



















































































































































































an estimate of a population expressed as the number of organisms
per habitat unit (i.e., sampling unit), as distinguished from
"population density,” which is the number of organisms per area or
volume of the sampling unit (Waters and Erman 1990).

We then assessed biological attributes of the two predominant
species based on morphologic and reproductive data. We tested for
sex effects. on size and on numbers of RTD, measured the extent of
sexual dichotomy, assessed the relationship between size and
numbers of appendix masculina spines (or whether females were
ovigerous), and estimated minimum size for possession of one
appendix masculina spine or the presence of ova. Absent characters
from damaged and fragmented specimens were treated statistically
as missing data. Shrimps of indeterminate sex and size were omitted
from data analyses involving these factors.

Only the pressure gauge variables were distributed normally.
Transformation did not relieve heteroscedasticity in the other
variables, and they were assessed by nonparametric methods.

RESULTS

Over 6 d we collected 9 samples comprising 51 gorgonians,
recovering ‘1418 specimens (including fragments) of 9 species (Table
1} Of the total number, 1364 (96%) were whole, undamaged
shrimps yielding complete data. Neopontonides chacei and Hippolyte
nicholsoni were present in the greatest numbers. Species diversity
(number of species per gorgonian) ranged from 1 to 5 (X = 2.4).
Species abundance results are summarized in Table 2. A
distribution fit of the population (total numbers of shrimps per
gorgonian) was binomial: range = 0-156 with 17 categories (n = 51),
p = 0.1778. Population intensity results computed casewise in the
same analysis: X = 0.54 (£0.64 SD), median = 0.31, mode = 0.31; X
(mean sum) = 27.8(%x32.8 SD). The size of the standard deviation,
which exceeds the mean, is further evidence -of a binomial
distribution (e.g., Ludwig and Reynolds, 1988).

Mean depth distributions by species are summarized in Table 1.
The predominant species, N. chacei and H. nicholsoni, occupy
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different mean depths. A casewise scatterplot of the numbers of N.
chacei per gorgonian against depth yielded a horizontal regression
line, suggesting little variation. The negative regression line in a
similar plot of H. nicholsoni data (Fig. 2) indicates that the numbers
of H. nicholsoni per gorgonian diminish with depth.

We converted raw depth data into four octaves of arbitrarily
selected ranges. The greatest mean number of species occurred
between 13.0 and 17.2 m (Fig. 3), although the greatest mean
number of shrimps was found between 8.7 and 12.9 m (Fig. 4).
Depth distributions of N. chacei and H. nicholsoni by size (i.e., by CL)
were tested independently with Spearman's rank correlation test.
The slope of the curve in both analyses was slightly negative. For N.
chacei n = 960, p = -0.0721, t(n.2y = -2:2363, p = 0.0256; for H .
nicholsoni n = 371, p = -0.1503, t(n.2) = -2.9205, p = 0.0037. Depth
distributions of N. chacei and H. nicholsoni by sex were tested
independently with Mann-Whitney U -tests; the relationship was not
significant for either species. For N. chacei (males, females) U =
110255, n = 493 (M) and 460 (F), and p = 0.4603. For H. nicholsoni
(unknown, males, females in multiple paired comparisons) U
=2.3912.5-11561.5; n = 48 (unknown), 124 (M), and 189 (F); and p =
0.1305-0.8416.  Significance was seen in several between-species
comparisons by depth (Table 3), and the most highly significant
comparisons (i.e., p <0.001) include H. nicholsoni as a pair member.

Sexual dichotomy in N. chacei and H. nicholsoni was assessed using
Mann-Whitney U -tests with CL as the dependent variable.
Significance was detected only for H. nicholsoni (data for specimens
of unknown sex excluded), with females significantly larger than
males (mean CL = 1.84 mm v. 1.26 mm); U = 3333.0, n = 122 (M) and
181 (F), and p = 0.0000. For N. chacei: U = 111229.0, n = 489 (M)
and 458 (F), and p = 0.858l.

Hippyolyte nicholsoni rarely has RTD. The effect of sex on RTD in
N. chacei. was not significant, and males and females are equally
likely to have the same number (Mann-Whitney U-test): n = 489 (M)
and 458 (F), U = 11129, and p = 0.8581.

