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Foreword 
 
 

This report of the not-for-profit 
organization Progressive Environmental 
Solutions is the first in a series of reports 
that will be published over the coming 
years. Progressive Environmental 
Solutions has committed to an agreement 
with various organizations and 
individuals to continue the project ‘Lac – 
Implementation of long term monitoring 
and research plan –’, started in January 
2007. For the coming years Progressive 
Environmental Solutions will be 
concerned with the continuation of this 
project, the developments in and around 
the area and the policymaking for the area. 
This publication and the underlying 
dataset will be the foundation for the 
strategy that will help to enable the 
sustainability and conservation of this 
unique area. 
 
The information written in this publication 
will give a basic understanding of the 
hydrology in the open lagoon and the 
mangrove sub-basin of Lac and the role of 
Lac in the regional ecosystem of Bonaire. 
References are provided for those seeking 

in-depth information of specific aspects in 
this publication. 
The chosen format, the lay-out and the 
level of presentation are intended to make 
this publication adaptable to diverse needs 
such as the preparation of environmental 
impact studies, a template for future and 
ongoing monitoring, and the development 
of a sense of the importance of this 
resource to those citizens who control its 
fate. 
 
Because the volume of data resulting from 
daily monitoring is extensive, the decision 
was made to keep the full dataset separate 
from this report. The digital dataset is 
available upon request. 
 
Any questions or comments about or 
requests for this publication should be 
directed to: 
 
Progressive Environmental Solutions 
Lighthouse Beach Resort #15 
Punt Vierkant Bonaire, N.A. 
 
info@proes.org 
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Summary 
 
 
The following report is the first in a series 
about the ongoing monitoring in Lac.  This 
report serves to provide a comprehensive 
explanation of the methodology and 
results from the monitoring that was done 
in Lac during 2007.  
 
The source and movement of water are 
very important for assessing wetland 
function and predicting how changes in 
wetlands will affect the associated basin.   
Linkages between wetlands, uplands, and 
deepwater habitats provide a framework 
for protection and management of 
wetland resources.   
 
Information from prior studies and recent 
data collected from a year long monitoring 
series were used to evaluate the hydrology 
in the open lagoon and the mangrove sub-
basin of Lac, the effect of the hydrology on 
the overall health of Lac and morphology 
and the role of Lac in the regional 
ecosystems of Bonaire. 
 
The monitoring activities were initially 
proposed to the Bonaire Marine Park 
(BNMP) to achieve a greater level of 
understanding of the factors that are 
influencing Lac both positively and 
negatively.  Only through increased 
understanding can any future plans for 
restoration and protection measures be 
devised.  This series of reports can then be 
used by BNMP and the authorities to assess 
the sustainability of any new proposed 
plans to use the area for recreation and 
tourism.  Any proposed plans for building 
in Lac and thereby increasing potential 
tourism, will ultimately be useless if the end 
result is the destruction of the environment 
that people are coming to enjoy.   

Having a program already in place will 
prove to be an invaluable warning tool as 
pressure from tourism increases and in the 
event of other environmental changes.   
 
In 2007, field monitoring activities 
determined that the hydrology of Lac is 
highly variable and dependant on 
seasonal as well as tidal influences. In the 
mangrove sub-basin areas the salinity 
ranged from 24 p.p.t to 186 p.p.t. during 
periods of very low water events and 
periods of high water events respectively. 
The water from the open lagoon of Lac 
circulates mainly through Kreek di Pedro 
and Kreek di Coco into the mangrove sub-
basin.  
 
Only during extreme high water events 
does water delivery occur across the Isla 
di Chico. Periodic fresh water inflow into 
the mangrove sub-basin during the rainy 
season is a part of the natural system that 
provides balance for mangrove viability. 
 
In the open lagoon the annual salinity 
ranges from approximately 35 p.p.t. to 40 
p.p.t. Currents, crossing the coral dam that 
separates Lac from the Caribbean Sea, 
carry sediments. Sedimentation processes 
occur due to deposition of these sediments 
on the landward side of the coral dam 
forming Awa Blanku. The circulatory 
patterns in the open lagoon that diverge 
into the mangrove sub-basin areas deposit 
sediments with smaller grain sizes in these 
areas. 
Recommendations for the area of Lac are 
also given in a special section of this 
report.  These are based on either the data 
collected or observations made in the past 
year.  Many of these recommendations 
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will currently fall under the auspices of 
STINAPA-Bonaire, but the intent is as 
much to lend support as to guide.  Many 
of the issues facing Lac can be best 
addressed by cooperation between the 
NGOs of the island, local people, and 
various stakeholders.   
 
The major risk factors for Lac as Bonaire 
grows are development and the associated 
increase in visitors and deterioration due 
to human usage.    Development even 
outside of the designated protected sight 
will still have a great impact on the overall 
health of the system.    Clear cut 
regulations are needed to eliminate 

individual interpretation of the idea of 
sustainability in and around Lac. 
 
It must be understood that Lac poses 
unique challenges to conservation.  A 
balance must be constantly struck between 
allowing visitors unfettered access to all 
desirable areas and maintaining the 
integrity of those areas for future visitors.  
Concessions will also need to be made.  
This is why it is of the utmost importance 
to involve not only the managing body, 
but also local people and stakeholders to 
arrive at solutions that can be mutually 
upheld by all interested parties. 
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1. Background information 
 
 
Bonaire is a small island located in the 
Southern Caribbean, 80 kilometers from 
the coast of Venezuela.   The island 
measures just 39 kilometers long and 11 
kilometers wide at its widest point with an 
overall area of 290 km2.  The island has a 
total population of 11537 as of Jan 1 2007 
and a population density of 40 people per 
square kilometer (Ref.: Centraal Bureau 
voor de Statistiek, 2004). 
 
Bonaire has a history of being a leader in 
conservation measures.  In 1969 the 
Washington Slagbaai National Park 
became the first nature sanctuary in the 
Netherlands Antilles.  This park 
encompasses 6543 Hectares of the 
Northern part of the island.  In 1979 the 
marine park was declared, which includes 
all the waters surrounding Bonaire and 
Klein Bonaire, from the high-tide mark 
down to 60 meters (200 feet).  Both of these 
parks are managed and controlled by 
STINAPA-Bonaire.  Although Bonaire has 
seen a rapid increase in tourism and 
development in recent years, the 
environment remains a priority to many 
people living on and visiting Bonaire 
today.   
 
One area within the marine park that is of 
particular significance to the people of 
Bonaire is the area called Lac.   The entire 
protected area ‘Het Lac’ (as designated in 
the Ramsar treaty) is 700 hectares.  It is 
geographically located on the southeast 
coast of Bonaire, and is the only lagoon of 
such magnitude in the Dutch Antilles. The 
bay's map corner co-ordinates are located 
on the North at 12°07'35.6", South 
12°05'30.3", and on the West at '068 ° 
14'30.3", and on the East at 068°12'51.1".  
Lac is an approximately 3-kilometer wide 

basin, also called a lagoon or bay, which is 
positioned on the windward side of 
Bonaire. The windward location of Lac, 
gives this area strong exposure to the East 
Trade Winds.  A coral dam extends almost 
the full length of the mouth of the bay.  
Waves break against this dam, preventing 
wave action within the bay.   This creates a 
unique condition where, although the bay 
is open to the sea, it is insulated from the 
dynamic wave action of the normally 
rougher side of the island.   
 

 
Figure 1: Lac, Bonaire N.A. (Photo by Google 
Earth, 2007). 
 
Lac supports Bonaire's only significant 
mangrove and sea grass ecosystems and is 
one of the last remaining mangrove areas 
and the only lagoon of its kind in the 
Dutch Antilles.  It harbors a unique 
collection of flora and fauna.  As such, it is 
a recognized Ramsar site as of May 1980. 
Sea grass beds cover the open water area 
of the bay.  The landward edge is 
surrounded by an actively growing 
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mangrove forest.  Mangroves have 
become increasingly rare in the Caribbean 
as they are often removed to make way for 
shrimp farming, marinas and other coastal 
development.  While the total mangrove 
area is not large by comparative standards 
with areas such a those in Ecuador or 
Florida, Lac fosters high biological 
diversity.  The mangroves are particularly 
important as nesting and roosting areas 
for many bird species and the sea grass 
beds form nursery grounds for some 
important reef fish as well as important 
foraging areas for green turtles (Chelonia 
mydas)  and queen conch (Strombus gigas).  
 
Lac is not only important for the large 
number of species residing there, but is 
also important for many open ocean 
species as well.  Because of the connection 
to the open sea through the channel by 
Cai, Lac is easily accessed and used as a 
hunting and feeding ground for larger 
predatory fish such as sharks, groupers, 
and adult barracudas (Spyraena barracuda).  
Southern stingrays (Dasyatis Americana) 
frequent the bay searching for shellfish, 
worms, shrimp, crabs and small fish along 
the sandy bottom. 

 
Figure 2: Southern Stingray (Dasyatis Americana) 
searching for shellfish 
 
One of the largest visitors is the green 
turtle. Green turtles that visit Bonaire have 
some of the highest growth rates in the 
Caribbean (according to measurements 
collected by Sea Turtle Conservation 
Bonaire).  Lac provides them with the 
most extensive network of sea grass beds 
on Bonaire. 
 
For thousands of years, Lac has been 
prized for its bounty.  The mangrove roots 
were used for making coal and for 
weaving baskets and conch, and fish and 
iguanas were abundant.  With the advent 
of modern technology, some of the 
original uses for Lac no longer apply but, 
Lac remains an important fishing and 
gathering spot for local people and has 
become increasingly important for 
tourism.   
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2. Introduction 
 
 

 
Ramsar guidelines include a 
recommendation that signatories of the 
Ramsar treaty will, along with the various 
other guidelines for area protection, carry 
out comprehensive and ongoing 
monitoring of each protected area (Ref.: 
Ramsar, 2007).  This recognizes that in 
order to successfully manage and protect 
any area, ongoing checks need to be made 
about the health of that system.  Constant 
monitoring can provide data which allows 
for early detection of problems that may 
otherwise grow into more severe issues 
before being recognized. It is only through 
constant and ongoing monitoring that the 
health of any fragile system such as Lac 
can be maintained.   
 
While reports have been written and 
studies of various aspects of Lac have been 
conducted periodically, there have been 
no ongoing monitoring programs until 
now.  By continually measuring water 
quality and comparing past data, this 
monitoring program can provide 
STINAPA-Bonaire with an early warning 
of any changes in the system.  As the 
population of Bonaire grows and as usage 

increases in and around Lac, there will be 
unintended and/or unexpected impacts on 
the system.  Having regular and detailed 
information about the overall functioning 
of the system is a first step in curtailing 
these impacts before they turn into serious 
environmental threats.   
 
For Lac the concerns that were held at the 
beginning of the first year of the 
monitoring program were predominantly 
the mangrove die back near Awa Lodo di 
San José and the sand accumulation at 
Awa Blanku.  The one year monitoring 
plan carried out by Progressive 
Environmental Solutions does not set out 
to solve these problems, but instead to 
monitor the patterns in the hydrology 
through the system for one year in order 
to better understand causation.  This is 
only the beginning of what must be an 
ongoing monitoring program for the area.  
Because of the many variables in any 
natural system, it is of the utmost 
importance to thoroughly understand the 
interconnectedness of each variable and 
how changes to one can affect the others, 
before any solution is recommended.

   
Figure 3: Mangrove die-back at Awa Lodo di San José 
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3. Methodology 
 

3.1 Overall methodology 
 

3.1.1 Introduction 
 
The formation, persistence, size and 
function of Lac are controlled by 
hydrologic processes. The hydrologic cycle 
of the Lac region includes an overall 
movement of water influenced and 
delivered from both offshore and coastal 
currents, tidal action, wind-driven surface 
currents, groundwater and evaporative 
processes. Temporal and meso-scale 
processes, primarily tidal events, and 
wind-driven surface currents, also 
influence the water circulation in the 
upper Lac area, the mangrove sub-basin. 
 

 
Figure 4: Red mangrove (Rhizophora mangle) at 
Pariba di Cai 

 
Differences in vegetative composition and 
soil type are the product of the movement 
of water through or within Lac, water 
quality, and the degree of natural or 
human-induced disturbance. In turn, Lac’s 
soils and vegetation alter water velocities, 
flow paths and chemistry.  
The hydrologic and water-quality 
functions of Lac, that is, the role the 
current formation of Lac itself plays in 
changing the quantity and quality of water 
moving through the system, are related to 
the physical setting of Lac. 
 
The hydrology of Lac is largely 
responsible for the vegetation of this 
unique wetland in the Dutch Antilles, 
which in turn affects the value of Lac to 
animals and people.  
 
To begin to achieve an accurate 
impression of the hydrology and the 
effects the hydrology have on other 
biological factors in Lac, monitoring of 
daily site conditions and chemical and 
physical parameters were carried out 
throughout the system (13 monitoring 
locations) over a period of one year. The 
following is a detailed description of the 
monitoring locations, time frame, time 
intervals and the various methodologies. 
 

3.1.2 Monitoring Locations 
 
During the strategy and planning phase of 
this project, monitoring locations were 
selected based on available information 
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from previous explorations of the area, the 
accessibility of the various locations and 
the availability of equipment, researchers 
and means of transport. The locations 
need to be accessible within a couple of 
hours, so the site conditions and with that, 
the results are comparable. 
With the above criteria in mind, thirteen 
monitoring locations that cover the diverse 
areas of Lac, were selected. 
Twelve locations (1-12) are situated along 
the road that surrounds Lac. These 
locations are easily accessible by car and 
necessary data can be collected within a 

period of two to three hours. The 
thirteenth monitoring location is situated 
outside the mouth of the system in the 
open ocean, the Caribbean Sea, but is still  
only a short walk from the road to Cai. 
This monitoring location is used as a 
control and can thus be compared against 
data from all other points.  
The thirteen monitoring locations were 
monitored during the daily patrols 
between 0800 LST and 1100 LST (five days 
per week). 

