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Abstract

Seagrass meadows are an important coastal marine ecosystem which provide economic,
social and environmental services; such as food production, water quality regulation, carbon
sequestration and flood mitigation. These environments are facing increasing pressure from
human activity. Coastal development, pollution and overfishing directly degrade seagrass
habitat, while rising sea levels and sea surface temperatures associated with anthropogenic

climate change threaten their stability from the cellular to ecosystem scale.

This study assesses the biodiversity and spatial distributions of seagrass and algal speciesina
protected coastal lagoon in San Felipe, Yucatan, Mexico. The Yucatan Peninsula hosts vibrant
marine biodiversity, including fish, invertebrates and migratory birds. The health of the
environment is intimitely linked to the local economy and quality of life in the village of San

Felipe, which has a population of just over 2000 people.

The lagoon displayed high species richness, with over 12 species of seagrass and algae
appearing throughout the habitat. Shoal grass (Halodule wrightii) was the most abundant
species and covered the greatest area, reflecting its tolerance to a range of biotic and abiotic
conditions, and its ability to rapidly adapt to change. Species did show trends in their
distribution, with some showing a preference for the fresher waters by the mangroves to the
east. On the whole though, both individual species distributions and patterns of species
richness were very varied. This study helps to fill knowledge gaps regarding the status of marine

biodiversity in Yucatan, and can inform coastal management and conservation efforts.
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Introduction

Coastal marine ecosystems including mangrove forests, saltmarshes, and seagrass meadows
provide vital economic, social, and environmental services. These habitats are crucial for food
production, water quality regulation, flood mitigation, and carbon sequestration (Mtwana
Nordlund et al., 2016; Cuellar-Martinez et al., 2020; Orth et al., 2020). They also support rich
biodiversity and serve as nurseries for numerous commercially important species. Despite
their value, coastal marine ecosystems remain understudied, limiting protection and

restoration efforts.

Coastal marine ecosystems are under increasing stress from coastal development, pollution
and overfishing. Currently around 40% of the global population lives within 100km of the coast
(Bengtsson et al., 2006; Griffiths et al., 2020), and direct anthropogenic-induced degradation
in these environments is expected to intensify as this figure increases. Coastal habitats are
also vulnerable to rising global mean sea levels and sea surface temperatures (SST), aswell as
enhanced climatic variability, ocean acidification and an increasing frequency of extreme
weather events (Duarte, 2002). It is essential to understand how the structure and function of
coastal habitats will change in response to these multiple interacting stressors (Orth et al.,
2020), particularly as the provision of ecosystem services is so closely tied to the abundance

and diversity of their biological communities.

The Yucatan Peninsula, Mexico hosts rich marine biodiversity. The region is well-known for the
development of Mayan communities and culture, which are intimately linked to the health of
the environment (Duran-Garcia et al., 2016). The study site for this investigation is a protected
coastal marine reserve in San Felipe, which had a human population of 2,118 in the 2020
census (City Population, n.d.). San Felipe supports diverse fish, invertebrates and migratory
bird species, many of which depend directly or indirectly on the seagrass and algal habitats.
The health of these habitats supports the local economy and quality of life, with fishing and
eco-tourism being the primary sources of income in the village (Dewsbury et al., 2016;

Anderson,1989).

Importantly, comprehensive data on the distribution and composition of seagrass and algal
species in Yucatan are lacking. This study aims to address the knowledge gap by mapping the

distribution of seagrass and algal species in the coastal waters near San Felipe, Yucatan. Using



a combination of field surveys and spatial analysis, this study provides baseline data to inform
conservation and sustainable management efforts. The study seeks to contribute to the
broader understanding of these habitats and their role in supporting resilient coastal

communities.

A secondary aim of this project is to investigate the spawning patterns of the American
horseshoe crab (Limulus polyphemus) in San Felipe, contingent on available time. Horseshoe
crabs are ecologically and economically significant, serving as bait in fishing, attracting
ecotourism, providing prey for migratory birds, and acting as predators of bivalves (Botton,
2009; James-Pirri et al., 2005). Additionally, their blood has been a crucial component in human
vaccines for over 45 years, highlighting their biomedical importance. However, this has also led
to increased pressure on their populations, with significant declines reported in recent years
(Maloney et al., 2018). Horseshoe crab surveys can provide insight into population health and

vulnerability to further decline.