Appendix masculina spination plotted against CL is depicted in
Fig. 5. Correlation between these variables was assessed using
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Spearman's rank correlation test and found to be strong for N. chacei
(n =499, p = 0.83, t(n-2) = 33.2414, p = 0.0000) but weak for H .
nicholsoni (n = 147, p = 045, tp.2) = 6.0276, p = 0.0000). Male N.
chacei can acquire a single spine at 1.25 mm CL (X = 1.8 mm, range =
1.0-2.8 mm). Mean number of spines was 3.8 (range 0 to 9, n = 493).
Male H. nicholsoni can acquire a single spine at 0.9 mm CL (X = 1.3
mm, range = 0.7-1.8 mm). Mean number of spines was 2.9 (range =
0-6, n = 122).

Figures 6 and 7 summarize relative egg-bearing status of the
two predominant species. Female N. chacei can become ovigerous at
1.9 mm CL (X = 2.4 mm, range = 1.9-2.8 mm, n = 109). For female H.
nicholsoni, minimum CL at ovigery is 1.2 mm (X = 2.3 mm, range =
1.2-2.9 mm, n = 71). Statistical distributions of uneyed and uneyed
were not different for either species, as tested with Spearman's rank
correlation: For N. chacein = 109, p = 0.05, t(n2y = 0.5207, p =
0.6037; for H. nicholsoni n =71, p = 0.03, tn-2) = 0.2897, p = 0.7729.

In his species description of Neopontonides chacei, Heard (1986)
reported that the chelae of pereopods 2 are symmetrical (see
Discussion). In our material, 11% (101 Of 903 specimens) had
asymmetrical chelae. @We recorded this data in dichotomous form
(specimens missing a chela were excluded) and constructed a
fourfold contingency table to test the null hypothesis of
independence between sex and chelae symmetry. The null
hypothesis was rejected (n = 893, x2 = 78.5089, p = 0.0000; ¢2 =
0.088). At Guana Island, female N. chacei are more likely than males
to have asymmetrical chelae (Fig. 8).

DISCUSSION

Individual colonies of Pseudopterogorgia americana harbored up
to 156 caridean shrimps of as many as 5 species. Neopontonides
chacei and Hippolyte nicholsoni, the predominant species, occupy
distinctly different mean depths. The depth distribution of H .
nicholsoni shows the stronger trend with numbers of shrimps per
gorgonian declining as depth increases. Most species occurred near
the shallow end of the depth range sampled. Not surprisingly, the



depth at which the greatest mean number of shrimps occurred (Fig.
4) bracketed the mean depth occupied by N. chacei, which
outnumbered all other species. Depth distributions of N. chacei and
H. nicholsoni were independent of size or sex. Significant difference
in between-species associations as a function of depth were apparent
mainly when H. nicholsoni was included as a pair member, further
~ reinforcing the limited vertical range of H. nicholsoni. Significant
sexual dichotomy was apparent in H. nicholsoni, with females
significantly larger than males. comparatively more H. nicholsoni
than N. chacei were ovigerous, which raises the possibility of
differences in seasonal fecundity. This could be assessed only by
sampling at other seasons.

We were unable to calculate population densities because we
knew neither the area nor volume of the individual gorgonians.
Pseudopterogorgia americana grows in protean forms. Branches are
often partly or completely dead, and overall shape ranges from
gnarled and stunted to fully upright and bushy. As in other
cnidarians, the percentage of polyps expanded and contracted, and
the degree of expansion and contraction, substantially affect both the
surface area and volume of a colony. Newly collected colonies retract
their polyps and shed mucus copiously. The result of this trauma 1is
colony deformation within minutes. ‘The -common name “slimy sea
plume” has not been bestowed loosely: separating commensal
shrimps from mucus retained in the sample bags became the most
tedious aspect of our collection procedure. The prospect of obtaining
useful information on the area or volume of collected colonies 1is
bleak. Any future method of determining population densities of
gorgonian shrimps should probably be applied in the field under
conditions of minimal disturbance. Our sampling technique appears
to stress P. americana colonies severely, but does not kill them
(Spotte and Bubucis, unpublished data). Full recovery, however,
might take weeks or months. The alternative is to devise collection
procedures that are less stressful to the host.