  

 
Table 1: G.P.S. codes monitoring locations 
 
The software programs GIS ARCVIEW 9.2 
and Google Earth (2008) were used to 
calculate the straight distance between the 
various monitoring locations and the open 
ocean, and the expected water path. The 
straight distance is the actual distance of 
each monitoring location to the open 
ocean and does not take into consideration 
the actual path the water travels.  The 

expected water path refers to the path the 
water most likely follows from the open 
ocean to the various monitoring locations 
and vice versa, during respectively rising 
and falling tides.  
The values presented in table 2 serve to 
help understand the recorded data and the 
water movement through Lac. 

Geographical Location Monitoring Location Name 

Latitude Longitude 

1 Mewchi N 12° 05’ 31.2” W 68° 14’ 02.8” 

2 Sorobon (north) N 12° 05’ 68.4” W 68° 14’ 27.5” 

3 Awa Molina N 12° 05’ 38.4” W 68° 14’ 55.9” 

4 Lac Bay Resort N 12° 05’ 76.5” W 68° 14’ 54.6” 

5 Punta Kalbas N 12° 06’ 11.2” W 68° 14’ 45.8” 

6 Awa Yuwana (south) N 12° 06’ 73.1” W 68° 14’ 53.2” 

7 Awa Lodo di San José N 12° 07’ 40.1” W 68° 14’ 07.1” 

8 Awa Lodo di Bakuna N 12° 07’ 40.8” W 68° 13’ 62.5” 

9 Kreek di Coco N 12° 06’ 97.4” W 68° 13’ 32.1” 

10 Awa “D” N 12° 06’ 97.5” W 68° 13’ 32.1” 

11 Boca di Lac N 12° 06’ 62.7” W 68° 13’ 04.3” 

12 Cai N 12° 06’ 18.8” W 68° 13’ 33.8” 

13 Caribbean Sea (control) N 12° 06’ 29.2” W 68° 13’ 31.2” 
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Monitoring Location Name Straight Distance Water Path 

(expected) 

1 Mewchi 0,25 km 0,45 km 

2 Sorobon (north) 0,91 km 0,99 km 

3 Awa Molina 1,38 km 1,78 km 

4 Lac Bay Resort 1,41 km 1,44 km 

5 Punta Kalbas 1,56 km 1,56 km 

6 Awa Yuwana (south) 2,33 km 2,48 km 

7 Awa Lodo di San José 2,66 km 3,67 km 

8 Awa Lodo di Bakuna 2,33 km 2,78 km 

9 Kreek di Coco 1,48 km 1,84 km 

10 Awa “D” 0,69 km 1,30 km 

11 Boca di Lac 0,06 km 0,06 km 

12 Cai 0,25 km 0,36 km 

13 Caribbean Sea (control) 0 km 0 km 

 
Table 2: Straight distances and expected water paths monitoring locations 
 

3.1.3 Time frame and time intervals 
 
This report is based on the results 
obtained from one year of monitoring. The 
program was carried out from 1st January 
2007 until 31st December 2007. Data was 
collected five days per week.  The time 
intervals were chosen due to logistical and 
budgetary considerations. The value of the 
recordings was also taken into account 
during the selection process.  An 
assessment was made of which 
parameters to measure initially based on 
usefulness of the information and cost of 
its collection.   
 
3.1.4 Monitoring site conditions (according 
to the CARICOMP 2001 guidelines) 
 
Daily site conditions were noted at 
monitoring location #1.  These 
measurements include wind speed and 
direction, temperature and cloud 
coverage.  The site conditions were 
recorded at the time of monitoring 
between 0800 and 0900 local standard time 
(LST), and therefore provide only a 
snapshot of weather conditions at the time 

 
that monitoring was underway.  The full 
day’s weather information was obtained  
from Flamingo International Airport and 
Cargill.   
 

3.1.5 Daily/Weekly monitoring patrols 
 
The monitoring locations were monitored 
daily between 0800 and 1100 local 
standard time.  Five days per week 
salinity, temperature and conductivity 
were measured at each of the 13 
monitoring locations (the 13th being the 
control).  Additionally, water level was 
recorded at 3 locations (Location 2, 6 and 
9) chosen because of their location and the 
presence of fixed structures that could be 
used as reference points during the water 
level recordings. Using existing fixed 
constructions helped to minimize the 
impact on the environment during the 
project and keep costs down.  During 
daily monitoring, observations of anything 
out of the ordinary such as dead 
flamingoes, dead fish or broken windmills 
were also recorded.   
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3.1.6 Bi-monthly monitoring 
 
On a bi-monthly basis Ph, Alkalinity, 
Ammonia, Nitrite, Nitrate and 
Phosphorous were measured. Due to the 
tight daily monitoring schedule and 
efficiency, the nutrient levels were 
recorded on two monitoring locations; 
monitoring location #1, Mewchi, located 
close to the Caribbean Sea and monitoring 
location # 7, Awa Lodo di San José, located 
at the back of the mangrove sub-basin. 

3.1.7 Yearly monitoring 
 
A thorough GPS mapping of the area was 
also conducted.  This mapping includes 
areas of mangrove dieback, areas of new 
mangrove growth, freshwater inflow 
points, as well as landmasses in the center 

of the mangrove area, and existing 
mangrove stands.   
The frequency of monitoring (annually) of 
these specific interests will be enough to 
understand the trends and changes over 
the years. Annual monitoring activities 
such as aerial photography or remote 
sensing (starting in 2008) will also serve as 
a useful way to assess changes in the 
denser mangrove areas, which are not 
easily accessible. These yearly visual 
recordings of the zone characterization 
will be sufficient to get a reliable 
impression of trends and changes during 
the years. For example, the change in 
number of hectares of mangroves will be 
recorded each year. This will give a 
straight forward figure as to whether there 
has been a net loss or net gain in 
mangrove coverage in a given period. 
 
 

3.2 Daily site conditions
 
 

Introduction 
Every habitat or ecosystem is impacted by 
a variety of factors, like rainfall, sunshine, 
cloud coverage, wind, etc. Every habitat or 
ecosystem is exposed daily to changing 
weather conditions. The weather can have 
an impact on water level, water 
temperature and water quality. A change 
in weather or climate can have a direct 
influence on the system on a small or 
large-scale. One example of this took place 
during the months January, February and 
March of 2007. Within these 3 months, a 
total of 54,0 mm of rain fell, while 92 mm 
is the average value for these three months 
based on data from the previous 30 years 
(Ref.: Kats, 2005). This shortage of rain and 
the minimal tidal influence resulted in an 
extreme increase of the salinity in the back 
of the mangrove sub-basin. 

 
 
 
In this area, salinity values between 50 and 
60 p.p.t. were recorded during the same 
period in different years with greater 
rainfall. During the same period in 2007, 
on the other hand, salinity values up to 
90,3 p.p.t. were found (Ref.: Kats, 2005).   
The monitoring of the daily weather 
conditions helps to understand specific 
changes in the system, such as changes in 
salinity and water level.  Although 
Bonaire is seemingly always sunny and 
warm, even small shifts in climate or 
rainfall have large impacts on a system 
such as Lac.  Some examples would be the 
affects of the East Trade wind and the big 
difference between the rainy and dry 
seasons. These seasonal changes in 
weather and climate have a large influence 
on the functioning of Lac. 
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Periods of high rainfall add a layer of fresh 
water on the surface of the bay. This layer 
may persist for a couple of days in normal 
conditions. Periods of minimal rainfall and 
minimal cloud cover, increase the 
temperature of the waters over shallow 
reefs and sea grass beds, and cause higher 
evaporation rates. The salinity during 
these periods can be significantly higher 
than that of the open ocean or the deeper 
areas of Lac.  Because of the sensitivity of 
many marine species to even small 
changes in water temperature or salinity, 
the viability of Lac as a habitat for many 
species is limited to certain times of year 
or during certain life stages.  This makes 
understanding the seasonal patterns and 
changes particularly important. 
The conditions within the mangrove forest 
and on the mudflats are very different. 
Mudflats are exposed to sunlight during 
diurnal low tides and become very hot, 
whereas the mangrove forest canopy 
shades the mangrove floor, keeping it 
cool. 
Studies about the site conditions help 
determine trends and help to predict 
certain seasonal changes within the 
system.  
 
 
Procedures 
 
Air Temperature: 
Air temperature was noted at time of data 
collection by securing a max/min 
thermometer, which was shaded from the 
sun at all times of the day, 1,5 m above the 
ground. The actual temperature at the 
time of recording was read and recorded 
to the nearest 0,5 °C from the max/min 
thermometer.  
 
Maximum and minimum air temperature:  
The maximum and minimum 
temperatures were recorded from the 
same thermometer, to the nearest 0,5 °C 

for the maximum and minimum 
temperature, during the past 24 hours. 
After these actions the max/min 
thermometer was to put in the reset mode 
and restarted.  
 
Rainfall: 
Cumulative rainfall was recorded by 
securing a rain gauge 1,5 m above the 
ground in an open area without 
obstructions within 25 m. Accumulated 
rainfall during the preceding 24 hour 
period was recorded to the nearest 1 mm. 
After recording the amount of water 
within, the gauge was emptied and 
replaced. The cumulative rainfall was 
recorded seven days per week either in the 
field or through the data collected by 
Flamingo International Airport.  
 
Cloud coverage: 
The cloud coverage was recorded each 
day that data was collected. The cloud 
coverage was estimated and recorded on a 
scale from 0 to 100 percent (respectively 
cloudless to totally cloudy). 
 
Wind: 
The wind speed was recorded each day 
that data was collected. During the daily 
monitoring activities the wind speed was 
recorded with a digital wind meter. The 
recording of the wind speed was made in 
an open area without obstructions within 
25 m. 
Wind direction was also recorded each 
day that data was collected. A simple 
weathercock was used in combination 
with a compass to record the wind 
direction. The recording of the wind 
direction was done at the same location 
where the wind speed recording was 
made.  
 
Before all of the above monitoring 
activities could be carried out, the 
equipment had to be calibrated. The 
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calibrating method can be found in the 
manuals for each specific instrument. 
 
In lieu of measurements, data from 
Bonaire International Airport or Cargill 
was used.  
 
Time intervals:  
The maximum and minimum air 
temperature, the cumulative rainfall (each 
24 hours) and the wind speed and 
direction were recorded once per day 

together with the temperature and cloud 
coverage at the time of recording. The time  
of recording was between the hours of 
0800 and 0900 local standard time (LST). 
 
Location(s): 
The measurements for daily site 
conditions were made at monitoring 
location 1, Mewchi.  If the site conditions 
changed during the daily patrol, this was 
written down and taken into consideration 
during the data analysis. 
 

 
 

3.3 Chemical Parameters 
 
 
 

3.3.1 Salinity  
 
Introduction 
Salinity is a measurement of the amount of 
salt in water and is measured in parts per 
thousand (p.p.t.). The salinity in Lac 
ranges from the mouth of the system (Boca 
di Lac) to the upper-Lac area (Awa Lodo 
di San José and Awa Wanapa) (van 
Moorsel, 1993). A limited amount of fresh 
water flows into Lac from the surrounding 
areas Blanku, San José and Lima during 
the rainy season.  Fresh water enters the 
system either as rain falling directly into 
Lac, as runoff or as water that leaches 
through the earth and eventually makes its 
way into the system.  
The rain itself forms a direct input of fresh 
water. Especially during the rainy season, 
(October to February) a relatively large 
amount of fresh water falls directly into 
the open Lac area (30 year average of 215 
mm). This (fresh) rain water has a salinity 
of approximately 0 p.p.t.  

 
Salt water flows from the Caribbean Sea 
into Lac through the mouth of the system 
(mainly through the channel at Cai and 
small channels in the barrier reef that 
separate the Lagoon from the open sea). 
The salinity of this sea water is 
approximately 35 p.p.t. 
   
Salinity directly affects the animals and 
plants that are able to live in Lac. Because 
there is a wide range of salinity, there are 
many different types of animals which 
find a suitable habitat in Lac. Some species 
live only in the saltiest areas (like 
shrimps), some only in less salty waters 
near the mouth (like sea stars), and some 
move freely throughout the Bay, adjusting 
to different levels of salinity as they move 
(like crabs).  
 
Salinity varies with estuarine depth. Being 
heavier, salty seawater tends to sink. 
When the sea recedes, tide pools can 
become hypersaline (>35 p.p.t.).  
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Figure 5: Salt crystals in hypersaline area 
 
This occurs especially during the long 
exposure caused by lower low water 
spring tides.  At the edge of the mangrove 
sub-basin, however, the influence of 
freshwater runoff from the land becomes 
more significant, particularly during the 
rainy season. In the mangroves, the effect 
of freshwater inflow is considerable. 
Salinity is predominantly measured to get 
a view on the water quality and the health 
of the environment.  This parameter is 
exceptionally suited to test the water 
circulation of a lagoon like Lac. In this case 
the salinity values are chosen as an 
indicator for the ‘water resident time’ (the 
amount of time water stays in a given 
location). 
The monitoring location situated in the 
open ocean was chosen as a control.  This 
point tells us the temperature, salinity and 
conductivity of the water as it enters the 
system.  From this we can extrapolate how 
the water moves, based on the changes to 
the given values throughout the system.   
The salinity values closest to the values of 
the control site indicate shorter water 
resident times and greater circulation or 
flushing. While the salinity values 
exceeding that of the control station, 
indicate a longer water resident time, and 
subsequently imply the least circulation 
and flushing. 
 