Methodology

Study location

The San Felipe Marine Reserve spans approximately 10 kilometres along the coastline and is
situated to the west of the Rio Lagartos Biosphere Reserve, a region well-known for its
biodiversity and ecotourism (Chuenpagdee et al., 2002). Established in 1988 by local fishers
without formal approval from higher governing bodies, the reserve is an important symbol of
community-driven conservation efforts (Chuenpagdee et al., 2002). The study area for this

research focused on the lagoon in Figure 1, covering an approximate area of 3.336 km?.

Figure 1: Satellite imagery of the study site, generated using QGIS.



Fieldwork and data analysis

Fieldwork was conducted over a four-week period between July 21 and August 15, 2024, with
data collected twice daily. Morning sessions took place between 5:00 a.m. and 11:00 a.m., and
afternoon sessions between 3:00 p.m. and 6:00 p.m., to avoid the peak midday heat. A kayak

was used to navigate the lagoon, beginning at the western edge of the study site.

Within the lagoon, the boundaries of smaller polygonal regions were marked out electronically
using a GPS-enabled mobile application. Several geotracking apps were tested foraccuracyin
Merida, prior to the fieldwork period, and the most reliable one was selected for the study.
Within each polygon, all species of seagrass and algae were recorded, and their relative
abundances were visually estimated. When species compositions were observed to shift, a
new polygon was created. This did mean that polygons were highly heterogenous in size and
shape. To assess species compositions, snorkelling equipment was used in areas where
visibility from the kayak was limited. Species were identified using field guides, and these
classifications were later verified online based on observable morphological features.
Underwater photographs captured with a water-resistant camera facilitated this verification,
as did the support of Jeremy and Andrea. No specimens of seagrass or algae were removed

from the study site, adhering to important ethical considerations.

All data, both polygon boundaries and associated species abundances, were uploaded to
QGIS. An overall polygon ‘layer’ was created; each row of its attribute table represented a

single polygon from the study and detailed the relative abundances of each species recorded.

An anchor was used to stabilize the kayak during data collection; however, due to the dynamic
nature of the lagoon's currents, it was not possible to survey every part of the study area.
Nonetheless, over 90% of the lagoon was covered. Species compositionsin unsampled areas,
which generally were small slithers of habitat between two polygons, were inferred based on
the polygon closest or to the north of that area and also based on additional observations
recorded during swimming in the lagoon. Final maps were generated in QGIS to display species

distributions and species richness across the lagoon.



Additionally, temperature and salinity measurements were taken at both high and low tides,
using tide tables (www.tide-forecast.com) to determine tidal timings. Stratified sampling was
used here, to select areas which may mark changes in abiotic conditions, including nearby the
freshwater-filtering mangroves and closer to the entrance to the ocean in the west. A
waterproof thermometer was employed to measure water temperature, while a salinometer
was used for salinity readings. These measurements were taken for both the surface water and
at the bottom of the water column (which was usually no more than 1m deep). Unfortunately,
a full comprehensive dataset of temperature and salinity could not be achieved due to timing
issues (particularly having been delayed by illness), and with the main priority being species

distribution mapping.

Afinal, secondary aim, of the expedition was to collect data on the appearance of the American
horseshoe crab (Limulus polyphemus). Excursions were made after sunset across the lagoon
in a motorboat, with the assistance of Pedro Figueroa. Rough transect surveys were performed,
although this investigation was hindered by low tides, which restricted access to several areas
in the boat. This limited scope for observations. Furthermore, very few horseshoe crabs were
spotted, despite the expertise of Pedro being very useful. This is likely attributable to the
increasing light pollution in the area from nearby villages, which may be deterring the crabs

from emerging at night.


http://www.tide-forecast.com/

Results
12 species of seagrass and algae were identified in total in the lagoon, with 8 genera

represented (Table 1).

Table 1: All seagrass and algal species identified in the San Felipe lagoon.

