de rayes (Elasmobranquiss)

La captura y comercializacitn de came y hucvos dc wdas las especies do iorugss
FTE T

La pesca de langosta desde &l | de diciembre hasta ol 15 de absil de zads afic.

Fl ssalia de las poblscioncs de cetboeos qus tilizsn led kpais &2 L Zona,
mﬂﬂl&ﬂ“mﬂhﬁmﬂn&ﬂuﬂmwnmm
Perisresfas.
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MAE RO Gacein (Hiclal, lunes 4 de junio de 2087

12, La extraccidn de cealgquitr especie quo la Auloridad de lod Recwrics Acsltens de
Panami tenga o bien regaler con el objetrvn de mantener niveles racionales ¥ sostenibices
en la pesca comercéad, com [a ousl podrd establecer sisiemes do licencs, vedas ¥ ceots de
extraccitn basadin e la mejor evidescia ceentifica disponible.

13, Cualguier o eetivided que siesie conise los opstivod de o presesce Ley.

En la reglameninesin de I presente Ley, s emabdecenin breas exclusives de pesco do
cajisva pirs ush de ralok Balichera afcinale o de cend manlal
La Direccsdn Oeneral do Ordenscidm y Manso kntegral podrd smpliar, modificar o

Feduci perilicementc lis prohilbicionts y vodis, de aossedo oon extudsos & informes Sonioc

realizados en apayn al Plan de Mancje Costero Infegral, comsults cisdadans y previa ol

con ki Unidad de Cosservicidin v Vigilaacia,

Capitalo ¥
Compstensis

Artienbo 11. La Direccitn Genersl de Ordenscice y Manejo Istegrsl de s Autendad de los
Reowses Acsliiecs de Panisnd senl s encargads de eotsblocsr © implemeniar |as estruciurs
organivativas noceseriay ¥ requerides en e gjecucidn del Flan ds Mansjo Costero Integral, » fin
de et 8¢ higan las consaltas necesiriis mitre lod sdministtadorss de los recurios scudticos, las
sunloridsdes ded digte de Balboa v bos weaanos, v eo estahlescan las medidas de ordemamsents v
conservacidn de fos recurscs markno-comeros.

Articslo 13, La Autoridsd Macional del Ambisnte srishlscenk en erts Zona kress protegide bago

las calagoriss de mameio gee orrespondsn ¥ goe Tesubles eestnices con el Flan de Manego
Costero Inlegral pars et Tona, con lo objelives de eita Lay ¥ de acocrdo con lia disposiceones

l=guies ¥ reglamentariag vigentes an estl malene

Arificulo 1. Para b prodeceidn de yecimbenics ssquealégicos o ofres bress de recursos guliernles
subarsitcos, o nsrute Mecional de Cultam establecerd aitsos bajo las calegorise de manggo de
i e Dacionales o tonas de intenks calhiral, los cusles defbserin ciamplin con b directrbees
véenicas extabilechie oo Is Ley 32 de 2003 y bs Ley 58 de 2003

Capitale VI
Dhapnsicione Finiles

Articoio 14 (ransitorio). 5Se esmbisce un periods de veds temperal por doce meses, & partr de
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la entrada en vigencia de la presente Loy, pam la sxtracceon de la concha negra (Amedara
tuberamlara)) ¥ cesio de Busto (dnasdarg praadiy) de codes |as dreas = menglar d=1 Anchipedlagn:
do Las Perlas, para permitir la recupamacidn de las pohlaciomes natilrales que perin regoladas
detalladamente demiro del Plan de dManspo Costero Inegral.

Artienlo 15, El Crgeno Bjecative reglamentard |a presente Ley dentro de los ssis messs
sipaienies a sy promulgacidn.

Articmlo 16 Exa Ley comenzars & regir desde e promalpacicn

COMUNQUESE ¥ CUMFPLASE.

en tercer debate en el Palacio Jusin Arosemena, ciodad de Panemd, a bos 1B ddas del
miea dz ahnil del afio dos mil sizte, en vird del Preyvecto 151 de 2005

El Prasidenie, .

El Secretario Oeneoral,

ORGANO EJECUTIVO NACIONAL. PRESIDEMCIA DE LA REPUBLICA.
PAMAMA, REPUBLICA DE PAMAMA, .37 DE Wﬂﬂ"‘ DE 20407,

,.i--lE.- -
MJWMEW
Presidenie de b Repiblbca

HECTOR E. ALEXANDER H.
Ministro de Ecomomia v Finezsg
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Appendix 11l — GenBank Microsatellite Information

SpPAAC33

LOCUS AY253156 201 bp DNA linear VRT 17-
NOV-2003
DEFINITION Stegastes partitus microsatellite SpAAC33 sequence.

ACCESSION  AY253156

VERSION AY253156.1 GI1:32454075
KEYWORDS .
SOURCE Stegastes partitus (bicolor damselfish)

ORGANISM Stegastes partitus

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;
Euteleostomi ;
Actinopterygii; Neopterygii; Teleostei; Euteleostei;
Neoteleostei;
Acanthomorpha; Acanthopterygii; Percomorpha; Perciformes;
Labroidei; Pomacentridae; Stegastes.
REFERENCE 1 (bases 1 to 201)
AUTHORS  Williams,D.A., Purcell,J.F.H., Hughes,C.R. and Cowen,R.K.
TITLE Polymorphic microsatellite loci for population studies of
the
bicolor damselfish, Stegastes partitus (Pomacentridae)
JOURNAL  Mol. Ecol. Notes 3 (4), 547-549 (2003)
REFERENCE 2 (bases 1 to 201)
AUTHORS  Williams,D.A., Purcell,J_F.H., Cowen,R.K. and Hughes,C.R.

