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About us
New for the 2020 season, we have started
collecting water samples at three sites to the
north, west and south of Tobacco Caye and
conducting chemical analysis for pH,
ammonia, nitrate, nitrite, and temperature.
This monitoring is in line with United Nations
Sustainable Development Goal Number 14:
Life Below the Water - 14.3 "Minimize and
address (monitor) the impacts of ocean
acidification" 

Finally, TCMS has been successful in
partnering with Healthy Reefs for Healthy
People to establish a captive population of
Caribbean King Crabs, with the goal of
breeding them to release onto the barrier reef.
This will benefit the reef as the crabs graze on
macroalgae, therefore bringing many benefits
of lower macroalgae cover.

Tobacco Caye Marine Station (TCMS) is a
marine-based research and education centre
based on Tobacco Caye, Belize that offers
immersive and experiential learning
opportunities for study abroad groups
worldwide. We host approximately 500
students a year and introduce them to the
marine environment of Belize. 

At TCMS we are very passionate about
helping the local community and protecting
the local environment which is why we have
set up our projects to help students and
tourists learn more about the delicate
ecosystem balance present around Tobacco
Caye. 

what's new?
SO FAR
our story

47 LIONFISH 719.02 LBS OF
TRASH

226 CORALS 

NEW!



What has changed in a year? 

Lionfish adapt and learn quickly to avoid areas
where they are heavily hunted. They are
extremely widespread (ecological generalists)
with our sightings including mangroves,
seagrass, shallow rock and cave areas, patch,
back and fore reef habitats. Lionfish have even
been documented as deep as a 1,00ft by ROV. 

We have noticed that older lionfish, ones that are
14cm or larger were more present in 2019 and at
the beginning of 2020. The top 15 smallest
lionfish we have ever caught were caught toward
the end of the 2020 implying that juvenile lionfish
have not yet learnt where areas of active hunting
are yet. 

Lionfish are invasive!

Lionfish are a big issue not just in Belize but
across the whole of the Caribbean, Central
America, and East Coast of America. Tobacco
Caye Marine Station is attempting to actively cull
lionfish populations and gather data to determine
population abundance and distribution of the
species around the South Water Caye Marine
Reserve.

Lionfish are voracious predators!

Dissections of lionfish stomachs at Tobacco
Caye Marine Station have shown that they are
voracious consumers of juvenile fish species.
Our findings show that long thin solitary fish that
reside near the bottom are most vulnerable. Prey
species found in lionfish stomachs are:
-Juvenile Parrot fish
-Shrimp 
-Sardine/Sliversides
-Seahorses 
-Juvenile Squirrel fish 

These are many fish species that Belize’s coastal
communities and the country’s economy depend
on. 

Methodology

Our methodology of culling lionfish has been
refined this year with the addition of a Zookeeper
containment unit (a purpose built containment
unit for lionfish) for safe capture and
containment of lionfish.  

After capture with a pole spear and the
Zookeeper unit, the lionfish are taken to the
classroom where we:
-Weight the whole fish including spines in grams 
-Measure standard length (cm)
-Measure mouth width (cm)
-Measure mouth height (cm)
-Dissect so we can document what prey species
are at risk of predation and to determine the
scale of their feeding. 
-Check gender and presence of mature egg sacks
in females
-Fillet the lionfish for use in a variety of local
dishes including ceviche. 

LIONFISH DATA
2020



In summary TCMS caught 47 lionfish,
topping the 28 caught in 2019. The
majority of lionfish caught in 2020
were found in depths of approximately
60 feet on the forereef, caught whilst
scuba diving. All lionfish were caught
during the day where they were seen
resting under rock ledges, in caves and
on coral heads. 
The most consumed prey species was
shrimp which was found in 8 lionfish. 
The largest lionfish captured measured
29.9 cm long breaking 2019's record
and the smallest was 5.2cm again
setting a new record. 
Egg sacks were only found present in
six individuals meaning TCMS stopped
the release of approximately 300,000
eggs. 
The man made structure was a dock
located off of Tobacco Caye, called
Sunset Bar Dock.

ANNUAL
STATISTICS
2020

5.2 - 29.9
CENTIMETERS

AVE = 16.9

3.6 - 614.5
GRAMS

AVE = 173.8



The presence of this fish poses a huge threat to
existing commercial fish populations. The red
lionfish has the potential to cause significant
losses to the recruitment of native fish, in turn
disrupting coral reef community dynamics in
the Belize Barrier Reef Reserve System, a
UNESCO World Heritage Site.

In their native habitat (Indio-Pacific), predators
of lionfish have developed adaptations to the
neuro-muscular venom in the lionfish’s 18
spines. These adaptations to the venom mean
natural predation occurs which keeps the
population in check. In the Atlantic our apex
predators such as groupers, sharks, moray eels
and snapper have not evolved with these
adaptations, therefore natural predation of
lionfish doesn’t occur yet. 