Picture Species Name Seagrass or Algae

_ |Halodule Wrightii (Shoal Grass) Seagrass

Halimeda incrassata Algae

Thalassia testudium (Turtle Grass) [Seagrass

Penicillus capitatus Algae




Udotea Fibrosa Algae
Rhodomelaceae Laurencia Algae
Caulerpa prolifera Algae
Avrainvillea digitata Seagrass
Caulerpa taxifolia Algae
Caulerpa mexicana Algae
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Caulerpa sertularoides Algae

Ruppia maritima Seagrass

Seagrass and algal composition of the San Felipe marine reserve, August 2024

Ruppia maritima
6.9%

Other
0.3%

Udotea fibrosa
11.3%

H. incrassata
5.3%

H. wrightii
50.2%

Penicillus capitatus
3.3%

C. sertularioides
2.4%

R. laurencia
4.8%

A. digitata
5.9%

T. testudium

4.2% C. prolifera

5.6%

Figure 2: Percentage composition of seagrass and algal species throughout the San Felipe
Marine reserve, as a proportion of all vegetation coverage. To create this chart, the percentage
composition of each species in each polygon was summed. The data did not include spaces in

the lagoon that were filled in’ with inferred data for map production.
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Figure 2 displays the seagrass and algal species composition for the San Felipe lagoon. Shoal
grass (H. wrightii) was particularly dominant, representing over half of the vegetation coverage.
Udotea fibrosa was the second most abundant species, at 11.3%, followed by Ruppia maritima

at 6.9%.

Sand

Halodule wrightii (Shoal Grass)
Udotea fibrosa

Thalassia testudium (Turtle Grass)
Mixture — 3+ dominant species
Mixture — 2+ dominant species

Figure 3: Most dominant seagrass and algal species across the San Felipe lagoon. This figure
was produced in QGIS and is a slightly simplified version of the results of this study. This map
was produced for a poster which will be displayed in the village. ‘Dominant’ species was
defined as the most common species in a polygon, except where 2, 3 or more species all
showed similar percentage abundances (e.g. Halodule wrightii, 20%, Udotea fibrosa, 20%,

Thalassia testudium, 20%).

Figure 3 depicts the most dominant species (or habitat type where sand was dominant) found

across the lagoon. Several areas of the lagoon were dominated by sand, particularly centrally
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and towards the sea entrance to the west. Halodule wrightii, Udotea fibrosa and Thalassia
testudium were all dominant in particular areas of the lagoon, although Thalassia testudium in
much smaller areas. Udotea fibrosa was particularly abundant in the east section of the
lagoon, away from the sea entrance, while Halodule wrightii appears to show no clear pattern
in terms of the locations at which it was dominant. In some parts of the lagoon, two or three
species were all dominant. The species within these mixed-dominance sections of the lagoon

varied spatially as figures 4-10 reveal.

oo N O WN =

Figure 4: Total number of seagrass and algal species identified per polygon (species

richness).

Figure 4 displays species richness across the lagoon, for seagrasses and algae. Species
richness is highly heterogenous. Very few areas show only one species present. The polygons
with the highest number of different species (9) are relatively close to the port (in the centre),
and to the west by the entrance to the ocean. There are some cases in which one polygon

contains 8 or 9 species, while an adjacent polygon contains 3 or fewer species.
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Figure 5: Percentage abundance of Halimeda incressata in the lagoon.
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Figure 6: Percentage abundance of turtle grass (Thalassia testudium) in the lagoon.
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Figure 7: Percentage abundance of Caulerpa prolifera in the lagoon.
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Figure 8: Percentage abundance of shoal grass (Halodule wrightii) in the lagoon.
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Figure 9: Percentage abundance of Udotea fibrosa in the lagoon.
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Figure 10: Percentage abundance of Avrainvillea digitata in the lagoon.

Figures 5-10 display the percentage abundances of select species of seagrass and algae in the
lagoon. Halimeda incressata is found in the southern part of the lagoon and to the west, near
the entrance to the sea, although its abundance does not exceed 40%, and is mostly 10% or
less. Caulerpa prolifera shows a similar distribution to Halimeda incressata, also located in the
southernmost parts of the lagoon, with higher abundances very close to the port. Its
abundance also is rarely above 20% of the surveyed area. Thalassia testudium is not
widespread across the lagoon; it is found away from the mangrove forests along the outskirts
of the lagoon (particularly in the east). It is most abundant towards the west of the lagoon, and

is also found close to the portin places.