Our results are weakened by the uncertain taxonomic status of the
shrimps recovered. Of the 9 species recovered, only H. nicholsoni, P.
antillensis, and Trachycaris rugosa could be identified with
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confidence wusing morphologic characters and existing keys.
Neopontonides chacei was described by Heard (1986) based on 31
specimens from St. Lucia (West Indies), Antigua (British West
Indies), Carrie Bow Cay (Belize), and the Florida Keys (USA). Some
had been collected from Pseudopterogorgia americana. He listed the
principal diagnostic characters as (1) rostrum with 0-4 dorsal teeth
but no RTV, (2) chelae of pereopods 2 symmetrical, and (3) merus of
pereopods 3-5 lacking a well developed tubercle or keel-like
swelling on the distal flexor margin. These distinguished N. chacei
from N. beaufortensis and N. dentiger, the only described members
of the genus. Heard considered N. chacei to be most closely related to
N. beaufortensis, differing in the symmetry of its pereopod 2 chelae,
in the comparative slenderness of its pereopods 3-5, in the absence
of a tubercle on the merus of pereopods 3-5, in the shape of the
rostrum and eyelobe, and in the setation and spination of pleopods |
and 2 and the propodus of pereopod 5.

The Guana Island specimens agree with Heard's diagnosis in
having 0-4 dorsal rostral teeth (three specimens have a single RTV).
However, many of the Guana Island shrimp have asymmetrical
pereopod 2 chelae; still others have a prominent keel on the distal
flexor margin of the merus of pereopods 3-5. These last two
charactérs are diagnostic -.of N. beaufortensis. .Heard (1986) was
aware of overlapping characters and suggested that all specimens of
N. beaufortensis in reference collections be compared with N. chacei.

We have not compared our Guana Island shrimp with the N.
chacei type material. However, after examining several N .
beaufortensis supplied by R. W. Heard we believe our shrimp to be
either N. chacei or an undescribed species of Neopontonides.
Neopontonides dentiger is restricted to the northeastern Pacific
(Cantera et al., 1987; Rios, 1986; Wicksten, 1983) and therefore
allopatric. Deviation from diagnostic species characters might not be
unusual in a large a series of specimens such as ours; alternatively,
regional variation should not be discounted.- Heard (1986)
mentioned examining several shrimp collected from species of
gorgonians other than P. americana and finding them similar to N.
beaufortensis in some characters but distinct in others. He concluded
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that "These forms may represent new taxa or they may be
ecophenotypic variants of N. beaufortensis."

Criales (1992) recently clarified the taxonomic status of T. rugosa
(= T. restrictus). She was able to examine only nine males in existing
reference collections. Two had been collected by hand at 25 m off
Isla de Aguja (Colombia) and the remaining seven by suction sampler
between 33 and 68 m off South Carolina (USA). Females available
for examination were far more numerous and came from depths of 8
to 20 m. Known substrata from which both sexes had been collected
included coral, coral sand, and calcareous algae. Criales speculated
that male 7. rugosa are more cryptic than females and live at greater
depths.

Both Guana Island specimens in our collections are small males
(CL = 2.5 mm) and were obtained from the same gorgonian at 13.7 m.
Males examined by Criales (1992) were larger (CL = 3.03-5.65 mm).
Our data extend the habitable depth of male 7. rugosa into the
known range of females but add little to knowledge of substratum
occupancy. Although we were careful to sample only gorgonian
colonies, small bits of substratum might have entered the sample
bags inadvertently. We believe that if 7. rugosa is an associate of
Pseudopterogorgia americana, the relationship is facultative.

‘The specimens of Latreutes are juveniles of “an apparently
undescribed species (R. W. Heard, personal communication). The
specimens of Tozeuma also are small, but appear closest to T.
cornutum. Any small shrimp of the genus Periclimenes collected
from the western North Atlantic requires careful examination. This
applies especially to those of the "iridescens” complex (Heard and
Spotte, 1991; Spotte et al.,, 1994), an indeterminant number of
species that conform with P. iridescens in Chace's dichotomous key
(Chace, 1972). Most of the Periclimenes spp. we collected from P.
americana colonies at Guana Island were small, rendering their
identity even more uncertain.
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FIGURE LEGENDS

Fig. 1 Part of the collecting method sequence. A plastic bag was
placed over the gorgonian, cinched at the mouth, and shaken
vigorously to dislodge any shrimps. FIGURE WILL BE A HALF-TONE,
WHICH IS BEING PROCESSED NOW (14 February 1994)

Fig. 2 Scatterplot of the numbers of Hippolyte nicholsoni per
gorgonian computed casewise against depth. Curve fit is linear,
confidence intervals are 95%, and n = 51.