 

Procedures 
Salinity measurements were recorded 
using a multi parameter hand-held field 
meter. In this case a YSI 85 was used. This 
hand-held field meter measures salinity, 
conductivity, dissolved oxygen and water 
temperature. Salinity was recorded in 
parts per thousand (p.p.t.) 
Water samples were taken at each location 
by lowering a bottle into the water (0,5 m 
below the surface, when possible 
according to the CARICOMP 2001 
manual). The bottle was returned to the 
surface and then the salinity 
determination was made in the field by 
placing the sensor in the water sample.  
 

3.3.2 Conductivity 
 
Introduction 
Conductivity is the ability of the water to 
conduct an electrical current, and is an 
indirect measure of the ion concentration 
(dissolved salts). The more ions present, 
the more electricity can be conducted by 
the water. This measurement is expressed 
in microSiemens per centimeter (µS/cm) at 
25 degrees Celsius (°C). Because it is a 
measure of the amount of dissolved salts 
in the water it is therefore an indicator of 
salinity. Low conductivity in the first 
couple of centimeters of the vertical water 
column in Lac indicates heavy rainfall 
during the preceding hours/days or 
freshwater inflows such as storm water 
runoff over the road to Cai.  
 
Procedures 
Conductivity measurements were 
recorded using the same multi parameter 
hand-held field meter and were recorded 
to the nearest 0,1 µS/cm. The same water 
sample used for salinity was used for 
conductivity.  
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After making the salinity and conductivity 
readings, the sensor of the YSI 85 was 
rinsed with fresh water and the protection 
cap replaced.  
The YSI 85 multi parameter hand-held 
field meter has to be calibrated 
periodically. For more information about 
the calibration of the meter please refer to 
the manual available at www.fondriest.com 
 
 

3.3.3 Nutrient concentrations and other 
chemical parameters 
 
Introduction 
Nutrients produced by primary producers 
are passed on to the community and 
eventually to the detrital pool via the 
breakdown of leaf litter and timber. 
However, nutrients are not solely 
produced internally from within the 
ecosystem but are also derived externally 
with imports from the sea or fresh water 
runoff in some cases. 
The majority of sediments and a minimal 
amount of nutrients enter Lac during the 
flood events of the prominently diurnal 
tides. During rising tides ocean water 
enters the bay and carries organic material 
and sediment (mainly fine coral rubble 
and sand).  
 

 
Figure 6: Filter feeders at Puitu 
 

The sea brings in dissolved and suspended 
organic matter as well as microscopic 
organisms which are consumed by filter 
feeders or deposited along the beach or 
trapped within the mangrove network 
during high tide. This is a two way 
process, with nutrients also exposed to the 
sea with the receding tide. The receding 
sea drains through soil which acts as a 
sieve, leaving a layer of microscopic 
organisms deposited on the surface. These 
are grazed by the emerging terrestrial 
fauna during the low tide. 
Total nutrients are made up of a dissolved 
component (e.g. nitrate, nitrite, ammonia 
and phosphorus) and an organic 
component, which is bound to carbon (e.g. 
organic nitrogen). Nutrients in the 
dissolved state can be readily used by 
plants. The nutrients nitrogen and 
phosphorus are essential for plant growth. 
High concentrations indicate potential for 
excessive weed and algal growth. This 
process is increased with the rise of the 
water temperature.  
 
Procedures 
Nitrate and Nitrite measurements were 
carried out using 5-way test strips from 
Pentair Aquatics.  
The water sample was obtained by 
lowering a bottle 0,5 m below the water’s 
surface and returning the bottle to the 
surface to start the recordings. The nitrate 
and nitrite measurements were conducted 
in the field by immersing the test strip in 
the water sample and swirling two times.  
The test strip was removed from the 
sample with the colored test pads face up. 
After waiting 30 seconds, nitrate and 
nitrate concentrations were noted in 
p.p.m. (parts per million). 
The same water sample was used for the 
ammonia reading. The strip was 
immersed for 5 seconds before removing 
the strip pad face up from the sample. 
After 60 seconds, the ammonia 
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concentration was read in p.p.m. by 
comparing the pad face with the color 
chart. 
Phosphate measurements were carried out 
using the Salifert PO4 Profi test. 
A syringe was used to add 10 milliliters of 
the water sample to a test vial. Four drops 
of the PO4-1 reagent were added and the 
test vial was swirled for 10 seconds. Then, 
one level scoop of PO4-2 reagent was 
added and the contents were gently 
swirled for 30 seconds.  The open test vial 
was placed on the white part of the color 
chart and colors were compared by 
looking from the top through the vertical 
water column.  
 

3.3.4 Alkalinity and Ph 
 
Introduction 
Alkalinity is a measure of the buffering 
capacity of water, or the capacity of bases 
to neutralize acids. Measuring alkalinity is 
important in determining a water system’s 
ability to neutralize acidic pollution from 
rainfall or wastewater. Alkalinity does not 
refer to pH, but instead refers to the ability 
of water to resist change in pH. 
Changes to pH can be caused by a range of 
potential water quality problems (e.g. low 
values due to acid sulfate runoff). 
Extremes of pH (less than 6,5 or greater 
than 9,0) can be toxic to aquatic organisms. 
 
Dissolved calcium of shells and offshore 
coral make brackish waters alkaline. 
Mangrove soils, however, are often neutral 
to slightly acidic due to the sulphur-
reducing bacteria, and the presence of 
acidic clays. 
 
 
 
 

Procedures 
Alkalinity and Ph measurements were 
carried out using the same 5-way test 
strips from Pentair Aquatics that were 
used for the nitrate and nitrite 
measurements.  
The water sample was again taken by 
lowering a bottle into the water 0,5 m 
below the surface.  Ph and alkalinity 
measurements were done in the field by 
immersing the test strip in the water 
sample and swirling two times. The test 
strip was removed with the colored test 
pads face up and read immediately.  
 
 
Time intervals: 
The chemical parameters salinity and 
conductivity were monitored during the 
daily monitoring activities between 0800 
and 1030 LST. 
The chemical parameters Ph, Alkalinity, 
Ammonia, Nitrite, Nitrate and 
Phosphorous were monitored on a bi-
monthly basis. These measurements were 
also carried out between 0800 and 1030 
LST. 
 
Location(s): 
Salinity and conductivity were measured 
on all 13 monitoring locations. 
The other chemical parameters were 
measured at two monitoring locations; the 
first one closest to the open ocean and the 
second one furthest from the ocean 
(monitoring location #1, Mewchi and 
monitoring location #7, Awa Lodo di San 
José respectively). Due to budgetary 
reasons only two monitoring locations 
were monitored for chemical parameters. 
In 2008 the monitoring of chemical 
parameters will be intensified. More 
monitoring locations will be monitored on 
a more frequent basis. 
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3.4 Physical Parameters 
 
 

 

3.4.1 Water Temperature 
 
Introduction 
Temperature is one of the more important 
measurements to be considered when 
examining water quality. Many biological, 
physical and chemical parameters are 
dependent on temperature. It can 
dramatically affect the rate of chemical 
and biological reactions. Some of the more 
common things that temperature can 
affect are the solubility of chemical 
compounds in water, the distribution and 
abundance of organisms, the rate of 
growth of biological organisms, water 
density, mixing of different water 
densities and current movements. For 
example, the amount of oxygen that can 
dissolve in water is dependant upon 
temperature. As the temperature of a body 
of water increases, the amount of 
dissolved oxygen decreases.  
Temperature, specific gravity, and salinity 
are also interrelated. For a body of water 
at a given salinity, as the temperature of 
that water decreases, the specific gravity 
will increase and the water becomes 
denser. Conversely, as the same water 
warms, the water will expand and the 
specific gravity will decrease. This can be 
an important consideration in evaluating 
the mixing of waters of different densities.  
As mentioned before, periods of high 
rainfall can add a layer of fresh water with 
a lower density on the surface of the bay. 
This may persist for one to four days in 
normal conditions. 
Temperature is measured in degrees 
Celsius. The water temperature in Lac 
changes seasonally. The temperature is the  

 
coldest in the winter and early spring and 
it is the warmest in the late summer and 
early fall. It takes longer for the water in 
the bay to heat up and cool down than it 
takes for the air to heat up and cool down. 
Therefore, in the spring, when air 
temperatures increase rapidly, the water 
remains relatively cool. In the fall, when 
the air temperature cools rapidly, the 
water remains relatively warm.  
 
The temperature also varies from the 
surface to the bottom of the Bay. The 
difference in temperature through the 
vertical water column in Lac is limited 
because of the relatively limited depth in 
most parts of the bay. Only in the deeper 
areas of Lac (Cai (>5,0 m) and the edges of 
Awa Blanku (± 3,5 – 4,0 m) will a 
significant difference in surface and 
bottom temperature possibly be measured. 
The water at the surface most closely 
resembles the air temperature. Therefore, 
surface water in the spring is generally 
warmer than water at the bottom. As the 
air temperature cools in the fall, water at 
the surface is generally cooler than water 
at the bottom.  
 
Procedures 
Temperature readings were recorded 
using the multi-parameter hand-held field 
meter from YSI (YSI 85). As mentioned 
before, this multi-parameter field meter 
records various parameters including the 
water temperature simultaneously. 
Measurements were made using the same 
sample used for salinity and conductivity.  
The temperature determination was made 
in the field by placing the sensor in the 
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water sample and waiting until the 
display showed a constant temperature.  
The temperature will sometimes vary from 
depth to depth caused by water layers of 
different density or by different currents. 
For temperature readings at greater 
depths (e.g. bottom temperature), a 
capped bottle was lowered into the water, 
0,5 m above the bottom.  The cap was then 
removed, and the bottle filled with water.   
The bottle was then recapped and 
returned to the surface.  Temperatures 
were recorded to the nearest 0,1 °C. 
 
 

3.4.2 Water level/tidal action 
 
Introduction 
Tidal wetlands occur at the land/ocean 
interface where daily tidal action moves 
water in and out of their systems. In Lac 
the salt sea water is carried into the bay by 
tidal action and the wind driven currents, 
where it mixes with and is diluted by 
freshwater from rain and the limited fresh 
water inflow from the surrounding areas 
Blanku, San José and Lima during the 
rainy season. The resulting ocean salinity 
gradient is constantly moving and 
changing over hours, weeks and/or 
seasons. 
Tides are critical to animals that live on the 
land/ocean interface, both for nutrition 
and reproduction. Flooding tides allow 
fish and crabs access to prey on the inter-
tidal surface and deliver nutrients to 
sessile (stationary) organisms such as 
mangrove sponges and some shellfish 
(clams, oyster, etc.). Reproduction of a 
number of invertebrates is also dependent 
upon the spring tides which regularly 
flood the higher inter-tidal zone, generally 
in two week cycles. 
The flooding tides bring sediment into the 
system. Some sediment is captured by the 
mangroves and the sea grass beds in 

respectively the upper-Lac (mangrove 
sub-basin) area and the inner-Lac area. 
The amount of sediment that is suspended 
in the water column depends on the 
current of the flooding tides. The stronger 
the current the more sediment could be 
suspended in the water column. In the 
upper-Lac area most of the fine sediment 
(silt) is deposited in the channels and 
ponds because of the reduced currents in 
this area. 
 
The vertical rise and fall of the tide 
produces horizontal flows in the form of 
tidal currents. These currents are 
unpredictable, depending on the tidal 
range, entrance characteristics and the 
depth contours of the system; the 
maximum water depth within the bay is 
approximately 5 m and the tidal range is 
limited to approximately 0,35 m (Ref.: van 
Moorsel and Meijer, 1993 and Kats, 2005).  
The incoming or rising tide is traditionally 
referred to as the flood tide because it 
floods the system. The outgoing tide is 
referred to as the ebb tide. The strength of 
the ebb and flood tide velocities varies 
diurnally and over Spring Neap cycles in 
exactly the same way as tidal water levels 
vary. 
The fastest tidal currents occur during 
spring tides (Ref.: various local fishermen, 
2007). 
 
The water level measurements were 
carried out to complete the site conditions 
and to get an indication of the tidal 
influence through the system, based on 
water level fluctuation during the year. In 
the year 2008 the monitoring of the water 
level and tidal influence will be continued 
and intensified. The tidal influence 
through the whole system and the water 
level fluctuation during a day will be 
recorded. Questions as to the length of 
time it takes for the high tide to reach the 
back of the system and the difference in 
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water level fluctuation between the open 
ocean and the mangrove sub-basin will be 
answered in 2008. 
 
 
Procedures 
The staff gauge is the simplest type of 
equipment to record the water level 
fluctuations in an accurate way. To 
minimize permanent structures in Lac a 
portable staff gauge was used. The staff 
was lined up against the existing 
structures at each given location where 
water level was recorded. The zero mark 
on the staff was used as the vertical 
reference that all subsequently recorded 
water levels refer to. 
 
 

3.4.3 Water depth/Bathymetry 
 
Introduction 
Like the sea floor itself, the bottom 
formations of Lac are constantly changing.   
Wave action brings sediment and sand 
over the coral dam, some of which 
remains when the tide once again recedes.  
Animals such as worms modify the 
bottom structure to create tubes.  Sea 
grasses and other marine plants trap sand 
particles and create mats as they grow.  
Mangroves are well known for their 
ability to trap sand, nutrients and 
sediment to such great extents they create 
landmasses where there once were none.   
Water pushes and adjusts the bottom 
structures as it ebbs and flows in various 
directions and with varying strength 
throughout the year.  Each change can in 
turn affect another function of the bay.   
Bathymetry information is particularly 
critical for modeling habitats of coastal 
organisms. While many fishes and 
invertebrates have preferences and 
limitations regarding water depth, it is the 
actual exposure and submergence of inter-

tidal habitat which controls the 
penetration of land-based and marine 
plants and animals into the adjacent 
domain. The location and extent of this 
inter-tidal zone is based on bathymetry 
and tide range. 
 