Avrainvillea digitata was found generally throughout the whole lagoon, however, it was found
more frequently towards the west side, centrally and closer to the port. It only representated

greater than 40% of the area of one polygon, which was found very close to the sea entrance in
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the west. Udotea fibrosa is not as widespread across the whole lagoon and is found close to
the mangroves across the east side of the lagoon. However, it is found in relatively high
abundances where present. The species with the greatest spatial coverage is Halodule wrightii,
found across the vast majority of the lagoon. Its abundance is greater than 80% at several spots,

and often at greater than 40%. Its relative abundance is heterogenous across the lagoon.

Discussion

This study provides a baseline understanding of the biodiversity of key primary producers, in a
complex environment of interacting abiotic and biotic stressors along the coast of San Felipe.
12 species of seagrass and algae were identified within the lagoon, and their distribution was
spatially heterogenous. There is also great taxonomic diversity, with most species being
members of different genera. Figure 4 shows that species richness was highest towards the
west side of the lagoon closer to the sea entrance and closer to the port. This was somewhat
unexpected; it was thought that species richness would be lower closer to the port due to
higher levels of pollution from petrol-based fishing boats (e.g., Zhang et al., 2023). However,
pollution may only be a moderate disturbance in this ecosystem, given the protected nature of

the lagoon, which limits fishing activity.

Overall, the lagoon is more diverse and displayed greater vegetation coverage than expected,
particularly given recent hurricane disturbance across the Yucatan Peninsula (for example,
from Hurricane Beryl and Helene in 2024) and the imminent effects of anthropogenic climate
change. Its diversity may relate to the Intermediate Disturbance Hypothesis (e.g., Madon et al.,
2023), which suggests that species richness can be higher when the ecosystem is subject to
intermediate levels or frequencies of disturbance, as this can prevent competitive exclusion
without completely eliminating species. This creates opportunities for a mix of tolerant and
opportunistic species to coexist (Madon et al., 2023). It may explain the high species richness
close to the port, and also its persistence despite damaging hurricane disturbance, with varying
intensity, occurring over seasonal and interannual timescales. Hurricanes are recognised as a
key disturbance to marine ecosystems on the coasts of Yucatan (e.g., Gomez et al., 2022). They
are associated with both physical and physiological damage, due to the physical force of the

winds and wave action, sedimentation, increased freshwater run-off, also associated thermal
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changes (typically sudden drops in temperature) (Gémez et al., 2022; Van Tussenbroek et al.,
2006). Van Tussenbroek et al. (2006) identified damage to the reproductive cycles of important

seagrass species in response to hurricane-induced thermal anomalies.

Shoal grass (Halodule wrightii) was both the most spatially extensive species in the lagoon
(Figure 8), and the most abundant species overall, representing over half of total vegetation
coverage in the lagoon (Figure 2). Shoal grass represented at least 80% of the surveyed area at
several sites across the lagoon; in the centre of the lagoon, at the entrance to the ocean in the
west, and close to the mangroves and entrance to the Rio Lagartos reserve in the east. Shoal
grass can tolerate relatively high levels of disturbance, and a broader range of conditions
compared to other species, including relatively high pollution and disturbance from shipping
closer to the port, as well as higher salinities towards the ocean and lower salinities around the
mangroves (e.g., Biber, 2022). A recent study revealed the species could tolerate particularly
low salinities in Mississippi, having survived over 12 months at 5 parts per thousand (ppt), a
considerably lower salinity than its typical environmental conditions (Biber, 2022). Shoal grass
is widely distributed along the coasts of Mexico, as well as the eastern United States and Brazil.
Itis also found along the coasts of India, and the east and west coasts of the African continent.
Its distribution across different latitudes and under the influence of varying nutrient
availabilities, temperatures, sediment accumulation, ocean currents and tidal patterns
reflects its ability to survive in a diverse range of conditions (Figure 11; Rivera-Guzman et al.,
2017). Rivera-Guzman et al. (2017) also note the species’ ability to survive atmospheric
exposure at low tide times, and that its most ideal conditions are summer surface-water
temperatures of over 20°C, which suits the Yucatan Peninsula very well. The traits discussed

mean it is unsurprising that the species was most dominant in the San Felipe marine reserve.
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Figure 11: The distribution of Halodule wrightii globally, taken from Rivera-Guzman et al. (2017).
The numbers refer to study sites in the researchers’ study, so can be ignored in the context of

this report.