ISSUE?
Lionfish are members of the family
Scorpaenidae (Scorpionfishes) which includes
many of the world’s most venomous species.
Lionfish are originally native to the Indian and
Pacific oceans but two species (Pterois)
volitans and P. (miles) were introduced to the
Atlantic in 1986 by accidental release from
storm damage to aquariums and careless
dumping from the pet industry. From the mid
1980’s lionfish have spread throughout the
West Atlantic, including as far north at New
York and Bermuda and as far south to
Venezuela. Lionfish were first recorded in
Belize in December 2008 at Turneffe Atoll and
on the Belize Barrier Reef in January 2009 and
their numbers have been increasing
dramatically ever since. 

The Belize Fisheries Department conducted a population assessment in 2015 and estimated that
733,257 lionfish were present on the Belize Barrier Reef (including the main barrier, backreef and
atolls). Across the Belize Barrier Reef, the South Water Caye Marine Reserve where Tobacco Caye
is located was estimated to have the highest numbers of lionfish. In No Take Zones (NTZ), the
observed density of lionfish far exceeded predicted threshold levels, indicating that urgent
management to prevent loss of fish biomass and species richness is required in NTZ areas.
Tobacco Caye is located within a conservation zone of a marine protected area, this is defined as
a NTZ. That is why Tobacco Caye Marine Station’s lionfish culling campaign is of paramount
importance, to reduce observed lionfish below the threshold value! 

What is the



FINISH?
Where did we

The impact of COVID-19 resulted in our study
abroad calendar ending in March 2020. As a
result we were limited to searching for
lionfish in swimming distance from the
island since we weren't running our usual
snorkel excursions around the South Water
Caye Marine Reserve. 

With the groups we were able to host we
found lionfish again at our mangrove snorkel
site and during dive trips to Emilys Cut and
South Water Caye.
The largest number of lionfish were caught
diving at the forereef at Emily's Cut.

Goals for 2021 include: 
- Obtaining better equipment for
removing and culling lionfish. As well as
better equipment for collecting
research data. 
- To remove more lionfish than 2020. 
- Increase the search area for lionfish
within the South Water Caye Marine
Reserve. 
- Engage local people to help us catch
and therefore research more lionfish. 
- Increase awareness about the impact
the invasive lionfish is having on the
Belize Barrier Reef with locals and
student groups. 



COMPARE?
How did the years

2019 and 2020 lionfish culling project comparison:
- We successfully culled more lionfish during the 2020 season compared to the 2019
season despite the reduced operation of TCMS during the COVID-19 lockdown. 
- We identified two new habitats where lionfish reside: 
              - Shallow rock/rubble patches 
              - Shallow cave systems 
- We did successfully expand our search area for lionfish during a dive excursion to
Emily's Cut with this being the first site where we removed lionfish from outside the
South Water Caye Marine Reserve. 
- We also successfully upgraded our equipment to a purpose built lionfish containment
unit from Zookeeper. We also invested in pole spears purpose built for spearing lionfish. 



REEF CLEAN 
DATA

Be the solution to ocean pollution!

Our reef clean project engages students in
helping to tackle the global ocean plastic
pollution problem and leaves them with a lasting
memory of helping the environment. This year we
successfully partnered with National Geographic
and Morgan Stanley’s marine debris tracker app
and you can now find TCMS as a registered
partner on their app and use our collection list
when collecting litter near waterways in Belize. 

Let's collect trash! 

Methodology:

Our methodology of recording trash has evolved
over the year. We now log every item collected on
the marine debris tracker app. 
We have also added in water collection tallies to
our data collection. Thank you to the university of
Minnesota for helping to remove submerged
trash. 
Volunteer tourists also allowed us to expand our
collection area from the reef crest south of
Tobacco Caye to include Tobacco Caye as well. 

Small chages = BIG Impacts!

Thank you to the 9 groups that made it to
Tobacco Caye before COVID-19 lockdown was
enforced. Together our small change of taking a
couple of hours to clean the reef crest adjacent
to Tobacco Caye has resulted in a BIG impact
removing over 719lbs of trash and over 24,000
individual items from the Belize Barrier Reef
UNESCO World Heritage Site.

Thank you Belize Fisheries
Department!

The Belize Fisheries Department and Tobacco
Caye Marine Station continue to work together in
collaboration since 2008. We thank the Belize
Fisheries Department for granting us continued 
 access to the UNESCO World Heritage Site of the
Belize Barrier Reef Crest in order to undertake
our reef crest trash collection project. 