TITLE Direct Submission
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http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=144197

JOURNAL  Submitted (10-MAR-2003) Biology, University of Miami, 1301

Memorial
Drive, Coral Gables, FL 33146, USA
FEATURES Location/Qualifiers
source 1..201

/organism=""Stegastes partitus"
/mol_type="‘genomic DNA"
/db_xref=""taxon:144197"

repeat_region 1..201

/note=""microsatellite SpAAC33"
/rpt_type=tandem
ORIGIN
1 atccgtttcg tggtctcaca cctgctgagt tcctgcaaca acaacaacaa
caacaacaac
61 aacaacaaca acaacaggcg ggtttagaag gaaagcgggg cgacagttac
acgtttaggt
121 gggaaatatc gcacaacacg ccctcgtttg ttcccagaga tgctcagcga
tgtggcctga
181 ggaggtttta gttaaatgat c

//
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SPGATA16

LOCUS
NOV-2003
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE

ORGANISM

AY253166 214 bp DNA linear VRT

Stegastes partitus microsatellite SpGATAl6 sequence.
AY253166

AY253166.1 GI1:32454085

Stegastes partitus (bicolour damselfish)

Stegastes partitus

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;

Euteleostomi ;

Actinopterygii; Neopterygii; Teleostei; Euteleostei;

Neoteleostei;

REFERENCE

AUTHORS

TITLE

the

JOURNAL

REFERENCE

AUTHORS

TITLE

JOURNAL

Memorial

FEATURES

17-

Acanthomorpha; Acanthopterygii; Percomorpha; Perciformes;

Labroidei; Pomacentridae; Stegastes.

1 (bases 1 to 214)

Williams,D.A., Purcell,J.F_H., Hughes,C.R. and Cowen,R.K.

Polymorphic microsatellite loci for population studies of

bicolor damselfish, Stegastes partitus (Pomacentridae)
Mol . Ecol. Notes 3 (4), 547-549 (2003)

2 (bases 1 to 214)

Williams,D.A., Purcell,J.F_.H., Cowen,R.K. and Hughes,C.R.

Direct Submission

Submitted (10-MAR-2003) Biology, University of Miami, 1301

Drive, Coral Gables, FL 33146, USA

Location/Qualifiers
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source 1..214
/organism="'Stegastes partitus”
/mol_type=""genomic DNA"
/db_xref="taxon:144197"

repeat_region 1..214

/note=""microsatellite SpGATA16"
/rpt_type=tandem
ORIGIN
1 cctttttcaa cttaaattag atagatagat agatagatag atagatagat
agatagatag
61 atagataggt agatagatag atagatagat agatagatag atagatagat
agacttttct
121 acacctactt caaaaccaac aatacaacac actcacaaga caccaagaca
ctcaccagat
181 tcctctttct tatgatattg acatgacctt gatc
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SpGATA40

LOCUS AY253167 263 bp DNA linear VRT 17-
NOV-2003
DEFINITION Stegastes partitus microsatellite SpGATA40 sequence.

ACCESSION  AY253167

VERSION AY253167.1 GI1:32454086
KEYWORDS .
SOURCE Stegastes partitus (bicolor damselfish)

ORGANISM Stegastes partitus

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;
Euteleostomi ;
Actinopterygii; Neopterygii; Teleostei; Euteleostei;
Neoteleostei;
Acanthomorpha; Acanthopterygii; Percomorpha; Perciformes;
Labroidei; Pomacentridae; Stegastes.
REFERENCE 1 (bases 1 to 263)
AUTHORS Williams,D.A., Purcell,J.F_H., Hughes,C.R. and Cowen,R.K.
TITLE Polymorphic microsatellite loci for population studies of
the
bicolor damselfish, Stegastes partitus (Pomacentridae)
JOURNAL  Mol. Ecol. Notes 3 (4), 547-549 (2003)
REFERENCE 2 (bases 1 to 263)
AUTHORS  Williams,D.A., Purcell,J.F.H., Cowen,R.K. and Hughes,C.R.
TITLE Direct Submission
JOURNAL  Submitted (10-MAR-2003) Biology, University of Miami, 1301
Memorial
Drive, Coral Gables, FL 33146, USA

FEATURES Location/Qualifiers
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source

repeat_region

ORIGIN

1 ttgcctgctg

ctgacatcag

agatag

agatag

ggcatc

//

61 atagatagat
atag

121 atagatagat
atag
181 atagatagat
ttca

241 ttctactaat

1..263

/organism="'Stegastes partitus”

/mol_type='

‘genomic DNA™

/db_xref="taxon:144197"

1..263

/note=""microsatellite SpGATA40"

/rpt_type=tandem

ataattaacg

agatagatag

agatagatag

agatagatag

tagtcgaagc

gactccttac tgcctcatat

ataaatagat agatagatag

atagatagat agatagatag

atatggtgct taaaatatac

aac

-54 -

acaatgatat

atagatagat

atagatagat

atcattgtga


http://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=144197
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=32454086&from=1&to=263&view=gbwithparts

Appendix IV — USGS Survey map of Isthmus of Panama
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