Ruppia maritima was the second most abundant species in the lagoon (Figure 2). This species
commonly cooccurs with Halodule wrightii (e.g., Pulich, 1985; Dunton, 1990). Avrainvillea
digitata was found across the lagoon. While it was not the most dominant species in many
polygons, its wide distribution also reflects its relatively broad environmental tolerances.
Interestingly, Avrainvillea species in the Yucatan contain important antioxidants and protective
enzymes, which can provide defence against UV radiation in tropical environments (Zubia et
al., 2007). Udotea fibrosa was also highly abundant across the lagoon, although it showed a
slightly more nuanced spatial pattern than Halodule wrightii, with it being more abundant
towards the east of the lagoon. This may reflect a preferred tolerance for slightly lower salinities
further from the ocean, and its distribution close to the mangroves also suggests it may be able
to withstand freshwater inputs. Udotea species have been shown to be relatively resistance to
disturbance, being one of the first genera to dominate following a Harmful Algal Bloom (HAB) in
2011-2012 on the northern coast of Yucatan (Aguilar-Trujillo et al., 2017). There is less generally
research available for Udotea species in comparison to Halodule, however, perhaps asitis less

widespread globally.
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The biological characteristics of Halodule wrightii and other seagrass species in the San Felipe
lagoon promote their success. Bercovich et al. (2019) studied seagrasses along environmental
gradients in the Lagoa da Conceicao coastal lagoon in South Brazil, and found two seagrass
species, including Halodule wrightii, to be very tolerant of a broad range of environmental
conditions across the lagoon. The authors suggest that phenotypic plasticity displayed at
different organisational levels in different species, is important for their tolerance. Halodule
wrightii focussed its phenotypic responses at the biochemical level and at the meadow / shoot
level. These modifications support its long lifespan and allow it to alter its photosynthetic
performance in response to varying light, water and carbon dioxide levels. Halodule wrightii
also responded to sediment size, with higher shoot densities observed in fine sands (Bercovich
et al., 2019). Intraspecific differences in the morphology and function of the seagrass species
within the same lagoon allows the species to be found in a wide range of conditions (Barros and

Rocha-Barreira, 2014; Sordo et al., 2011).

It is important to consider exactly what the protected area status of the San Felipe lagoon
means for its coastal ecosystems. The reserve was established by a community initiative, and
its main focus is the management of fisheries. It is important to note that the reserve receives
only limited financial support from its municipality and is not officially recognised by federal
governments or the state (Chuenpagdee et al., 2002). Nevertheless, the restrictions on fishing
imposed by the local community likely support the seagrass and algae assemblages indirectly
via the reduction of pollution and physical damage from fishing boats, and via the maintenance
of herbivory which can in turn prevent the competitive exclusion of particular vegetation

species.
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Limitations of the study

The irregularity in shape and size of the polygons is not particularly ideal; it makes comparison
trickier and creates the impression of sharp transitions between habitat types and species
assemblages, when the reality is often smoother and more nuanced. If more time was
available, it would be great to conduct the study using even smaller polygon sizes, perhaps
allowing us to capture this complexity better. A gridded approach, with relatively small grid

cells, would allow the production of raster maps which may make visualisation easier.

There is uncertainty across different stages of the study. For example, in snorkelling to identify
species and in taking care not to damage the underwater habitat, it will have been possible to
miss species hiding below others or covered by sediment. In creating the maps in GIS, there
may also have been issues when filling in the small areas of habitat with no direct associated
data, and it is not possible to know whether this data filling was accurate, although this was

done in the fairest way possible.