During the monitoring of the past year, 
water depth was measured to get a better 
idea of specific changes and relations in 
the system in areas of particular interest.  
For this period the areas of focus were 
those with acute mangrove die back, 
mangrove re-growth, and/or fish 
mortality. Data collected now, when 
compared with the future bathymetry 
data, will help us to understand the 
changes in bottom structure (erosion, 
sedimentation and sediment movement). 
Long-term monitoring of the water depth 
will bring the changes in bathymetry to 
light. During the year 2008 the bathymetry 
recordings will be increased.  
 
In combination with the knowledge about 
the circulation pattern of Lac and the 
comparison of periodically taken aerial 
photographs, a detailed picture of the 
sand movement (sand accumulation) can 
be formed. 
 
Procedures 
Water depth or bathymetry readings were 
carried out using a log line. The log line 
consisted of a chain or wire to which a 
lead weight was attached. Tags were tied 
to the line to indicate decimeters. 
Corrections had to be made to the 
measurements to allow for deviations 
from the vertical above the water surface 
and below the surface.  
Sources of error can be the penetration of 
the lead into the bottom and variations 
from the ideal conditions for which 
corrections for wire bending have been 
calculated. Furthermore, it may be difficult 
to judge whether the lead weight is 
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actually in contact with the bottom. To 
prevent these sources of error and to 
protect the bottom of Lac, we guided the 
lead to the bottom by (free) diving.  
In order to ensure accuracy when 
determining sampling location it is 
recommended to use a G.P.S handheld 
unit.  During the bathymetry recordings a 
Garmin 60CSx was used.  
 
 
Time intervals:  
The physical parameters water 
temperature and water level were 
monitored during the daily monitoring 
activities between 0800 and 1030 LST. 
Water depth was recorded during each 
monitoring exercise at the same points.  If 
the water depth seemed to play an 
important role in changes in the data 
gathered during the daily monitoring 
activities, water depth recordings were 
carried out on additional locations (taking 

the daily variation in water level into 
consideration). In 2008 water depth 
recordings will be carried out on a more 
frequent basis and throughout the whole 
Lac area. Water depth recordings carried 
out throughout the system will be part of 
the overall mapping. 
 
Locations: 
Water temperature was monitored 
throughout the area on all 13 monitoring 
locations. Water level was monitored on 
three monitoring locations (monitoring 
location 2, 6 and 9). These locations were 
selected based on the position in Lac; 
respectively close to the open ocean, 
halfway to the mangrove sub-basin and in 
the back of the mangrove sub-basin.  
G.P.S. recordings were made at the points 
where water depth recordings were made.  
These recordings will be used for the 
overall mapping in a later stage of this 
long-term monitoring program. 
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3.5 Mapping 
 
 
Introduction 
To protect Lac for the longer term, the 
overall mapping of the area is very 
important. It is essential to know how 
Lac’s zonation is characterized and how it 
changes over time, such as trends in losses 
and gains of plant cover or water 
influence.  The results of human impact, 
hurricanes and pollution can also be 
tracked if thorough mapping is carried out 
at regular intervals. 
During this project, specific areas in and 
around Lac were mapped.  When present 
and future maps are compared, many 
types of ecosystem assessments can be 
performed. This ecosystem assessment is 
crucial to: monitor Lac’s health, make 
permit decisions, target restoration 
activities, maintain biodiversity, restore 
species, undertake watershed manage-
ment, protect commercial water supplies 
like those used by Cargill, and better 
implement local land use plans. 
The overall mapping during this first year 
was carried out by using a G.P.S. hand-
held (Garmin GPSmap 60csx), G.I.S. 
software in combination with visual 
observation. This mapping includes areas 
of mangrove dieback, areas of new 
mangrove growth, freshwater inflow 
points, as well as landmasses in the center 
of the mangrove area and existing 
mangrove stands. In the following years, 
aerial photography and maybe even 
remote sensing will play a more 
significant role. 
 
Methodology:  
The G.P.S. handheld unit was calibrated 
for altitude before using it as a mapping 
device.  The G.P.S. was used to record and  

 
to store waypoints. Waypoints are 
locations or landmarks in the area that are 
of special interest for the overall mapping. 
While walking, driving or kayaking 
through the area, waypoints were marked 
every 10-50 meters. For every individual 
point of interest an individual waypoint 
was stored within the G.P.S. handheld. 
Using suitable software (i.e. G.I.S. 
ARCView 9.2) the gathered waypoints will 
be translated into a map. Using different 
layers while translating the waypoints into 
a detailed map will make it possible to do 
calculations for differences in water depth, 
vegetation coverage, and areas of former 
cover and new growth over time. 
 
 
Time intervals:  
The overall mapping activities were 
carried out throughout the year. The 
activities are time-consuming and can be 
intrusive.  Spot checks with the G.P.S. can 
in the future best augment aerial 
photographs rather than depending solely 
on physical penetration of certain areas. 
The site and weather conditions were 
taken into account to work as efficiently 
and accurately as possible. 
 
Locations: 
The overall mapping of Lac took place 
throughout the area. During the first year 
the mapping was generally based on 
mangrove re-growth, mangrove die back, 
fresh water inflow and land masses within 
the mangrove stands. In 2008 the activities 
will be more focused on the general 
characteristics of Lac such as, benthic 
cover, water depth and vegetative cover. 
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3.6 Socioeconomic parameters and overall observations 
 
 
 

Introduction 
The impacts of human activities on an 
environment can result in acceleration, 
deceleration, short-circuiting, or the 
complete removal of a natural process. 
Human recreational activities have their 
own influence on the system. Wind 
surfing or snorkelling activities in the soft 
sediment and shallow sea grass beds have 
caused trampling effects in the sea grass 
community, and the displacement of 
marine life requiring the habitat. Thus, the 
rate and intensity of human activities on 
an environment may also influence an 
ecosystem function, and are a 
consideration in determining appropriate 
conservation strategies.  
However; the potential human effects on a 
natural system are difficult to segregate 
because these human disturbances may 
persist as “…low level, chronic 
stressors…” (Ref.: Kats, 2005). This means 
that there may not be sufficient immediate 
human impacts to significantly degrade a 
natural process, but when factored 
together over time with natural 
disturbances, they may combine enough 
to affect changes in organism and 
community distributions, or ultimately, 
alter ecological processes. For example, the 
daily, low level trampling on sea grasses 
by people using the bay may appear 
insignificant, but cumulatively, may 
contribute to re-contouring the bay 
bottom, that not only causes erosion 
effects, but changes near shore current 
regimes. 
This as well as observations of anything 
out of the ordinary (i.e. dead flamingoes, 
dead fish, broken windmills, illegal 

fishing, sand excavation, kayak activities 
in the protected areas, etc.) were recorded.  
 
Procedures: 
The human activities or socioeconomic 
parameters on and around Lac were 
roughly monitored during the daily 
monitoring activities. Numbers of 
Kayakers, divers, horseback riders, 
fishermen, and windsurfers were written 
down and gathered into a data set.  
 
Time intervals:  
The socioeconomic parameters and overall 
observations were carried out during the 
daily monitoring activities.  
 
Location: 
Observations were recorded at any time 
the monitoring team was within the 
recognized area of ‘Het Lac’. 

Figure 7: Socioeconomic use of Lac 
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4. Results 
 

4.1 Daily site conditions 
 
 
The average maximum air temperature in 
Lac in 2007 varied between 30,5 °C in 
December and 33,1 °C in June. In April the 
average maximum temperature started to 
rise. In December the average maximum 
temperature dropped by more than 2 
degrees Celsius.  The average minimum 
temperature in Lac in 2007 varies between 
24,4 °C in December and 27,6 °C in May. 
The average minimum temperature 
followed the trend of the average 
maximum temperature during the year 
2007. 

The total cumulative rainfall in Lac in 2007 
was approximately 622 millimeters. The 
months January February, March, April, 
May and June were relatively dry. 
Although the months January and 
February were the last two months of the 
rainy season of 2006, they were dryer than 
the same months in past years. The 
months July until December were 
relatively wet with two significant peaks 
in the months October and December. In 
December the precipitation was spread 
out over 25 days while it rained only once 
in May, the driest month of the year. 

 
 Cloud 

Coverage 
Max. 
Temperature 
(°C) 

Min. 
Temperature 
(°C) 

Cumulative 
Rainfall (mm) 

Days of 
Rainfall 

Humidity 
(%) 

Wind 
speed 
(km/h) 

January 25,3 31,0 25,1 27,3 16 77,6 26,4 

February 42,6 31,2 25,5 23,8 10 77,9 26,3 

March 44,4 31,4 26,2 2,9 3 78,1 28,2 

April 48,8 32,4 26,7 29,2 3 77,7 26,9 

May 59,5 32,9 27,6 0,5 1 77,5 29,7 

June 41,4 33,1 27,5 17,2 5 77,6 31,5 

July 26,2 32,8 27,5 59,6 9 78,4 29,0 

August 54,5 32,5 27,5 66,6 4 79,3 21,5 

September 45,0 33,0 27,4 69,6 8 78,5 23,8 

October 48,8 32,6 26,9 119,9 11 79,3 19,3 

November 39,2 32,7 26,5 35,5 15 78,6 23,4 

December 40,5 30,5 24,4 169,9 25 80,5 18,7 

 
Table 3: Monthly means site conditions 
 
 
The data considering the wind speed and 
the data considering the cumulative 
rainfall show a relation. During the 

months with relatively more wind the 
cumulative rainfall is limited. 
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Salinity in p.p.t in 2007
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4.2 Chemical Parameters 
 

4.2.1 Salinity 
As mentioned before, the parameter 
salinity played an essential role in the 
monitoring activities carried out in 2007.  
Salinity is used to get a better 
understanding of the water movement in 

 Lac. In the Conclusion our findings about 
the overall water movement based on the 
salinity recordings is discussed. 

 
 
 

Monitoring Location  

1 2 3 4 5 6 7 8 9 10 11 12 13 

January 37,0 36,1 43,0 36,5 37,5 43,0 59,9 56,9 38,3 40,9 36,0 36,2 35,7 

February 36,5 36,0 43,7 36,5 37,6 42,2 69,3 58,4 38,2 42,8 36,0 36,1 35,7 

March 36,9 36,0 47,3 36,2 37,8 42,3 90,3 69,9 39,0 45,4 36,0 36,3 35,8 

April 38,0 36,6 60,4 37,5 38,4 42,3 125,2 77,7 39,1 52,2 36,4 37,1 36,3 

May 37,4 36,1 41,9 36,8 37,7 46,3 60,1 52,6 42,5 42,8 35,7 36,5 35,7 

June 38,7 36,3 42,3 37,1 38,2 45,5 64,5 61,1 42,2 41,9 36,1 36,5 36,0 

July 36,4 35,4 38,1 36,2 37,2 46,6 51,1 48,6 42,8 39,8 35,5 36,0 35,1 

August 36,9 35,2 38,6 35,4 35,9 42,1 43,5 42,4 39,2 36,4 35,1 35,4 35,0 

September 36,6 34,7 38,2 34,8 34,9 35,1 38,4 37,6 36,4 35,7 35,2 35,4 35,3 

October 34,6 35,1 35,6 35,3 34,7 36,2 38,4 37,8 36,6 33,8 35,3 35,3 35,4 

November 34,6 34,6 37,1 35,3 36,2 40,5 39,4 39,8 37,8 37,6 34,5 35,1 35,0 

December 34,6 35,3 34,7 35,0 34,8 34,8 36,5 36,4 35,7 36,0 35,3 35,4 35,4 

Table 4: Monthly means salinity in p.p.t. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Figure 8: Graph Salinity in 2007 



 

Lac - Implementation of long term monitoring and research plan - 

29 

Figure 11: Awa 
Molina 

Monitoring location #1: 
The salinity values at 
Mewchi, monitoring 
location #1, show a 
balance in the period 
between January and 
September.  
The salinity varies in these months around 
approximately 37,0 p.p.t. Only the month 
of June shows a small peak with a salinity 
value of 38,7. This peak is a result of the 
limited tidal influence and the local site 
conditions during the time of monitoring. 
The water level was very low at the time 
of sampling. In combination with the 
relatively high air temperature in June and 
the relatively higher rate of evaporation in 
this month (Cargill, 2007) the salinity 
value is a bit higher than in the previous 
and following months. 
The salinity value in the months October, 
November and December are significantly 
lower than in the first nine months of the 
year 2007. The rainfall and the limited 
tidal influence during the monitoring 
activities in these months cause this 
decrease in salinity values. It seems to be 
not only the amount of rainfall but the 
frequency as well. (e.g. the month 
November was drier than the months July, 
August and September, but it rained 
during 15 days in contrast with 
respectively 9, 4 and 8 days in July, 
August and September). 
 
 
Monitoring location #2: 

At Sorobon (north) 
the salinity values 
vary between 34,6 
p.p.t. and 36,6 p.p.t. 
This trend is 
consistent with the 

trend in salinity values at monitoring 

 location # 13; the Caribbean Sea (control). 
 
 
Monitoring location #3: 

The salinity values 
at Awa Molina went 
up during the 
months January 
until April.  This 
trend was in-
tensified in April. 
The data collected at 
Awa Molina shows 
a peak of 60,4 p.p.t. 

in April. The wind turbine installed by 
Cargill and located at Awa Molina was out 
of order for a couple of days, with a 
decrease in water circulation and an 
increase in the salinity values as result.   
The salinity dropped to a approximately 
42,0 p.p.t. in the months of May and June.  
From July the salinity dropped even 
further to 34,7 p.p.t. in December. 
 