Fig. 3 Box and whisker plot of the number of species of gorgonian
shrimps (range = 1-5) against four artibrarily selected depth ranges.
Total n = 51.

Fig. 4 Box and whisker plot of the number of shrimps (all species
combined) against four arbitrarily selected depth ranges. Total n =
51.

Fig. 5 Standard deviation plots of carapace length against total
numbers of appendix masculina spines for Neopontonides chacei
(top) and Hippolyte nicholsoni (bottom). ' '

Fig. 6 Box and whisker plot of the numbers of female Neopontonides
chacei with n shown above the whiskers.

Fig. 7 Box and whisker plot of the numbers of female Hippolyte
nicholsoni with n shown above the whiskers.

Fig. 8 Box and whisker plot of the relative incidence of pereopod 2
symmetry against sex for Neopontonides chacei with n shown above
the whiskers. Scale of the ordinate: 0 = symmetrical, 1 =
asymmetrical.
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Table 1 Partial frequency table and mean depth of shrimps recovered
from the gorgonian Pseudopterogorgia americana. Trachycaris rugosa =
T. restrictus (Criales, 1992).

Species Frequency Percent Mean depth, m
Neopontonides cf. chacei 967. 68.19 12.6
Periclimenes cf. patae 36. 2.54 11.9
Latreutes sp. I3, 0.92 14.5
Periclimenes sp. 2. 0.14 21.3
Hippolyte nicholsoni 383. 27.01 8.2
Pseudocoutierea antillensis 9. 0.63 13.6
Periclimenes cf. pauper 2. 0.14 10.0
Tozeuma cf. corhutum 4, 0.28 10.2
Trachycaris rugosa 2. 0.14 13.7
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Table 2. Species abundance (numbers of each species per SU). Mean and median
values have been computed casewise (n = 1418). Means are also expressed as
mean sums (numbers of each species per SU where n = 51).

Species Mean, casewise Median, casewise Mean, sum
Neopontonides cf. chacel 0.3756 0.1765 19.1569
Periclimenes cf. patae 0.0138 0.0000 0.7059
Latreutes sp. 0.0038 0.0000 0.1961
Periclimenes sp. 0.0026 0.0000 0.1333
Hippolyte nicholsoni 0.1438 0.0784 : 1.3333
Pseudocoutierea antillensis 0.0031 0.0000 ' 0.1569
Periclimenes cf. pauper 0.0008 0.0000 0.0392
Tozeuma cf. cornutum 0.0015 0.0000 - 0.0784
Trachycaris rugosa 0.0008 0.0000 0.0392
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Table 3

Paired comparisons (Mann-Whitney U-test) of between-species distribution by depth.
Levels of significance: n.s. = not significant, * = <0.05, ** = <0.01, *** = <0.001.

Hippolyte nicholsoni

Species 1 2 3 4 5 6 f) 8
Neopontonides cf. chacei n. s. * & n. *k kD, S, * B8, S
Periclimenes cf. patae * * n. *k kD, S, * .8 S.
Latreutes sp. * k% ok, S, * * *
Periclimenes sp. ng. n§ N S.
#* *
*

Pseudocoutierea antillensis
Periclimenes cf. pauper
Tozeuma cf, cornutum
Trachycaris rugosa
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Fig. 1

HALF-TONE MADE FROM A 35-mm COLOR TRANSPARENCY SHOWING
THE COLLECTING METHOD IN SITU.

Mailed to the photo lab on 13 February 1994
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ABSTRACT ’

Hypersaline ponds in the British Virgin Islands once supported a large
population of native flomingos, which were completely extirpated by the
1940‘'s. In conjunction with a Coribbean flamingo re-introduction project,
this study compares plaonkton ecology ond water cheaistry of salt ponds on
Anegada, Beef Island, Great Camanoe, Guana Island, Necker Island, Tortola, and
Virgin Gorda. Regular wmonitoring of Guana Island salt pond has shown a
relationship between salinity and rainfall and between salinity and species
composition of zooplankton and plonts. Uater chemistry cosporisons between
salt ponds indicate that most have relatively high nutrient concentrations and
that nutrients from sea water may be concentrated in ponds. Pond nutrient
levels are not elevated by rain runoff from nearby hillsides. Comparatively
fresher ponds <(below 100 paort per thousand salinity) support greater
abundances ond species diversity of zooplankton, as well as more stable
zooplankton populations. Becouse of the drastic fluctuations in salinity ond
correlated zooplankton abundance, flamingos in the BVl would likely have to
forage in a number of different ponds during the course of a yeoar, rather than
permanently residing at any particular pond.

