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INTRODUCTION

The primary objective of this study is to determine 
the increases or decreases in saline levels over time 
in Puerto Mosquito and Puerto Ferro, two south-
facing bays on the island of Vieques, P.R.  This was 
done by measuring changes in species composition 
and pore shape in ostracods. Ostracods are micro-
crustaceans that are sensitive to salinity, tempera-
ture, pH levels and food supply (Schornikov, 2000).   
Hence they have been used successfully as paleo-
saline indicators in previous paleoenvironmental 
interpretations. They are considered to be reliable 
proxies because they have been used to predict the 
salinity in other fluctuating salinity environments.

For example, Frenzel and Boomer (2005) grouped 
the ostracod species in marginal marine brack-
ish waters by their type of environment.  Cyprideis 
torosa are found in holeuryhaline waters, while 
Cyprideis neglecta are a halophile freshwater spe-
cies. Frenzel and Boomer (2005) grouped species 
to represent marine brackish water as well.  In this 
study, 4 samples from 1 core in Puerto Mosquito 
and 17 samples from 3 cores in Puerto Ferro were 
counted.  The proportions of species were compared 
at different core depths and were found to indicate 
the dominant water type during that interval.

The species Cyprideis torosa have also been used in 
other studies to determine the salinity because of 
their sieve-type pores (Rosenfeld & Vesper, 1977).  
The pores are generally circular, but within Cypr-
ideis they can vary from round to oblong to irregu-
lar. Rosenfeld and Vesper (1977) determined that 
saline levels decreased as the percentage of round 
pores increased.  Therefore, round pore dominance 
indicates fresher water.  A sieve-type pore analysis 

was performed on four samples from one shallow 
core of Puerto Mosquito.  

METHODS

Sample Collection and Preparation

Four cores were extracted from both Puerto Mos-
quito and Puerto Ferro using a push core or a 
vibracore.  Core lengths range from 63 to 369 cm.  
Cores were visually logged for sediment grain size, 
color, and recognizable shelly material to determine 
sedimentary facies.  Cores from Puerto Mosquito 
consist of clay, fine sand and coarse sand, with vari-
able amounts of whole shells and shell fragments, 
and rare root fragments.  Cores from Puerto Ferro 
consist of coarse sand, shelly material and halimeda 
sand scattered throughout the core.  The core color 
in both bays varies from dark gray, to greenish gray, 
to olive gray or olive black.  

Selected intervals from 3 cores were wet sieved at 
63 um and oven dried at 90 oC overnight. The dried 
sediment was sieved at a larger fraction of 3000 um 
in order to remove the large rocks and biological 
material. The remaining 63 to 3000 um sediment 
was passed through a Splitor until it was close to one 
cubic centimeter in size.  A microcentrifuge tube, 
cut at 1ml, was used as a scoop so all sample sizes 
were uniform.  The sediment was poured from the 
Splitor into the microcentrifuge tube until it was a 
full, loose fit.  No weight was recorded during this 
process.  All ostracods were subsequently picked, 
identified and counted from the 1cc sample from the 
three Puerto Ferro cores.

The core within Puerto Mosquito had two distinct 
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markers: a shelly layer and a clay layer.  The cores 
within Puerto Ferro had one marker: the transition 
from carbonate sand to halimeda sand. The Puerto 
Mosquito core was dated by the Keck project coor-
dinators using 210Pb dating. 

Species Assemblage Analysis

The assemblages within intervals from two cores in 
Puerto Ferro were compared to determine if the as-
semblages varied over time.  If there was no change, 
then the saline level did not vary enough to affect 
the ostracod population.  If there was a change, 
then it could be determined whether the saline level 
increased or decreased from the present day known 
levels by looking to see which species proportions 
changed favorably and which water type they pre-
ferred.  As a result, the changes in salinity can be 
recorded as increasing or decreasing throughout the 
three estimated dates. 

Sieve-Pore Analysis

C. torosa were photographed uncoated with a Scan-
ning Electron Microscope, (SEM) at low pressure 
with a backscatter detector.  Between three and six 
ostracods were measured from four intervals.  Only 
a section of their sieve-pores were measured using 
Image J software.  The section measured was from 
the center of the ostracod valve because that was 
the flattest area (Fig. 1).  Pores taken from the edges 
could have had distorted measurements because 
the valve rounds at the edges.  Thus, the edges were 
avoided.  Deciding how many to count depended on 
the amount of sieve-type pores present.  The section 
size was determined by maximizing the amount of 
sieve-type pores and ensuring the magnification was 
high enough to see details.

Cyprideis were not found in Puerto Ferro and 
were found within Puerto Mosquito.  Shallow core 
PM12A was selected for sieve-pore analysis because 
it had been dated previously with 210Pb by the 
project coordinators.  Ostracods from four intervals 
with average depths of: 1, 3, 19, and 23 centimeters 
were measured.  The mean depth of 1cm was dated 
to be 2003 and the deepest interval, mean depth 23 

centimeters, was dated to be 1941.  The length and 
width of the sieve-type pores were measured using 
Image J software. The ostracod sieve-pore analy-
sis performed in this study followed the methods 
defined by Rosenfeld and Vesper (1977).  Firstly, 
length was divided by width to determine circular-
ity.  Sieve-type pores with L/W equaling greater than 
1.5 were considered oblong and pores with L/W 
equaling less than 1.5 were considered round.  Ir-
regular pores were triangular, y- or heart shaped.  