 
Monitoring locations #4 and #5 
The data from 
the locations 
Lac Bay Resort 
and Punta 
Kalbas show 
nearly the same 
trend as the 
data from the 
Caribbean Sea in the months January until 
August. After these months the data from 
both locations show a different trend. At 
both monitoring locations, a reduction in 
salinity values is observed while the 
salinity values in the Caribbean Sea show 
a very limited variance. The increase in 
cumulative rainfall during these months 
explains the lower salinity values.   
 

Figure 9: Mewchi 

Figure 10: 
Sorobon (north) 

Figure 12: Lac Bay Resort 
and Punta Kalbas 
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Monitoring location #6 
At Awa Yuwana 
(south) the 
salinity values 
increase slowly 
over the months 
January until 
July. After this 

period the salinity values went down from 
46,6 p.p.t. in July until 34,8 p.p.t. in 
December.  There was a small peak in 
November of 40,5 p.p.t. 
 
 
Monitoring location #7 

Awa Lodo di 
San José has the 
longest straight 
distance to the 
Caribbean Sea 
and the longest 
expected water 

path of all monitoring locations. The 
salinity data shows the highest values 
recorded during 2007 at all the monitoring 
locations varying from 36,5 p.p.t. in 
December to 125,2 p.p.t. in April. Only in 
the month of November is the salinity 
value higher at a different location 
(Monitoring location #8; Awa Lodo di 
Bakuna). The salinity value at Awa Lodo 
di San José is 0,4 p.p.t. lower than at Awa 
Lodo di Bakuna during this month . The 
influence from rain and tide play a 
obvious role taking the cumulative rainfall 
over the year and the geographic location 
into account. 
 
 
Monitoring location #8 

Awa Lodo di 
Bakuna located 
east of Awa Lodo 
di San José shows 
the same trend in 
the data recorded 

in 2007 as the data recorded at Awa Lodo 

di San José.  The main difference is that 
values here reached a peak of only 77,7 
p.p.t. in April.  This provides the 
indication that water during high tides 
flows through Awa Lodo di Bakuna and 
then into Awa Lodo di San José.  While 
they follow the same trend, Bakuna is 
more often refreshed by the higher tides 
than San José. 
 
 
Monitoring location #9 
Kreek di Coco is 
located along 
the road to Cai 
and is connected 
to the open 
lagoon of Lac 
through a short 
channel at Boca di Coco. Kreek di Coco is 
used as an entrance for kayakers and thus 
the channel to the open lagoon is 
maintained. This opening allows water to 
reach Awa Lodo di Bakuna and Awa Lodo 
di San José. 
The salinity values at Kreek di Coco differ 
from 35,7 p.p.t. in December and 42,8 
p.p.t. in July.   These values correlate 
directly with the recorded rainfall.  In the 
periods that the cumulative rainfall 
increases the salinity values go down. In 
the drier periods the salinity values go up.  
 
 
Monitoring location #10 

At monitoring 
location #10, 
Awa “D”, the 
same trend in 
salinity values 
is observed as 
at Kreek di 

Coco. The values vary from 35,7 p.p.t. in 
December and 52,2 p.p.t. in April. 
 
 

Figure 13: Awa Yuwana 
(south) 

Figure 15: Awa Lodo di 
San José 

Figure 16: Awa Lodo 
di Bakuna 

Figure 17: Kreek di Coco 

Figure 14: Awa "D" 
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Monitoring location #11 
Boca di Lac is 
directly influenced 
by the open ocean. 
The data consider-
ing the salinity 
shows exactly the 
same trend as the 
data from the Caribbean Sea. The biggest 
difference in salinity values between Boca 
di Lac and the Caribbean Sea is 0,5 p.p.t. in 
November (respectively 34,5 p.p.t. and 
35,0 p.p.t.). 
 
 
Monitoring location #12 
Monitoring location 
#12, Cai, is located 
at the end of the 
peninsula of Cai, 
about 300 meters 
further into the 
Lagoon. Cai is 
directly influenced by the Caribbean Sea  
as well as Boca di Lac.  
The values of the salinity recorded at Cai  

differ only approximately 0,4 p.p.t. 
(average) from the values recorded at Boca 
di Lac, resulting from the geographic 
location and the more limited water 
circulation. 
 
 
Monitoring location #13 
Monitoring location 
#13 is located in the 
Caribbean Sea and 
serves as a control 
against which all 
other data is 
compared. 
 

4.2.2 Conductivity 
 
The data recorded in Lac for conductivity 
show the same patterns and trends as 
salinity. The multi-parameter field meter 
calculates the salinity based on the 
conductivity and that value is corrected to 
25 degrees Celsius. As salinity values 
change so do the values for conductivity 
and vice versa.  
 

 
 

Monitoring Location  

1 2 3 4 5 6 7 8 9 10 11 12 13 

January 55,9 56,0 64,7 55,8 56,7 65,6 87,6 84,6 59,1 62,8 56,7 56,8 56,0 

February 55,5 55,7 65,3 55,6 56,7 64,3 98,3 86,1 59,1 65,0 56,3 56,8 55,6 

March 56,6 56,1 70,8 56,5 57,4 65,0 172,9 100,7 60,9 69,6 56,5 57,4 56,1 

April 59,6 58,1 87,9 59,0 59,8 66,6 156,0 111,5 63,5 80,0 58,0 60,0 57,3 

May 59,4 57,8 65,8 58,5 59,0 72,4 90,5 82,8 68,0 66,8 57,8 54,9 52,9 

June 61,7 58,1 66,5 59,2 59,8 71,2 97,6 94,3 67,8 66,4 58,1 59,4 57,8 

July 58,1 56,8 60,2 57,6 58,5 72,1 79,1 76,2 68,2 62,8 56,9 58,5 55,9 

August 59,1 57,1 61,5 57,1 57,3 66,5 69,2 68,2 63,1 58,7 57,1 58,2 56,7 

September 58,5 57,3 60,2 56,0 55,8 56,4 61,5 60,7 58,7 57,4 57,5 58,0 57,2 

October 55,6 56,8 57,1 56,7 55,5 59,0 62,0 61,8 59,4 54,8 57,6 56,2 57,6 

November 55,1 56,1 55,2 55,7 56,4 63,5 62,4 63,4 59,7 59,1 56,5 56,8 56,3 

December 54,0 56,0 54,3 54,8 54,3 55,0 57,7 58,5 56,2 57,1 56,9 57,0 56,5 

 
Table 5: Monthly means conductivity in microSiemens per square centimeter 
 
 

Figure 18: Boca di Lac 

Figure 19: Cai 

Figure 20: Caribbean 
Sea 
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4.2.3 Nutrients, Ph and alkalinity 
 
At the two locations where nutrient levels 
were recorded, the nutrient levels 
remained constant throughout the year. 
For the parameters phosphate, nitrite and 
ammonia those levels remained zero. Only  
 

 
the nitrate levels are a bit higher and vary 
between 0 and 5 p.p.m. at monitoring 
location 1 and between 0 and 10 p.p.m. at 
monitoring location 7.  
The Ph at monitoring location 1 is a bit 
lower than at monitoring location 7.  
Alkalinity follows the same pattern. 

 
 

 Phosphate 
(p.p.m.) 

Nitrite 
(p.p.m.) 

Nitrate 
(p.p.m.) 

Ammonia 
(p.p.m.) 

Ph Alkalinity 
(p.p.m.) 

January 0 0 0 0 7,7 120 

February 0 0 2,5 0 8,3 110 

March 0 0 5 0 7,7 110 

April 0 0 2,5 0 8,6 120 

May 0 0 0 0 8,4 120 

June 0 0 0 0 8,1 120 

July 0 0 5 0 8,0 110 

August 0 0 0 0 7,7 130 

September 0 0 2,5 0 8,2 130 

October 0 0 2,5 0 7,7 100 

November 0 0 0 0 7,9 120 

December 0 0 0 0 8,1 120 

 
Table 6: Monthly means nutrients, Ph and Alkalinity monitoring location #1. 

 
 
 

 Phosphate 
(p.p.m.) 

Nitrite 
(p.p.m.) 

Nitrate 
(p.p.m.) 

Ammonia 
(p.p.m.) 

Ph Alkalinity 
(p.p.m.) 

January 0 0 0 0 8,5 120 

February 0 0 5 0 8,5 150 

March 0 0 0 0 8,5 130 

April 0 0 10 0 8,8 140 

May 0 0 7,5 0 9,0 145 

June 0 0 5 0 8,6 140 

July 0 0 0 0 8,5 130 

August 0 0 0 0 8,4 140 

September 0 0 5 0 8,5 140 

October 0 0 2,5 0 8,5 140 

November 0 0 0 0 8,4 120 

December 0 0 0 0 8,2 120 

  
Table 7: Monthly mean nutrients, Ph and Alkalinity monitoring location #7 
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4.3 Physical Parameters 
 
 

4.3.1 Water temperature 
Monitoring Location  

1 2 3 4 5 6 7 8 9 10 11 12 13 

January 25,1 26,4 25,8 25,6 25,3 26,5 26,6 27,2 26,4 26,6 27,1 27,2 26,8 

February 25,3 26,3 25,5 25,5 25,2 26,3 26,4 26,8 26,4 26,3 26,8 27,0 26,5 

March 25,8 26,6 26,2 26,0 25,5 26,7 27,2 27,5 27,0 26,7 26,9 27,6 26,8 

April 27,1 27,6 27,5 27,5 26,8 28,1 29,2 29,5 28,6 28,1 27,9 29,1 27,4 

May 27,7 28,1 27,9 27,9 27,3 28,1 28,5 29,6 28,9 28,1 28,4 28,9 28,1 

June 28,2 28,1 28,1 28,0 27,2 28,3 29,1 29,6 29,2 28,3 28,4 29,0 28,2 

July 27,9 28,0 27,8 27,9 27,3 28,1 29,0 29,1 28,6 28,0 28,2 29,0 27,8 

August 28,2 28,6 28,3 28,3 27,8 28,6 28,9 29,7 28,8 28,5 28,8 29,4 28,4 

September 28,1 28,7 28,4 28,2 27,9 28,8 28,9 29,6 28,7 28,6 28,9 29,2 28,6 

October 27,8 28,6 28,1 28,1 27,8 28,4 28,8 29,4 28,5 28,4 28,9 29,0 28,7 

November 27,5 27,7 27,0 27,2 27,0 27,7 28,0 28,3 27,5 27,3 28,2 28,4 28,0 

December 26,3 27,4 26,4 26,7 26,4 26,9 27,5 28,1 27,0 27,4 28,1 28,3 27,7 

January 25,1 26,4 25,8 25,6 25,3 26,5 26,6 27,2 26,4 26,6 27,1 27,2 26,8 

Table 8: Monthly means water temperature in °C 
 
The water temperature follows the trend 
of the air temperature at the locations 
where the water circulation and the 
influence of the open ocean is limited. The 
Caribbean Ocean is of less influence in 
these specific areas than in the open 
lagoon. In these areas such as Awa Lodo 

di San José, Awa Lodo di Bakanu and 
Awa Yuwana (south) the resident time of 
the water is much longer than of the water 
in the open area of the bay. Therefore the 
changes in weather conditions, water 
depth, vegetation coverage etc., play a 
more significant role. 

Figure 21: Graph water temperature 2007 

Water temperature in °C in 2007
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Looking at the data some monitoring 
locations stand out from the rest, such as 
monitoring locations #1, #5, #7, #8, #9 and 
#12, respectively Mewchi, Punta Kalbas, 
Awa Lodo di San José, Awa Lodo di 
Bakuna and Kreek di Coco. 
Monitoring location #1 was monitored at 
8.30 am. Around this point of time the sun 
is relatively weak. In combination with the 
low water depth in this area the 
temperature of the water is strongly 
influenced by the air temperature of the 
early morning and the night before. Also 
the impact from heavy rain showers 
during the night or early morning is 
observed during the monitoring activities.  
Monitoring location #5 is a monitoring 
location with a completely unique 
characterization. The location is not 
directly exposed to the wind, sun nor rain 
like the other locations. Monitoring 
location 5 is totally sheltered between the 
mangroves and is therefore shaded. These 
localized circumstances result in a lower 
water temperature in this area. 
The monitoring locations #7, #8 and #9 are 
connected by a path of water that flows 
from one point to the next (from 9 to 8 to 
7).  All three points are located on the east 
side of the system. This area is largely 
exposed to the sun during the day while 
the interaction with the sea is decreased by 
the length of the water path and the 
obstacles such as sand bars and dams 
which add resistance to the water flowing 
towards these areas. 

 
Figure 22: Flow pattern between 7 and 9 

Location #12 displayed relatively high 
water temperatures, which were at first 
surprising, due to the point’s proximity to 
the open ocean.  This point is however; 
largely insulated from wind and mixing 
due to its position around the curve of the 
beach.  The drop in water current here is 
also evidenced by the sudden increase in  
algal communities and the presence of the 
small sandy beach. 
 