2020



ANNUAL
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In summary TCMS had 9 groups 
 combined of tourist volunteers, groups
and continued clean ups for CEFAS, all
participate in our reef clean. All those
groups combined collected over 719lbs
of trash and 24,772 individual items
from the reef crest, in water around
Tobacco Caye and from Tobacco Caye
itself!
A huge thank you to our study abroad
groups who took part in our reef clean:

-Red Rocks Community College
-World Leadership School Veil
Mountain School
-University of Minnesota
-Michigan State University 

24,772
INDIVIDUAL

ITEMS

The University of Minnesota helped us conduct our first
in water collection collecting 112.22 lbs of trash and 716
items!

719.02 LBS!

In total, TCMS’s reef
clean project from
2018-2020 have
removed 1,821.92lbs of
trash and 38,733
individual items! That
is roughly half the
weight of an average
car!



1. Plastic Pieces 0-2.5 cm 

4. Bottle Caps

2. Styrofoam Pieces

3. Plastic Pieces 2.5-50cm

5. Plastic Bottles

6. Plastic Cutlery

7. Shoes/Soles

8. Plastic Pieces 50+cm

9. Plastic Cosemetic
Bottles

10. Plastic Bags

3,943

3,711

4,343

4,898

1,362

748

877

635

376

307



WINNERS OF OUR GOLDEN
GLOVE COLLECTION AWARD:
UNIVERSITY OF MINNESOTA - 377.62LBS 

HIGHLIGHTS



What are we
doing with the
trash?

We are establishing partnerships with the Caribbean Advanced Recycling
Institute (CARI) and Marine Debris Tracker to create a monitoring, collection
and disposal schemes for our reef clean trash. Hopefully, the disposal scheme
with CARI should be active from 2022 in Belize.

1

3
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Plastic Bottle Greenhouse

We are using plastic bottles to make a
greenhouse for our oregano to grow in
the garden. 

Cancer drive Partnership

We support a cancer drive campaign
in Dangriga where if 1,000 good
condition bottle caps are donated to
be reused Hope Dangriga will offer a
free cancer chemo treatment. 

Treasure from trash

We donate good condition clean
bottles to the market to be reused
and we make lanterns out of dirty or
broken glass bottles.



Lets collect data!

Using the colour chart and data sheet
below students and tourists at Tobacco
Caye are able to assess the extent to
which corals within the categories of
boulder, branching, plate and soft are
bleaching and/or are bleached. 
All of the surveying is undertaken during
snorkelling excursions.
CoralWatch developed the Coral Health
Chart in 2002. The chart standardises
changes in coral colours, and provides a
simple way for people to quantify coral
health and contribute to the CoralWatch
global database.

CORAL WATCH 
DATA

Citizen Science on the Reef

The CoralWatch Project started at TCMS in
2019 is now in its second year. It was
originally founded by the University of
Queensland and is a citizen science project.  
CoralWatch integrates global coral health
monitoring with education and public
outreach creating reef awareness using
simple and engaging tools. This provides
people with accessible information about
coral reefs, climate change and provides
hands-on experience collecting scientific
data on coral bleaching using the Coral
Health Chart.

2020

https://coralwatch.org/


TCMS groups and students have
proudly assessed 226 corals for signs of
bleaching with the use of CoralWatch
materials. This is unfortunately down
on 2019, however we are attributing
this to a reduction in visitors and
students to Tobacco Caye due to the
lockdown measures as a result of
COVID-19. 
 
All the data submitted to
CoralWatch.org will be made available
on their project website. This will make
it possible to compare the condition of
many different reefs at any one point
in time, as well as the condition of a
single reef over time!

ANNUAL
STATISTICS
2020

226 CORALS
SURVEYED



SURVEY?Where did we



Beginning in March 2020 our chemical water sampling project was set up
to establish baseline data points to monitor water quality for temperature,
pH, Nitrite, Nitrate and ammonia.

We are monitoring parameters of seawater in order to anticipate events
where the ecosystem could come under stress, or to explain any negative
effects that are observed. 

We are also conducting these tests in line with the United Nations
Sustainable Development Goal (SDG) no.14 (Life Below the Water), as
monitoring the impact of ocean acidification and reducing the impact of
acidification is a key goal of SDG 14. 

CHEMICAL WATER
SAMPLING

For ammonia and nitrite, we are
always hoping the level will be 0ppm
as any level above this can harm fish.
The presence of ammonia indicates
inadequate biological filtration. 

For nitrate it is widely accepted that a
low level improves the health of fish
and invertebrates because an
excessive amount provides a nitrogen
source than can stimulate algal
blooms. 

For pH we are looking for
levels between 8.2 and 8.4.
This ensures that seawater
remains slightly base which
is essential for calcifying
organisms such as coral. 

We have set up three monitoring sites to the North
(16.8999445326648, -88.0608543001014), West
(16.8990274816153, -88.0618127727652) and South
(16.8962643152906, -88.0626236080476) of Tobacco
Caye. 