RESULTS

Puerto Mosquito

Figure 2 shows the sieve-type pore analysis of 
PM12A in Puerto Mosquito. At 1 cm depth there 
was a dominance of round pores; twenty percent of 
pores were oblong and none were irregular (Tab. 1).  
However, each interval afterwards found a domi-
nance of oblong pores, steadily increasing overtime 
from fifty-five percent in 1999 to eighty-three per-
cent in 1941.  

The mean round pore length had a similar trend.  
At the mean depth of 1 cm, the mean round pore 
length was smaller than it was for the remaining 
intervals.  The size of the pore has been shown to 
increase with salinity (Frenzel and Boomer, 2005). 

Figure 1: A) SEM photograph of Cyprideis taken at low voltage 
without coating.  B) Section of ostracod upon which the sieve-
pores were analyzed. C) SEM photograph of a sieve-type pore.  
Its length and width were measure to determine circularity.
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In this study, from years 1941 to 1999, the round 
pore size steadily decreased perhaps indicating an 
decrease in salinity.

Puerto Ferro

There were five ostracod genera found within Puerto 
Ferro: Loxoconcha, Orionina, Cytherella, Proponto-
cypris, and Bairdia (Tab. 2).  The proportions of the 
five species remained relatively constant throughout 

the core (Fig. 3). 1932 is a latest known date of PF12, 
found at the mean depth of 27.5 centimeters.  The 
presence of these five species corresponds with the 
findings of the 2007 ostracod Keck project (Robert-
son, 2007).  It confirms that Puerto Ferro is an open 
marine environment and has been so since at least 
1932.  The data of the cores extend past the date of 
1932 but how far past is unconfirmed.  However, the 
ostracod data suggests that Puerto Ferro has been an 
open marine environment for some time. 

DISCUSSION AND CONCLUSION

The sieve-type pore analysis of Puerto Mosquito 
indicates there is a difference between the salinity 
of the bay in the present and salinity of the bay in 
the past.  For this study, there must be caution in 

Figure 2: The percentage of round, oval and irregular pores 
found in PM12A. A high percentage of round pores indicate 
less saline waters and a low percentage of round pores indicate 
more saline waters.

Table 2: Genus Identification for Cores PF7, PF12 and PFD2.  This 
table shows the raw data: how many ostracods were in every 
cubic centimeter interval and the numbers of each genus.

Figure 3: Species assemblages of two of the shallow cores from 
Puerto Ferro.  It is a visual representation of the percentages 
of an ostracod species found at a specific depth.  A statistical 
analysis could then tell whether the change was significant or 
not. A high significance could indicate a change in the water 
type.
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using the sieve-type pore analysis.  The species may 
be mistakenly identified because C. torosa is eas-
ily confused with other Cyprideis species such as C. 
salebrosa or C. similis.  Furthermore, the sample size 
may not be large enough to yield significant quanti-
tative data.  

From the species assemblage analysis, it is con-
firmed that Puerto Mosquito and Puerto Ferro have 
little species overlap, suggesting that these two bays, 
while lying adjacent to one another, developed dif-
ferently.  This may be because of the differences in 
the structures of the bays.  Puerto Ferro was found 
to be an open marine environment throughout the 
core record.  It has the largest channel to the ocean, 
the biggest volume, and the maximum depth, dou-
bling that of Puerto Mosquito.  Puerto Mosquito is 
dominated by Cyprideis, a known brackish water 
indicator.   

CONCLUSIONS/FUTURE WORK 

The goal of the study was to identify changes in 
paleosalinity in Puerto Mosquito and Puerto 
Ferro.   The findings indicate that the water type 
of Puerto Ferro have not changed while the water 
type of Puerto Mosquito may have been less saline 
in the past. Changes in the water type can indicate 
changes in the hydrodynamics of the bays.  Puerto 
Ferro appears to have an unchanging water type and 
consequently one can only conclude that the hy-
drodynamics have not changed in a way that would 
affect the saline levels of the bay.  On the other 
hand, evidence suggests Puerto Mosquito may have 
changed water type.  A higher salt concentration 
in the present could be the bay’s response to larger 
freshwater inputs or a decrease in bay depth. 
With ostracod analyses, the investigator often has to 
choose between a highly detailed study that can only 
look at one part of a water environment and a study 
that is less detailed but analyzes a larger portion of 
the water body.  This study looked at the larger body.  
Future studies could perform a higher detailed 
analysis by choosing only one core and investigat-
ing every 2 centimeter interval from top to bottom.  
This would provide very specific data about one part 
of the bay which could then be tied together with 

this study to make more specific estimations about 
the bay environment.

It would also be very interesting to consider whether 
or not the population of dinoflagellates within the 
two bays correlates to the variances of ostracod 
populations.  If there is a strong correlation, it could 
be hypothesized that the environmental changes 
that affect the ostracod population, like salinity and 
temperature, are also affecting the bioluminescent 
dinoflagellate population.  
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