4.3.2 Water level/tidal fluctuation  
 
Lac is generally influenced by a diurnal 
tide.  That means there is one low tide and 
one high tide in any given 24 hour cycle. 
Occasionally semi-diurnal tides occur.  A 
diurnal tide means that there are two 
highs and two lows in a 24 hour period.  
During spring tides the fluctuation in 
water level in the lagoon is approximately 
40 cm, while the average tidal fluctuation 
is approximately 21 cm. In the mangrove 
sub-basin the tidal fluctuation is very 
limited. When looking at the daily 
observations and recorded data from the 
monitoring locations in the back of the 
system, it is more useful to speak of an 
annual fluctuation in water level, because 
tidal influence to the back of the system is 
not as frequent as it is to other areas.  This 
is because the area including point #7 is 
only refreshed by the sea at times of very 
high tide.  When the tide is high enough 
and the current is strong enough, the 
water can flow over the sand banks, 
through the mangrove roots and into the 
very far reaches of the system.  As the 
water flows into point 7, it loses much of 
its speed.  There is no force to move the 
water back out of the system, so the water 
remains there.  Between periods of high 
tide, the water in the area of point 7 is only 
refreshed by rainfall and thus, as it 
evaporates, the salinity rises.  The daily 
fluctuation in some specific areas (Awa 
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Yuwana, Awa Lodo di San José, Awa 
Lodo di Bakuna) is approximately 0-1 cm. 
The fluctuations in these specific areas are 
predominantly caused by rainfall and 
evaporation ratio during the largest part of 
the year.  
Over the year the data shows a fluctuation 
in the water level of approximately 20 cm 

caused by the difference of the position of 
the earth towards the sun in the periods of 
the equinoxes.   
At monitoring location #13, the Caribbean 
Sea, the maximum annual tidal range is 
approximately 1 m, with an average range 
of 0.30 m during a lunar cycle. 
 

 
 

 

4.4 Mapping 
 
 

The overall mapping will play a more 
important role in upcoming years.  The 
points plotted in the past year were done 
to serve as references for future mapping 

exercises in the area.  The points plotted 
during the past year will be compared 
with future maps and then used to assess 
overall change to the area. 

Figure 23: Very low tide at Mewchi 
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4.5 Socioeconomic parameters and overall observations 
 

 
 On the road from Belnem to Sorobon 

(Kaya Ir. Randolph Statius van Eps) 
dead flamingos were observed 
under the electricity lines close to 
monitoring location #3, Awa Molina. 
These electricity lines, fitted with 
spirals to make them more visible, 
are located exactly within the flight 
route of the flamingoes. The 
flamingos frequently fly back and 
forth from their feeding grounds in 
Lac and their resting and nesting 
grounds around the salt pans of 
Cargill (Het Pekelmeer). 

 With the increase of tourism the 
number of incidents of people 
driving in four-wheel drive cars or 
on quads into the protected area of 
Lac is increasing. Car and quad 
tracks were observed in and along 
the waterline of Lac. Some tracks 
were even observed in the areas of 
mangrove re-growth. 

 During the public holidays the area 
of Lac is intensively used for 
camping.  The areas of Sorobon and 
Cai attract dozens of people who 
often leave their refuse and self- 
constructed accommodations behind 
when leaving. 

 Egg bundles and unidentified egg 
cases were observed throughout the 
year in the sandy areas with 
relatively limited water depth and in 
areas that are sufficiently influenced 
by the tidal fluctuations. The 
abundance of egg bundles and egg 
cases was mainly observed in the 
areas Mewchi and Around Kreek di 
Coco.  

 
 

 
 Upside-down jelly fish (Cassiopea 

frondosa and Cassiopea xamachana) 
were observed at Awa “D” and Cai  
throughout the year. During the 
months December until March 
juveniles were observed in the back 
of the system Awa Lodo di Bakuna 
and Awa Lodo di San José as well.  

Figure 24: Upside-down jelly fish at Awa 
“D” 

 
 Most of the year the area of Awa 

Lodo di San José, is known by 
birdwatchers for its abundance of 
flamingos, but when salinity levels 
went above 71,0 p.p.t. the flamingos 
were absent from this specific area.  

Figure 25: Flamingo at Awa Lodo di San 
José (Photo by F. Bierings) 
 
Their absence was noted in the first 
week of March and they did not 
return until the salinity dropped in 
June.  
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 In Awa Lodo di San José dead fish 
were observed from the second 
week of March. From the middle of 
March, dead fish were also observed 
in the area of Awa Lodo di Bakuna 
and the Mangrove Info Kayak centre 
(Kreek di Coco). 

 From the end of March a significant 
decline in water level was observed 
at the locations Awa Lodo di San 
José, Awa Lodo di Bakuna and Awa 
“D”. The water level started rising 
again, first at Awa “D”, from the 
beginning of May. 

 From 20th April, green algae covered 
the muddy bottom along the 
periphery of Awa Lodo di Bakuna. 

 The yellow windmill, installed and 
maintained by Cargill at Awa 
Molina, was out of order twice 
during the year 2007.  After being 
out of order for two days, an 
increase in salinity was noted in the 
area leading to the windmill. The 
absence of water circulation from the 
windmill also caused the fish in the 
channel leading away from the 
windmill to die off.   Dead bonefish 
(Albula vulpes) and lady fish (Elops 
saurus) were observed in the channel 
that leads from the north side of Lac 
into the Salt pans of Cargill. 

 The months June and July were 
characterized by very high and low 
water events. Extreme high water 
levels alternated approximately 
every two weeks.  

 In June, four PVC pipes were  

Figure 26: PVC pipes under the road to Cai 

installed under the road to Cai to 
increase the water circulation in the  
area of Pariba di Cai. The three pipes 
rapidly became clogged with coral 
debris and the clippings from the 
removed mangroves.  The fourth 
pipe was pushed up and is no longer 
in contact with the sea on the intake 
side.  
On the other side of the road 
mangroves were cut and removed to 
make an open space to put these 
pipes into position and to increase 
the water circulation.  

 
Figure 27: Area were mangroves were cut 
and removed 
 
This resulted in an algae bloom in 
the area were the mangroves were 
cut.  Without constant maintenance, 
these pipes remain clogged with 
debris. 

 In July a donkey drowned in one of 
the fresh water wells (pos) along the 
road to Cai.  The donkey was 
removed and the well was emptied 
and cleaned by L.V.V. and Servisio 
di Limpiesa di Boneiru. 

 During the heavy rain showers the 
natural reservoirs east of the road to 
Cai were filled with rain water. The 
salinity values of these reservoirs 
vary between 0,5 p.p.t. and 6,0 p.p.t. 

 Various signs of open fires on the 
beaches at the Cai and Sorobon 
peninsulas were observed in 
November and December. 
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 Occasionally wind surfers were 
observed within the protected areas 
or non-windsurfing zones, following 
the zonation published in the Lac 
Brochure (STINAPA-Bonaire). 

 During the weekends and during 
cruise ship days the Sorobon area 
was very crowded. The beaches as 
well as the water in front of these 
beaches were highly populated. 
People were seen walking through 
the sea grass beds to reach deeper 
water. Dangerous situations arose 
when people walked or swam 
between the windsurfers. 

 On days with very low water levels 
or with relatively limited wind 
and/or current, people cross Awa 
Blanku towards the south to snorkel 
on the barrier reef. Inexperienced 
snorkelers touch the coral with their 
fins or disturb bottom organisms 
while swimming or walking. 
Occasionally snorkelers and divers 
were observed walking over the reef 
to reach the open ocean and the dive 
spot White Hole, also often called 
Blue Hole. 

 
 

 
 

 
Figure 28: Overview Awa Blanka from Sorobon Beach Resort
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5. Conclusions 
 
 

5.1 Weather, climate and site conditions 
 

Mangroves are tropical species and do not 
develop satisfactorily in regions where the 
annual average temperature is below 19°C 
or 66 °F (Ref.: Waisel 1975). Normally, 
they do not tolerate temperature 
fluctuations exceeding 10 °C (18 °F). 
Bonaire shows the perfect circumstances 
considering the climate for the success of 
the mangrove developments.  
 
Influence of weather on the specific 
locations and parameters 
 
 The influence of cloud coverage on 

the changes in water temperature is 
negligible according to data 
obtained from Cargill.  This data 
also reveals that cloud coverage has 
very little impact on the rate of 
evaporation.   

 The wind and air temperature are of 
a bigger influence on the 
evaporation ratio. The evaporation 
ratio plays a very important role in 
some specific areas of the mangrove 
area and the back of the system.  

 The water temperature data of the 
Caribbean Sea show the same 
overall trend as the air temperature 
data recorded in 2007. In the areas 
with relatively less interaction with 
the Caribbean Sea the weather 
conditions and the air temperature 
in particular, play a more significant 
role in the water temperature 
patterns of these areas. In areas such 
as Awa Lodo di San José, Awa “D” 

and Awa Lodo di Bakuna the water 
temperature dropped after heavy 
rain or rose after a long period of 
drought. For example, on the 5th of 
June the water temperature at the 
three afore mentioned locations, 
dropped with approximately 1,6 °C 
when a rain shower (2,54 mm) fell 
on the east side of Lac early in the 
morning after a drought of 24 days. 
At the same locations the water 
temperature dropped by approxi-
mately 2,2 °C after 10,41 mm of rain 
fell in this area on the 24th of August 
after a period of 20 days without 
rain. 

 Roughly we can speak of two 
seasons in 2007, the dry season 
(March until July) and the rainy 
season starting in August. The first 
two months of the year 2007 were 
also relatively wet when compare to 
the rest of the year. These months 
are considered to be the last two 
months of the rainy season of 2006.  

 The locations that are influenced 
least by the Caribbean Sea are more 
sensitive to the rain that falls directly 
into the system. The rain that falls 
directly in the system and the water 
that finds its way to Lac under 
ground, make significant differences 
in the salinity values. Directly after a 
heavy rain shower, the data shows a 
drop in the salinity values. This 
decrease in salinity continues for 
approximately 2-5 days before the 
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values begin to rise again, even 
when it stays dry in the area and 
without the limited over-ground 
fresh water inflow from the 
surrounding areas. Considering the 
data recorded over 2007, the theory 
of the ground water affecting Lac is 
supported by various recordings. 
For example, after a the heavy rain 
shower from Monday 6th August on 
the north-east side of Lac the salinity 
values kept dropping for about 4 
days at Awa Lodo di Bakuna (from 
46,6 p.p.t. until 42,3 p.p.t.). On 
various monitoring locations, along 
the north-west and north-east 
border, a decline in the salinity 
values was recorded days after 
heavy rainfall. This drop in salinity 
occurred even though there was no 
rain recorded for those days and 
run-off along the surface was not 
observed. 

 The only alternative for the fresh 
water to reach these areas of the 
system and decrease the values is 
through the ground. The limestone 
terrace functions as an underground 
network of channels that transport 
the infiltrated rain water from the 
higher located surrounding areas 
(San José, Rooi Grandi, Bakuna, 
Santa Clara, etc.) towards the north-
east part of Lac. The dia-base core in 
the middle (situated in an approxi-
mately north-south direction) of the 
island prevents the ground water to 
flow into the south-east direction 
(Ref.: GeoConsult, 2008). 

 Our findings after one year of 
monitoring in relation to this last 
phenomenon ask for more specific 
research and understanding. In the 
following years the monitoring of 
groundwater and the influence on 

the system will be studied in greater 
depth. 

 Because of the windward location of 
Lac Bay, this area is strongly 
exposed to the constant East Trade 
wind. The wind can play an 
important role at the times when the 
wind velocity is high.  This is the 
case during high tides, when the 
wind literally pushes the waves into 
the bay. The increase in wind speed 
influences the wave energy and 
wind driven currents directly. The 
wind direction is also a factor that 
influences the dynamics of Lac. The 
changes in wave direction in Lac are 
mainly the result of the wind 
direction. The influence of the wind 
is noticeable in the first 30-40 cm of 
the vertical water column (Ref.: Kats, 
2005).  

 Another phenomenon that is of 
influence on the processes and 
functioning of the system of Lac is 
the moon cycle and the position of 
the earth in relation to the sun.  
Although these two factors are of 
limited influence on Lac it is 
something that has to be taken into 
account from a hydrological 
perspective. During the periods 
around full and new moon the 
fluctuation between high and low 
tide is bigger causing what are called 
spring tides. During these spring 
tides an increase of approximately 
10-15 cm in the water level 
fluctuation is noticeable and result in 
stronger currents in Lac. In the area 
of Cai and Boca di Lac stronger 
currents are observed during falling 
tide. The influence of the position of 
the earth towards the sun is only 
noticeable on an annual basis.
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5.2 Chemical Parameters
 
 

5.2.1 Salinity 
The salinity in the open lagoon of Lac 
shows similarities with the salinity of the 
Caribbean Sea. For all of the monitoring 
locations along the edge of the open 
lagoon the salinity values remain within a 
maximum range of 2 p.p.t. of the values 
recorded in the Caribbean Sea (the 
control). This shows that the water 
circulation is relatively high in the areas 
where the path is unobstructed. 
During the tidal changes the water finds 
its way in and out of the open lagoon. The 
interaction with the open sea is sufficient. 
The salinity values of the open lagoon are 
a bit higher than the values of the 
Caribbean Sea when recorded during 
falling tide. Recordings made during 
rising tide were more equal to the values 
of the Caribbean Sea. This shows that the 
residence time of the water in the bay has 
a large influence on the salinity levels. 
 
It is different for the mangrove sub-basin. 
Going deeper into the mangrove sub-basin 
(longer straight distance and longer 
expected water path) the difference with 
the control point becomes larger. In the 
months with lower water levels and 
relatively little interaction with the open 
sea and open lagoon (February, March and 
April) the difference between the salinity 
values measured in the mangrove sub-
basin differ significantly from the values 
measured in the open sea. On Thursday, 
April 12th at Awa Lodo di San José, the 
biggest difference with the open sea was 
recorded; approximately 149,7 p.p.t. The 
mean difference for that month between  
 

 
 
 
this area and the open sea is 
approximately 88,9 p.p.t.  
The interaction between the open sea and 
the mangrove sub-basin is minimal during 
these months. The data from the past 
shows the same trends in the salinity for 
these areas, although the values recorded 
in 2007 were more extreme. (Ref.: Kats, 
2005).  
The relatively big difference between Awa 
Lodo di San José and the other monitoring 
locations is most likely caused by the 
isolation of this area from the rest of the 
system. From around the second week of 
March 2007, the water entering the system 
during high tide, barely reached the area 
furthest from the sea, because of a 
sediment dam which, without sufficient 
water speed, blocks the water’s path. The 
water seeping through the mangrove roots 
and the islands Isla Rancho and Isla di 
Chico is insufficient to completely refresh 
this area of the mangrove sub-basin. The 
lack of water circulation resulted in a more 
extreme rise in salinity at monitoring 
location 8 during this period.  