The northern site is a shallow rubble area with lots of algal
growth (typically green and brown algae). The western site
is located off of the dock at sunset bar in a sandy and
seagrass habitat. Finally, the southern site is located in the
back reef, a 3m deep site near pillar coral. 

Using the saltwater master test kit from Aquarium
Pharmaceuticals (API) we collect chemical test results once
a week. 

BACKGROUND: TESTING FOR PH:

AMMONIA AND NITRITE: NITRATE:

METHODOLOGY:



OUR RESULTS 

pH is a measure of acidity or alkalinity of a
solution on a logarithmic scale, on which 7 is
neutral. Lower values are more acid and
higher values more alkaline.
Average for North Site: 8.1
Average for West Site: 7.9
Average for South Site: 8.0
All these values are below the
recommended guidelines of 8.2-8.4. This is
worrying because the pH scale is logarithmic
so small changes from 8.4 to 8.0 can have
big harmful effects on marine life,
impacting chemical communication,
reproduction, and growth.

PH:

Beneficial bacteria during biological
filtration convert toxic ammonia into nitrite
(also toxic), which is then converted to
nitrate. High levels indicate a build up of
fish waste and organic compounds,
resulting in poor water quality which can
contribute to disease and can stimulate
algal blooms. 
Average for North Site: 3.7ppm
Average for West Site: 3.8ppm 
Average for South Site: 3.2ppm 
These recorded levels are not considered
high and indicate that the biological
filtration system is working effectively and
that there is no contamination from
wastewater supplies from Tobacco Caye. 

NITRATE:
Beneficial bacteria during biological
filtration convert toxic ammonia into nitrite
(also toxic), which is then converted to
nitrate. High levels can prevent fish having
normal respiration. 
Average for North Site: 0ppm
Average for West Site: 0ppm 
Average for South Site: 0ppm 
Trace amounts can stress fish, supressing
their immune system. Therefore, we are
pleased to report no trace amounts of nitrite
were recorded at any sites. 

NITRITE:

Fish continually release ammonia directly
into the water through their gills, urine, and
solid waste. Uneaten food and decaying
matter also contribute to ammonia. 
Average for North Site: 0.29ppm
Average for West Site: 0.41ppm 
Average for South Site: 0.55ppm 
As indicated by our results trace amounts of
ammonia have been detected at each site
which can stress fish because ammonia can  
supress their immune system, however this is
usually only common with levels exceeding
2.0mg/L.

AMMONIA



CRAB
PROJECT
H E A L T H Y  R E E F S  I N T I A T I V E

H E A L T H Y  R E E F S  F O R  H E A L T H Y

P E O P L E



CARIBBEAN KING CRAB
AQUACULTURE PROJECT IN
PARTNERSHIP WITH THE
HEALTHY REEFS INITIATIVE 

Proliferation of macroalgae threatens coral reef resilience as macroalgae

can overgrow coral polyps, prevent larval settlement and compete for

space with coral colonies. One cause of algal overgrowth is linked to low

herbivore populations. 

In partnership with the Healthy Reefs Initiative, TCMS hosted an intern and

together managed a project to breed Caribbean King Crabs, (Maguimithrax

spinonsissimus) - a key algal herbivore, in captivity in order to study

breeding habits to help increase their population on the reef. 

Caribbean King crabs are large herbivores. They feed on macroalgae and

their grazing rates may be higher than some parrotfish species. 

TCMS is assisting the Healthy Reefs Initiative (HRI) with phase two of their

project which is learning to rear juveniles and determining optimal crab size

and density needed for herbivory restoration. 

TCMS hosted an intern on behalf of HRI for 5 months in 

2020 and are proud to offer scientific facilities, food and 

board and local knowledge to assist in research 

projects local to Tobacco Caye. 

Methodology:

A constructed metal cage with a chicken 

wire mesh was situated North of Tobacco 

Caye (16.8999445326648, 

-88.0608543001014). Inside a ratio of 1 

male to roughly 4-5 females was

 maintained in an attempt to encourage 

pregnancies.

 

Daily checks were performed which included

 harvesting Dictyota algae for feeding the

 crabs and to check females for signs of 

pregnancy.



IMPACT AND
RESULTS

Impact:

HRI and Fragments of Hope translocated

adult crabs onto two protected reefs in

Mexico and Belize. Patch reefs in Mexico

showed a stronger reduction in turf algae,

while Belize had a decrease in turf and fleshy

macroalgae. Both sites had an increase in

crustose coralline algae, providing a

substrate to promote coral growth. 

Result:

The project at Tobacco Caye has not been

without its complications in terms of cage re-

design and the crabs responding to life in

captivity. TCMS in July 2020, is proud to

confirm the first pregnant female and

welcomed juveniles in mid-August.