" ““Flamihgos are, at the least, remarkable, af best sublimely beautiful, and
at all times strange, rather remote beings inhabiting a world only they con
inhabit with enjoyment... Yet they always manage to be clean and beautiful...
in appalling heat oand glare, in surroundings fatal to any ordinary animal and
inimical to even the most determined and well-equipped human investigator...
Suddenly they appear..., delight us for awhile, ond then are gone again.”
Les|ie Brown, 1959.

The Caribbean flamingo, Ahcenicoplerus rdber ruber , is the most brightly
colored large flomingo species in the world. For centuries, this spectoculor
bird has been hunted for both food and sport, leading to its present world-
wide scorcity. It is |listed in the |UCN Red Book (International Union for the
Conservation of MNature), and, as of June 1979, it has been granted CITES
(Corwention on International Trode of Endangered Species) protection, which
prevents International trade of flamingos or flamingo products between most
countries. Conservation measures such as this did not begin soon encugh to

save tha native Caribbean flomingo population in the British Virgin Islaonds

(BUI). Native flamingos once bred by the thousands at the salt ponds of
Anegada, ond they frequented most surrounding islands. However, people
collected flomingo eggs for food ond killed juveniles and adults for their
meat, causing the BUI flamingo population to decline. The remaining few were
shot for sport in the early 1940's, and none have resided in the BUl since
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(Lazell 1986).

Coribbeon flamingos inhabit hypersaline ponds (ponds having salinities
greater than 40 parts per thousand), and they breed colonially along pond
edges. These flamingos will only breed in large numbers, when they are in good
health, ond when they are undisturbed by human activity (Rooth, 1965). The
salt ponds on Anagada historical ly provided flamingos with anough food, spaca,
and isolation to thrive and multiply, and, unlike many other salt ponds in the
BUI, Anegada‘s ponds remain isolated and relatively undisturbed today.
Al though flamingos may once have nested on other [slands, Anegada undoubtedly
corried the largest numbars, and, through flaoamingo reintroduction efforts, it
could support them again. A Caribbeon flomingo reintroduction project was
begun in late 1987 by the Guana Island Wildlife Sanctuary with tha importation
of eight birds from Bermuda. Four of these birds still survive, and plans to
boost this small population with more flamingos later this yeor are presently
underway. The original birds were introduced to Guana Island salt pond, where
they were completely protected and wall-looked after but free to lacve. They
remained on Guana until October, 1990, when, presumably due to lack of food,
thay all flew to Balmont Pond, at the wast end of Tortola. Howaever, in Moy,
1991, they left Belmont Pond, and there present whereabouts are unknown.
Probably because of thair small number, these flomingos naver attempted to
breed on Guana. The preliminary introduction of a fes birds to Guana Island
showad that flomingo reestablishment in the BU| (s feasibla and that, with
enough birds, time, and protection, the BVl could once agaln boast large
breading populations of nativa flamingos.

Al though hypersaline ponds are harsh, inhospitable environments, viewed by
many to be fit only for salt extraction projects, for solid waste dumps, to be
filled for housing development, or to be dredged out for marinas, they are
the sole habitat that con support flomingos. Unlikely as it moy appear, the
harsh hypersaline pond enwiromment supports a highly productive ecosystem,
which flamingos ond other wading birds depend on for food. Tha Caribbaon
flomingo generally feeds by filtering water or mud through its specialized
beak, thus caopturing zooplankton or small mollusks. By their unusual filter—
feeding mechanism, these flamingos eat animals ranging in size from 0.35mm to
“10mm (Olgive and Olgive, 1986). Additionally, thay can toke larger animals,
such as fish or crabs, by scooping them Into their bills, and, when food Is
scarca, flamingos will ingast tha loyar of organic material (a.g. mats of
cyanobacteria) that forms the surface of most pond bottoms. Hhen prey
abundance is low, flamingos will often fly to different ponds to feed and
return when prey populations have recovered.