Of course, additional limitations include the issues with collecting temperature and salinity,
and horseshoe crab data. Low tides and light pollution limited data collection for the latter.
Nevertheless, the main priority of the expedition, to assess species distributions across the

entire lagoon, was achieved successfully.

Future research

Several further investigations could be performed in the same lagoon to extract more insight
into the ecological and biogeochemical dynamics of seagrass ecosystems in an increasingly
hostile climate. Perhaps an identical study could run in a year or several years, to facilitate
understanding of the stability or fragility of current species compositions. Ideally, the study
would also be performed following hurricane disturbance, to assess the resilience of the
ecosystems to extreme weather events and perhaps to test the Intermediate Disturbance
Hypothesis in this setting. This is particularly important, as hurricanes are expected toincrease
in frequency and strength under anthropogenic climate change in the Yucatan Peninsula, and
given that Yucatan already has the highest rates of major hurricane landfall in Mexico
(Appendini et al., 2019). It would be interesting to explore whether there is a threshold beyond

which the Intermediate Disturbance Hypothesis perhaps does not hold true in its stimulation
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of biodiversity in these coastal settings, although such study may require expensive modelling

and long-term monitoring.

It would be interesting to monitor the rate at which particular species reappear following
disturbance, although the frequency of monitoring required for such study may be logistically
and financially taxing. In the comingyears, remote sensing techniques could be applied for this
monitoring, although the spatial resolution required to identify particular species is not yet
possible in widely-available satellite data. The use of unmanned aerial vehicles (UAVs) or
underwater drones would help to achieve surveys with greater spatial scale than fieldwork
currently allows, although again, this work would be expensive. Something that would be more
feasible but perhaps equally as valuable would be to maintain communication with the local
people of San Felipe, whose livelihoods are so intertwined with the marine environment and
whose knowledge is temporally extensive. Changes in fish stocks noted by local fisher people
can provide insight into the health of the seagrass ecosystems which they rely upon for shelter
and food. Several studies have noted that changes in the structure of seagrass communities
can drive changes in fish assemblages (e.g. Jones et al., 2021). Local traditional knowledge will
be essential in the conservation of Yucatecan sea grass ecosystems in the coming decades

(e.g., Newmaster etal., 2011).

It would be useful to explore parameters such as biomass and shoot density of species in the
lagoon, for example (as done by Biber, 2022 for Halodule wrightii in Mississippi). This data
could provide greater insight into the growth responses of particular species to variables like
temperature, salinity and turbidity. It would also allow better estimation of the biospheric
carbon storage within these coastal Yucatan ecosystems. Ideally, this study would be
performed at intervals of a year of several years to explore whether key biological

characteristics are changing under sea level rise and increased storm frequencies.

A final avenue for further research would be to explore the impact of protected area status on
the Yucatan coast. Perhaps the study could be performed at a different site along the coastline
which is not afforded the same level of environmental protection, to give insight into the extent
to which these policies may impact biodiversity. It is important to be critical of the protected
area status here; perhaps it would be useful to quantify, say, the number of fishing outings per

dayin each location, for better comparison.
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Conclusion

In summary, seagrass and algal species richness across San Felipe’s marine reserve was
relatively high; likely due to a combination of environmental management efforts (i.e., the
creation of a protected area), intermediate disturbances such as storm activity and pollution
from fishing boats limiting the competitive exclusion of species, and the tolerance of many
species to a broad range of conditions. The study could be improved by conducting species
surveys in smaller polygonal areas to better capture the nuanced transitions between habitat
types in the lagoon. Future research may consider further the impact of protected area status
on coastal communities along the coast of the Yucatan Peninsula by making comparison with
a lesser protected area; or delve deeper into the biochemical and physiological growth
responses of species to changes in temperature, sea level and the dynamics of extreme

weather events associated with anthropogenic climate change.
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An account of the expedition

(Extract from Niamh Barry’s report for Collingwood College Student Opportunities Fund)

In the summer of 2024, we undertook a five-week
research expedition in the Yucatan Peninsula,
Mexico. The main aim of the expedition was to
explore the distributions and ecological
characteristics of seagrass and algal species in the

coastal waters of San Felipe, a small fishing

village. Seagrass ecosystems provide important habitats for diverse fish and invertebrates,
and efficiently sequester carbon dioxide, so their conservation is particularly important in the
fight against climate change. The project operated in collaboration with the local people of
San Felipe, the Comision Nacional de Areas Naturales Protegidas (CNANP) and Ecoteknica

(an environmental consultancy based in Merida, Mexico).