 
Figure 29: Area between monitoring location # 7 
and # 8 during the first week of May 
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The data recorded at monitoring location 
#3, Awa Molina, needs some further 
explanation. The salinity data of Awa 
Molina shows the same trends as the data 
of the open lagoon and the control. The 
month April on the other hand shows a 
totally different picture. With slight wind 
conditions during the second and third 
week of this month and the wind turbine 
that was out of order during the same 
period, the outtake of water was far less 
than during the other months. Normally 
the water that is pumped out by the 
windmill is automatically filled in with 
water from the open lagoon, which 
increases circulation.  More water with a 
lower salinity flows into the area. During 
days when the wind turbine is not 
working there is no inflow of water with 
lower salinity values and water circulation 
drops dramatically. Because of the drop in 
circulation, the salinity rises significantly 
as the water evaporates.  
 
 

5.2.2 Nutrients  
 
The nutrient values measured in 2007 all 
balance around zero except for Nitrate. 
The Nitrate concentration in the far north 
of the system is a bit higher than the 
Nitrate concentration in the area closest to 
the sea. The measurements were carried 
out in the area behind the mangroves 
where the water is almost stagnant during 
most of the year. 
Changes in the nitrate levels of Lac can be 
explained as part of the natural cycle in 
the bay and are most likely seasonal.  
During the times of greater tidal influence 
and thus water flow to the area of Awa 
Lodo di San José, micro algae and manatee 
grass (Syringodium filiforme) grows and 
many smaller fish enter the area.  As the  
salinity rises and water evaporates, the 
grass and other life eventually die off. 

 
Figure 30: Dead fish at Awa Lodo di Bakuna 
   
Following this litter production, 
decomposition and mineralization of 

detritus occurs causing the water in close 
vicinity to have higher nutrient levels. 
 
It has also been suggested that the nitrates 
present in this particular area may enter 
through the groundwater that flows into 
this area. (Ref.: GeoConsult, 2008). 
 
Further study is necessary to verify this 
claim.  
 

5.2.3 Ph and Alkalinity 
 
A small difference between the Ph of the 
mouth of the system and the back of the 
system is noticeable. The water behind the 
mangrove sub-basin is more alkaline. The  
Ph of sea water is approximately 8. 
Monitoring location #1, Mewchi, shows a 
constant Ph of around 8. The Ph of the 
water behind the mangrove sub-basin is 
approximately 0,6 higher.  
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5.3 Physical Parameters 
 

5.3.1 Water temperature 
 
The water temperature of the Caribbean 
Sea varies between the 26,5 °C and 28,7 °C. 
This difference in temperature over the 
year is the result of air temperature, ocean 
currents, and wind driven currents.  
Within Lac, the variance in water 
temperatures between the different 
locations during different periods of the 
year is caused by the site conditions, 
interaction with the Caribbean Sea, 
weather, vegetative coverage and water 
depth.  
Overall the locations with relatively less 
interaction with the Caribbean Sea show 
differences in water temperature caused 
by local water depth, weather conditions, 
and exposure to wind, sun and rain. The 
other locations follow the trend in water 
temperature of the Caribbean Sea during 
the months without extreme conditions. 
During the other months the water 
temperatures can vary per location caused 
by local weather conditions during or 
right before monitoring, and falling or 
rising tide. 
 

5.3.2 Substrate and wave energy 
 
Mangroves grow best in depositional 
environments with low wave energy. 
High wave energy prevents establishment 
of propagules, destroys the relatively 
shallow mangrove root system and 
prevents the accumulation of fine 
sediments. The most productive mangrove 
ecosystems develop in areas that have 
fine-grained muds composed of silt, clay  
and a high percentage of organic matter. 
Anaerobic sediments pose no problems for  

 
 
mangroves and exclude competing 
vascular plant species. 
Considering the above, Lac is suitable for 
the production of a healthy mangrove  
ecosystem. The waves produced by the 
wind-driven currents break on the barrier 
reef and therefore have limited velocity in 
the bay. This barrier reef is located 
between Mewchi and Cai and is only 
interrupted with a channel by Cai. This 
interruption within the barrier reef is the 
only large open connection between the 
open ocean and the lagoon and forms the 
channel or waterway.  
Directly behind the barrier reef one finds 
the sediment with the bigger grain sizes 
(sand and coral rubble).  Because the 
waves lose their energy on the barrier reef, 
heavier sediment that is present in the 
water column falls out of suspension right 
behind this dam on Awa Blanku.  

Figure 31: Waves breaking on the coral dam (photo 
by O. Bartels) 
 
The sediment with the smaller grain sizes 
is carried further into the system as a 
result of the relatively weak currents. 
Overall the current decreases as the water 
moves further into the system. In the 
upper mangrove systems the sediments 
with the smallest grain sizes (silt and clay) 
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drop and are caught by the mangrove 
roots. 
 

5.3.3 Tidal fluctuation  
 
Tidal influence plays an important role in 
Lac. Tidal stress (alternate wetting and 
drying), in combination with salinity, 
helps exclude most other vascular plants 
and thus reduces competition. Tides may 
transport clean water into mangrove 
ecosystems and export accumulations of 
organic carbon and reduced sulfur 
compounds. In areas with high 
evaporation rates, the action of the tides 
helps to prevent soil salinities from 
reaching concentrations which might be 
lethal to mangroves. Tides aid in the 
dispersal of mangrove propagules and 
detritus. While fluctuations in high and 
low tides give propagules the appropriate 
periods of wet and dry they need in order 
to effectively take root.  
 
The friction between the incoming tide 
and the bottom increases when the water 
depth decreases. This results in a smaller 
tidal fluctuation in the back of the system 
in comparison with the mouth of the 
system (respectively around 0-10 cm and 
20-40 cm). This phenomenon is reinforced 
by the dense root system of the red 
mangroves and the island chain in Lac, 
which forms another barrier preventing 
the waves from reaching the back of the 
system.  
Over the year, the tidal fluctuation varies 
significantly.  First, during the beginning 
of January the earth is positioned in a 
shorter distance from the sun than during 
the rest of the year.  Second, every year on 
the 20th or 21st of March and on the 22nd or 
23rd September the sun is positioned 
directly over the earth’s equator. During 
these equinoxes the highest water events 
occur on Bonaire. The largest spring tides 

occur shortly after the New and Full moon 
closest to the equinoxes. The tidal forces 
due to the sun reinforce those of the moon 
optimally. During the neap tide, the tidal 
forces due to the sun reinforce those of the 
moon minimally. The equinoxes influence 
the neap tides as well. The neap tides 
closest to the equinox are weak in relation 
to the neap tides during the rest of the 
year. Every quarter of a year this process 
turns around totally. Spring tides are not 
as strong and neap tides aren’t as weak as 
during the months March and September.   
Next to the above mentioned processes the 
overall water level in Lac is relatively low 
during the months February until the end 
of May.  
 

 
Figure 32: Extreme low water events at Mewchi 
 
During the months July until October the 
overall water level in Lac is higher. This 
process is among others, the result of the 
differences in barometric pressures in the 
Caribbean between these two periods of 
the year (Ref.: A. Verkruysse, 2008).  

These processes strongly affect the 
dynamism of seawater fluctuation within 
the Lac basin annually. The dynamism of 
seawater fluctuation results in extreme 
water quality conditions of the mangrove 
areas. The overall circulation within the 
system of Lac affects the environmental 
change in the upper Lac mangrove area. 
This hydrological variability repeats itself 
over an annual period. 
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5.3.4 Water depth 
 
In some areas of Boca di Lac the 
sedimentation process has increased since 
the last surveys were conducted, while in 
other areas, greater erosion took place 
during the same period.  The inner 
perimeter depths were 1 to 5 meters deep 
in 1969 (Ref.: Wagenaar, Hummelink en 
Roos, 1969). In similar areas the water 
depths vary approximately between 1 to 5 
meters, referring to the recordings 
documented after the surveys in Lac in 
1999.  The Boca di Lac, or bay opening to 
the Caribbean Sea, was 8 meters deep 
according to the 1949 map, while the 1999 
surveys showed depths of 5 meters in 
similar areas.   
These constant changes in depth are 
caused by changes in current speed, 
current direction and water level. For 
example, sediment contained within a 
given water column at a given current 
speed, will begin to drop out as the 
current speed decreases. 

At Awa Blanku a decrease in water depth 
has been documented over the last years. 
The sedimentation process is stronger than 
the erosion process in this area. This area 
of the bay has always been a very dynamic 
part of the system because of its proximity 
to the open sea. Constant changes in water 
depth/bathymetry are to be expected. To 
check this possible natural fluctuation 
more research and more detailed depth 
charts are necessary for the longer term.  
A detailed depth chart has been made only 
twice, once during the 1900s (Ref.: van 
Moorsel, 1993) and once during the early 
2000s (Lott, 2001). With such a great lapse 
in time, it becomes difficult to compare 
data and arrive at conclusions as to 
causation of possible changes in erosion 
and sedimentation processes.   Over the 
next years, detailed charts covering the 
whole area of Lac, will be made to get a 
better understanding of the bathymetry of 
Lac and if and how it is changing.   
Further research is necessary to find out 
where sedimentation and erosion take 
place and where the sediment is coming 
from and going. 
 
 

5.4 Socioeconomic parameters and overall observations 
 
 
The use of the bay has changed from being 
predominantly utilised by fishermen to 
being a recreational and tourism area. 
There are now between six and ten fishing 
boats kept at the pier at Sorobon, although 
the majority are fishing outside of the bay.  
Now and then small fishing boats are 
launched into Lac for relatively small scale 
fishing activities. 
There are currently two windsurf centres 
and two resorts located at the southern 
shore of the bay. Tourism in Lac is mainly 
focused on windsurfing, kayaking,  
 

 
 
snorkelling and sun bathing. Windsurfing 
is run from the two centres Jibe City and  
The Windsurf Place. Windsurf equipment 
is also brought by people that visit Lac 
during day recreation activities. 
Windsurfing is generally not supervised. 
Although most wind surfers are surfing 
within the Awa Blanku area and although 
there have been restricted areas 
designated in the bay, some surfers surf 
outside of the designated areas.   As the 
popularity of windsurfing in the waves is 
increasing, greater numbers of 
windsurfers are passing through the 
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channel at Cai to sail on the other side of 
the reef.  This has and will continue to lead 
to greater incidence of contact with the 
barrier reef. 
Kayaking is mainly run by Outdoor 
Bonaire, the Mangrove Info and Kayak 
Centre, Discover Bonaire, and the various 
resorts on the island. The groups enter the 
water areas of Pariba di Cai, Puitu and 
further north to Boca di Pos and Boca di 
Coco. The kayak trips are generally 
guided and group size regulations appear 
to be followed. 
 
Kayaking from Sorobon is not supervised 
and, in general people are interested in 
snorkelling on the reef. The kayakers are 
able to rent kayaks at Sorobon Beach 
Resort or one of the windsurf centres and 
kayak without a guide through the bay 
towards the mangroves and the reef, 
something that should be supervised. 
Snorkelling activities take place on and 
around the reef and are unsupervised. 
Tourists bring their own equipment or 
rent their mask and snorkel at the 
businesses at Sorobon and can be seen at  

times crossing the reef by foot.  
Snorkelling within the mangroves is 
predominantly a guided activity and takes 
place at Cai as well as Sorobon. 
Supervision is needed especially in case of 
novice snorkelers and when snorkelers 
cross shallow areas or swim into the 
mangroves. 
Horseback riding groups start from 
Kunuku Warahama following the road to 
Cai. During the guided tours, the horses 
cross the area of San José, Rooi Grandi and 
Awa Lodo di San José on their way to the 
road to Cai. After reaching the destination 
Cai, the horses get a short rest and are lead 
into the water for a short swim before they 
go back to Kunuku Warahama. 
During the weekends and public holidays 
there is a significant increase in day 
recreation activities. Day recreation may 
be tourists or locals swimming, 
windsurfing, snorkelling or enjoying their 
time at the beach (playing games, sun 
bathing, having a barbeque, etc.). 
Knowing the use of land areas can help in 
assessing any changes seen near to shore 
sea grass areas. 
 

   Figure 33: Recreational use of Lac 
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6. Discussion 
 
 

The quality of the results is based on the 
methodology, accuracy of the equipment, 
and logistics. In this chapter an overview 
is given of the different factors that 
possibly influenced the quality of the data 
and with that the final conclusions. The 
discussion will also help Progressive 
Environmental Solutions and others to 
increase the quality of the data during the 
continuation of the project and improve 
the strategy for the coming years.  
 
 The monitoring activities were only 

carried out during week days. It was 
Progressive Environmental 
Solutions’ pursuit to be in the field 
five days per week. Nevertheless 5 
days per week was not always 
possible for either logistical or 
personnel reasons.  Working with a 
relatively small budget and a small 
team has its advantages but its 
disadvantages as well.  

 As a result of certain logistical 
reasons, there were scheduled 
monitoring days where data was not 
collected. To understand any 
changes in data recorded on the 
days following missed days or on 
the days after the weekend (when no 
monitoring activities were carried 
out), data from the airport and from 
Cargill covering the monitoring 
conditions were used and 
interpolated.  