Salt ponds in the BUI host numerous species of crustaceans, insects,
gastropods, phytoplankton, plants, and bacteria. Most of these species are
spacifically adapted to tha harsh, highly saline salt pond environment. Some
plankton, like the endemic variety of brine shrimp (Arfaefe salina), can
tolerate salinities of 250 parts per thousand (25 percent salt) (Goodwin et
al., 1984). Species composition In these ponds Is largely governed by
salinity, while abundances of some species, especially algoe and organisms
that feed directlu on algae, may depend on nutrient levels in pond water. As
salinity increases, living conditions bacoma harsher, allowing survival only
for those spacies specifically adapted to the resulting water conditions.
Theasa very specializad organisms must copa not only with high salinity, but
also with low oxygen, high temperature, changing ionlc concentrations as
different salts precipitate, and decreasing pH as carbonate precipitates
(Copland 1967). Al of these changes in water chemistry are associated with
increasing salinity. Thus, at high salinities spacies composition is very
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low, but abundance of individuals is often quite high, resulting in large
organic biomass or productivity.

Hypersaline ponds in the BVl may go through seasonal salinity cycles
correlated with periods of rain ond drought. Such cycles would cause a
porallel cycle in species composition ond cbundance. Additionally, runoff from
the land during extremely rainy periods may significantly change other pond
water chemical charocteristics, such as nutrient concentrations. Input or
dilution of nutrients in pond water would likely effect productivity of
photosynthetic species. fin understonding of the relationship between physical
and biological-cycles in local salt ponds is necessary for a successful long-
tarm reintroduction of flomingos to the BUI. Such information can ba used to
assess the suitability of particular ponds for flamingo habitation and can be
applied to ecological ly sound development of salt pond enwironments.

The study presented here seeks to provide a better understanding of salt
pond ecology in the BVI, particulorly with respect to providing adequate
habitat for flomingos. Few studies have investigated salt pond ecology
directly, ond little is known about the biological cycles occurring in this
unique environment. General physical characteristics, zooplankton and plant
species composition and abundance, and water chemistry were compored between
several large and relatively undisturbed salt ponds. A more detailed analysis
of Guana Island salt pond, irvolving regular monitoring over a three month
period, was conducted to investigate the response of salt pond cheaistry and
community structure to rainfall ond runoff. In addition, several local salt
ponds were surveyed during July, 1988. The feeding behavior of flamingos,
then residing in Guana's pond, ond plankton abundonce were also monitored in
Guana's pond throughout July, 1988.

MATERIALS AND METHODS

Plankton somples were token with a 120pm mesh net funneled into a
datachable flask. Zooplankton was exomined and identified microscopically.
Macro algoe and grasses were collected by hand, and presence of unicellulor

they were abundant enough to form visible, dlagnostically colored patches,
changes in water color, or benthic mats, respectively. Salinity was measured
using an Atago refractometer, calibrated up to 100 parts per thousond. HKhen
sal inities exceedad maximum reading, thay wera diluted using a 10 ml graduated
cylindar. Dissolved oxygen was maasured by siphoning pond water Into 60m! BOD
bottles and then by chamical titration using tha Milton Roy Spectrokit for
dissolved oxygen measurements. Nitrate and phosphate concentrations wmere
measurad using Milton Roy Spectrokit systems and a Mini 20 spectrophotometer.
Chemical analyses performed with these kits follow procedures described in the
17th edition of Stondard Mathods for the Exomination of Water ond Uastewater,
published by the Rmericon Public Health Association, the American HWater Horks
Association and the Water Pollution Control Faedaration.

Two ponds on Anegada, Bones Bight Pond and Flamingo Pond, were analysed on
13 March; Belmont Pond, Tortola was analysed on 20 March, 27 April, and 30
May; Josioh's Bay Pond, Tortola was analysed on May 10; Banana HWharf Pond,
Beaaf Island was analysed on 12 May; ond the small pond on Great Camance was
observed to be completely dry on 1 May. At Guana Island's salt pond, which
had low levels of sea water constontly pumped into its west end, general
phwsical characteristics were recorded and sal Inlty measurements were taken at
both the eacst and wast ends two to four times a month from March to Juna.
Completea water chemistry ond plankton analyses of CGuana's pond were performad
savaral times beatwean Morch ond Juna both during generally dry periocds (25

‘algoa or bacteria, phytoplankton, or cyancbacteria was daetermined only when -
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March, 8 RApril, 15 May) and after heawy rain (2 Rpril and 22 May). Heekly
rainfal| was measured with a stondard plastic rain collector calibrated in
inches.