We were fortunate enough to stay with a local family for the duration of the expedition,
allowing us to become immersed in a new culture, improve our Spanish and develop a more

personal understanding of how coastal communities are likely to be impacted by

environmental change.

The expedition began in the city of Merida, where we
planned our research methodology and undertook training
for the expedition. This included snorkelling and kayaking
practice! It was also great to explore the city of Merida and
- the surrounding areas — we visited Mayan ruins and ate
: delicious street food! It was great to spend time with
Professor Jeremy Thomason and Andrea Gutierrez and
learn about their work; this opened our eyes to various
academic and industrial opportunities that we had not

previously considered!

We then travelled (; San Felipe, where we carried out our fieldwork for just over a month.
This research involved identification of seagrass and algal species on the sea floor of the
coastal lagoon. We noted species compositions and exact geolocations and later used GIS
software to create maps of the underwater world. We experienced incredible sunsets from
our kayak before we finished work for the day, with flamingos flying over our heads!
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We produced a poster to be displayed in the village centre of San Felipe, and on the final
day of the expedition we presented our results to the mayor.

Aside from our fieldwork, it was great to form close bonds with our host family and their
extended family members too. We laughed so much despite the language barrier! We ate
traditional food, attended religious services, and experienced incredible dancing and music
at the fiesta de Santiago, a week-long celebration in the village.

There were of course some challenges along the way, including adjusting to the high
temperatures of over 40°C, having an allergic reaction to mosquito bites, and learning to
sleep comfortably in a hammock!
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This opportunity allowed us to improve our knowledge of coastal marine biology, and the
economic importance of these habitats. It has enhanced our desire to work to conserve
valuable ecosystems in a way that supports local communities whose lives are intertwined
with the health of the environment.

We are grateful for the generous support of the Durham University Expedition Society. We
hope to ‘give back’ in the future through our work to conserve important ecosystems and
support communities vulnerable to climate change.
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Appendix

Below is a copy of the poster produced for the village of San Felipe and presented to the mayor of

the town on the final day of the expedition.

El medio marino de San Felipe

San Felipe is home to a beautiful and diverse
underwater world! Important seagrass and algae
ecosystems cover the seafloor, from the port to the
mangroves. These ecosystems provide important
habitat for a variety of fish and invertebrates,
including horseshoe crabs! The surrounding
mangroves protect the coastline against the
impacts of storms and are nursery grounds for
young fish.

The marine ecosystems of San Felipe are essential
for fighting climate change. Both mangroves and
seagrasses are excellent ‘carbon sinks’. They remove
carbon dioxide from the atmosphere as they grow,
which helps to slow global warming.

Sand

Halodule wrightii (Shoal Grass)
Udotea fibrosa

Thalassia testudium (Turtle Grass)
Mixture — 3+ dominant species
Mixture — 2+ dominant species

|\ Thalassia
i testudium
(Turtle Grass)

Udotea fibrosa
Most dominant seagrass and algal species across the San Felipe lagoon

San Felipe’s marine environment is complex and varied, due to the mixture of
freshwater filtered by the mangroves, and saltwater from the sea. The temperature
and salinity of the water varies throughout the lagoon, creating different
‘microhabitats’ which are inhabited by different species.

We are grateful to the people of San
Felipe for being so welcoming during our
stay. Thank you very much!

Niamh Barry and Anna Gallagher Gill

Figure 12: A copy of the poster produced for the village of San Felipe.

Medical matters

There were no serious medical matters during the expedition. The only issues were a reaction

to mosquito bites (Niamh), which was solved using cream from a local pharmacy, and on the

second weekend of the trip, Niamh had some stomach issues, which were also treated with

some tablets from the pharmacy.
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