 The monitoring activities were, if 
possible, carried out following the 
CARICOMP guidelines 
(CARICOMP, 2001). As a result of 
the very low water levels in some 

areas of the system, some samples 
had to be taken from the top 0,5 
meters of the vertical water column. 
In these instances the data that was 
recorded will be more impacted by 
site conditions than other points 
recorded on the same day but from a 
slightly greater depth.  This 
however, does not discount the data 
that was gathered, but instead serves 
to demonstrate how greatly certain 
points are dependant and variable 
based on site conditions.    

 As mentioned, the 13 monitoring 
locations monitored during the 
project in 2007 are selected on 
accessibility and logistical reasons. 
All monitoring locations can be 
reached and monitored within two 
and half hours.  The influence of the 
local site conditions (weather) can be 
of big influence.  Within two and 
one half hours, the site conditions 
can change significantly.  

 The monitoring locations were 
selected partially based on the 
available information from the past. 
The points of interest gathered from 
this data played an important role in 
the selection process. Because of the 
tight time frame of about two to 
three hours to carry out the daily 
monitoring activities, only 13 
monitoring locations were selected.  

 The multi-parameter field meter was 
calibrated based on and according to 
the instructions given in the YSI 
manual.  As with any electrical 
instrument, there were times when 
the meter was not recording data 
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properly.  In cases where the field 
meter did not show steady values on 
the display, the values were inserted 
as ‘ blanks’ or missing values in the 
data set.  

 The tests used for the nutrient, Ph 
and alkalinity recordings, were 
chosen for their availability and low 
cost.  As the results of these tests are 
read by visually comparing colors, 
there is a greater level of human 
error involved.  The equipment used 
is by no means the most accurate nor 
sensitive equipment available.  
These tests were used solely to get 
an indication about the nutrient, Ph 
and alkalinity levels throughout the 
system.  The nutrient data collected 
in 2008 will be done using a more 
sensitive instrument which gives 
automatic readouts, thereby 
reducing human error and 
interpretation. The monitoring of the 
water quality will be intensified in 
2008 to get a better understanding of 
the values immediately in front of 
the businesses around Lac. The 
influence of the two resorts and 
windsurf centres on the water 
quality in front of these businesses 
will be mapped during the 
continuation of the project. 

 The water level measurements were 
generally carried out during the 

daily monitoring activities.  The 
recorded water level data can not be 
used to produce detailed tide charts.  
The water level data is used during 
the data analysis to understand the 
changes, trends and any 
dissimilarity in data from various 
points. The monitoring activities 
were mainly carried out by the same 
team, put together by Progressive 
Environmental Solutions. On days 
when the monitoring team was not 
available, volunteers from the island 
jumped in. Every person/team has 
its own way of working, handling 
the water samples and using the 
equipment. The data is possibly 
influenced because of these changes. 
It is expected that the impact on the 
data is minimal as locations and 
methodology were chosen for their 
ease of access and reproducibility 
respectively.  

 The socioeconomic parameters and 
overall observations were only 
recorded during the presence of the 
monitoring team. During the team’s 
absence no recordings were carried 
out.  Overall usage statistics and 
numbers have thus far not been 
compiled for the total tourist usage 
of Lac. 
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7. Lac in the future
  
 
 
The following are recommendations for 
the area of Lac based on either the data 
collected or observations made in the past 
year.  Many of these recommendations 
will currently fall under the auspices of 
STINAPA-Bonaire, but the intent is as 
much to lend support as to guide.  Many 
of the issues facing Lac can be best 
addressed by cooperation between the 
NGOs of the island, local people, and 
various stakeholders.   
 
The major risk factors for Lac as Bonaire 
grows are development and the associated 
increase in visitors and deterioration due 
to human usage.  Clear cut regulations are 
needed to eliminate individual 
interpretation of the idea of sustainability 
in and around Lac.  While the Lac area is a 
designated Ramsar site, this does not 
absolutely ensure that no building or 
modification can take place.  The example 
of “Mangrove Village Apartments” must 
serve as a reminder that until zones, laws 
and the force to uphold these measures are 
in place, the future of Lac as a pristine 
environment is not certain. Development 
even outside of the designated protected 
sight will still have a great impact on the 
overall health of the system.  Tourism and 
development are increasing which in turn 
means greater numbers of people entering 
Lac for fishing, touring (quads, cars, 
scooters), windsurfing, snorkeling, 
kayaking, sleeping and dining.  
Cumulatively these activities do affect the 
system and if left unchecked, though 
unintentionally, can cause harm.   
 

The 3 major areas in Lac that are currently 
most vulnerable to degradation due to 
human impact are: the coral dam, the 
mangrove areas and the sea grass beds. 
 

7.1 The coral dam 
 
Many who have visited this area, know 
that it is one of the most beautiful snorkel 
spots on Bonaire.  It is also, however; a 
sight that is very shallow, with harsh wave 
action and strong current at times.  This 
makes the corals in that area particularly 
vulnerable to human impact.  Novice 
snorkelers easily bump, touch and kick the 
corals here.  In times when the water is 
especially shallow, people can be seen 
walking on and over the coral dam.  
Kayakers often attempt to cross the dam in 
an effort to reach the dive/snorkel site 
“White Hole” but again scrape kayaks and 
paddles against the corals as they cross, or 
in shallow times, end up dragging kayaks 
across the dam.  Novice windsurfers who 
don’t realize their proximity to the dam, 
have broken fins while crossing over the 
corals.  The best way to keep the 
underwater environment pristine here is 
to make it a restricted part of the marine 
park or a marine reserve.  This needs to be 
paired with a marker buoy or flag system 
alerting people of the fact that the area 
should not be entered.   If the dam is 
allowed to degrade beyond a certain point 
it will cease to function as a protective 
barrier between Lac and the open sea and 
Lac will therefore, cease to exist in its 
current state. 
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7.2 The mangrove area  
 
Kayaking within the mangroves is allowed 
only with a registered guide.  This, 
however; becomes increasingly difficult to 
control as more people visit Lac.  Kayak 
rentals are available from Sorobon Beach 
Resort, Jibe City, and Bonaire Windsurf 
Place.  Four wheelers or “quads” have 
proliferated on the island and the muddy 
areas at Lac are a favorite spot for “off-
roading”.  Both of these activities when 
unsupervised can damage new mangrove 
growth and can be especially stressful to 
nesting bird populations.  Mangrove 
saplings are important for the 
regeneration of the forest.   

Figure 34: Mangrove saplings at Yuwana (photo by 
O.Bartels) 
 
These small shoots are especially 
vulnerable to being ripped up by kayak 
paddles or driven over by careless drivers. 
Grown mangroves are important nesting 
and feeding grounds for many wetland 
bird species.  What impact will growing 
tourist influence have on the breeding 
success of these birds?  Studies have 
shown that increased tourist presence 
during certain breeding times can reduce 
the numbers of successful offspring.  

7.3 Sea grass beds 
 
The sea grass beds in Lac are an important 
feeding ground for the green turtle  
 
(Chelonia mydas) and Queen Conch 
(Strombus gigas) both of which are 
endangered species.  While green turtles 
eat the actual sea grass blades, the queen 
conch scrapes epiphytes from the blades of 
the grass and feed on decaying sea grass 
“bits” or detritus within the beds.  Paths 
have been made through the beds to Awu 
Blanku by removing the plants in the areas 
of Sorobon Beach Resort, Jibe City and 
Bonaire Windsurf Place.  Although sandy 
paths are available, people can be seen on 
a daily basis, walking, playing in or 
windsurfing over the remaining beds.  
Some type of marker or preventative 
measure needs to be taken to insure the 
remaining areas of sea grass areas do not 
diminish further.  With the current plans 
for Bonaire Windsurf Place, Sorobon 
Beach Resort and Kontiki to expand, 
pressure on the neighboring beds will only 
increase.  It is unacceptable to allow those 
beds in front of each business to be 
eliminated.   
 

7.4 Solutions  
 
The number of windsurfers using the bay 
is expected to reach an all time high in 
2008.  Windsurfing has in the past 
predominantly taken place in the area of 
Awa Blanku, but as the number of 
windsurfers increase, people are 
spreading into other areas of the bay to 
avoid one another.  Surfers now go nearer 
to the coral dam, mangroves and sea grass 
beds which fringe the mangroves.  The 
increased number of surfers in the bay 
makes ensuring awareness of the “no go” 
areas and identification of offenders more 
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difficult.  One possible solution is the 
creation of a “maximum capacity” for bay 
users in a given time period.  This would 
need to be done with the cooperation of 
the stakeholders in the area.  A ranger 
being permanently stationed in the Lac 
area would also be a terrific way to ensure 
that the most delicate areas of Lac are 
respected and maintained.  
 
There are a growing number of day 
trippers to Sorobon.  There are 3 
restaurants within only a 1 mile stretch of 
beach at Sorobon.  An increase in food 
preparation and bathroom facility use, 
with no increase and/or betterment in 
sewage containment methodologies will 
inevitably lead to the deterioration of the 
surrounding aquatic environment and 
could lead to serious human health 
threats.  Thorough guidelines need to be 
created and implemented with regards to 
sewage containment and disposal for the 
businesses and residences around Sorobon 
to ensure the health of the system and 
those people enjoying it.  This includes 
taking special care to ensure that sewage 
containment facilities are not inundated by 
rainfall and/or high tide, which is 
currently an issue at times.   
 
With the increase of cruise ship tourism to 
Bonaire, additional consideration needs to 
be given to the impact on Lac.  Cruise 
tourists are often dropped off at Sorobon 
to spend the day at the beach with no 
orientation to the area.  There are currently 
no programs to educate cruise passengers 
as to the nature of the protected areas that 
they are visiting and the appropriate ways 
to interact with those environments.  Most 
passengers who visit Sorobon most likely 
have no idea that they are visiting an 
internationally recognized Ramsar site (as 
there are no signs to that effect anywhere).  
Nor are many of them aware of the 
fragility of coral reefs or mangrove 

systems.  Again, the very volume of 
tourists on days where a ship is in port 
makes awareness and control difficult.   
The most effective strategy for keeping 
people out of the most fragile areas of Lac 
will be signs posted at given intervals in 
mangrove areas, by the coral dam and in 
sea grass areas.  The least invasive way of 
marking these areas would be with 
brightly colored floating buoys.  While 
disrupting the pristine environment with 
signs is not the ideal scenario for Lac, it is 
one way to reduce long term damage by 
people who would otherwise have no 
other way of knowing those areas which 
are most susceptible to human impact.  
Buoys could even be removed during low 
season, or put out on days where high 
tourist traffic is anticipated. Again, a 
ranger permanently stationed in this area 
could also help with awareness and assist 
with control. 
 
It must be understood that Lac poses 
unique challenges to conservation.  A 
balance must be constantly struck between 
allowing visitors unfettered access to all 
desirable areas and maintaining the 
integrity of those areas for future visitors.  
Concessions will also need to be made.  
This is why it is of the utmost importance 
to involve not only the managing body, 
but also local people and stakeholders to 
arrive at solutions that can be mutually 
upheld by all interested parties.  This is 
never easy, but is the surest way to lasting 
sustainability. 
 

7.5 Following up and future monitoring   
 
In 2008 Progressive Environmental 
Solutions will continue monitoring those 
parameters measured in the previous year 
in addition to dissolved oxygen, total 
dissolved solids, Ph at all points, and 
oxygen reducing potential.  This will be 
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combined with more intensive sampling of 
nutrients in the vicinity of each business at 
Lac and the area Awa Lodo di San José.   
 
Because tidal influence was of such great 
importance to the water quality of certain 
points, more focus will be placed on 
determining the total resident time of the 
water in certain areas and the length of 
time the incoming tide water takes to 
reach each point.   
 
The source and movement of water are 
very important for assessing wetland 
function and predicting how changes in 
wetlands will affect the associated basin. 
Linkages between wetlands, uplands, and 
deepwater habitats provide a framework 
for protection and management of 
wetland resources. Water moving into 
wetlands has chemical and physical 
characteristics that reflect its source. Older 
ground water generally contains chemicals 
associated with the rocks through which it 
has moved; younger ground water has 
fewer minerals because it has had less 
time in contact with the rocks. Which 
processes can and will occur within the  

wetland are determined by the 
characteristics of the water entering and 
the characteristics of the wetland itself like 
its size, shape, soils, plants, and position in 
the basin. 
The fact that there is a possibility that 
groundwater originating from the area of 
effluence disposal on Bonaire may in fact 
flow into Lac, is something that will be 
examined further. 
GPS mapping of the area will be 
continued.  Aerial photography will also 
be added to the monitoring strategy for 
2008.   
 
Awareness of the unique and delicate 
nature of the environment in Lac is an 
integral part to its protection.  
Unfortunately, vandals have broken and 
removed many of the signs put in place by 
STINAPA-Bonaire.  These signs need to be 
replaced and maintained as they were 
aesthetically pleasing and informative.  
Additionally, signs acknowledging that 
Lac is a Ramsar site, should be 
constructed.  These signs could be placed 
on the roads leading towards Lac alerting 
people to the fact that they have entered a 
“Wetland of International Importance” 

Figure 35: The beauty of Lac (Photo by O.Bartels) 
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Appendices 
 

Appendix 1: Overview (local) names Lac area 
 

Figure 36: Overview (local) names Lac area (Ref.: Bureau Waardenburg B.V., 1993) 
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Appendix 2: Overview monitoring locations 2007 
 

 
Figure 37: Overview monitoring location 2007 
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Appendix 3: Overview water depth in Lac in 2007 
 

 
Figure 38: Overview water depth in Lac in 2007 
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Appendix 4: Overview points of interest Lac area 
 

 
Figure 39: Overview points of interest Lac area 