During July, 1988, observations of flomingo feeding behavior were recorded
on a daily basis, and species composition and abundance of potential food
itans aos wall os salinity was monitored twica weekly. Organisas in plankton
samples and mud samples were analysed microscopically. Plankton, mud, ond
shore fauna, and salinity were analysed at Lee Bay Pond, Great Camance, the

two ponds on Necker Island, Biras Creek Pond, Ulrgln Gorda,” and Josiah's Bay .

Pond, Tortola.

Soil somples were collected from uphl!l| slopes near Belmont Pond, Josich's
Bay Pond, Sprat Point Pond, and Guana's pond. Nitrogan and phosphorus
concentrations In soll was tested using a Lamotte soll science fleld testing
kit according to procedures described in tha Lomotta soil handbook. To test
whether soil nutrients entered pond water by dissolving In rain runoff, soll
from two high-nutrient sites near the pond, as wall dried mud from the pond
bottom, were sooked in fresh water for one hour; the water was then filtered;
and nutrient concentrations in the water. ware m-d Cas described abova),

RESULTS AND DISCUSSION

Characteristics of BUI salt ponds
Anegada ponds:

Both Flamingo Pond and Bones Bight Pond are very large and highly saline
ponds which connect with the sea and with each other through a narrow
restriction at thair west ends. They were the largest and most isolatad ponds
in this study. Both were surrounded by mangrove, but about 20 feet of bare
shore extended between the mangroves and the water [ine. These ponds
occasional ly support brine shrimp (Numl Goodyear, personal communication) but
nona wara prasent in January, 1984 (Goodwin at al. 1984) or in March, 1991
(this study>. The bottom of Bones Bight Pond was covered by a hard crust
about one centimeter (ca) thick; this crust may ba formed from gupsum and
other carbonates that precipitated aond settled out of the water when
salinities were very high.

Hater salinity was 98 parts per thousand (ppt)> in Flamingo Pond and 91 ppt
in Bonas Bight Pond. Potantial flomingo food items ware plenty. Two species
.-of water boatmen (Corixidoe, Insecta) were abundont; brine flies were present
on tha shore and brine fly chrysalids wera found in tha pond; tha shalls of
two gastropods (Car/ihium /utosum ond Bt///aria ainima) and one blvalve
(Fnoaclocardia brasil/ianag ) wera axtresaly dense in pond mud oand on tha
shoralina. The chrysalids of brina flles and small Interstitial molluscs ore
major constituants in tha diets of Coribbaon flamingos on Bonaire (Rooth
19835). The orange-red color of the pond bottom suggested the presence of
Qunaiialta salina , a flagallated brine alga. At the west end of both ponds,
in the narrow restriction connecting the ponds with the sea, salinity was 40
ppt, ond water boatmen and fiddler crabs (4o sp.) were in aobundance.
Nutrient levels (nitrates aond phosphates) were high at the east end of Bones
Bight Pond, whila at tha site of tha ponds’ eorwganca m!.mmt lavals ware
similar to those in seamater (table 1). i

Tha extensive pond systems on RAnegada would provida the best habitat for
flomingos in the BVUI. They are well Isolated, undisturbed, aond extensive.
Potential food items are plentiful, oand, if laft undisturbed, flomingos would
very |ikely thrive ond breed there. However, the success of flamingo
raintroduction to HAnaegada’'s ponds would dapand on long-tarm govarnaent

o
(V.81

83.



e b bdd L

protection of their habitat from nearby development or disturbance. Presently
these ponds, although governmant-owned, enjoy no such legal protection.

Beef Island:

There are fiva salt ponds on this small island, at least two of which dry
up seasonally. Trellis Bay Pond was completely dry in early Moy, 1991,
Spartina grasses and mangrove grew along the edges of the pond bed. HNo
gastropod shells were present in the dried sondy mud bottom. The pond east of
Trellis Bay, on the far side of Sprat Point and mear Banana Hhorf, was

exomined on 12 May, 1991. A previous study of this pond described It as green

and turbid, suggesting high nutrient input from rain runoff {(Goodwin et al.
1984). However, in May, 1991, this pond (called Sprat Point Pond) had the
characteristic red colored bottom and clear water typical of extremely saline
ponds. Sprat Point Pond is isolated and undisturbed; it is privataly owned
and, dua to tha presence of unusual plaont species nearby, it is goverrment
protected (Goodwin 1984). Pond salinity was 128 ppt, nutrients were high, as
was water temperature (table 1). There was a washed-out area on the north
east end, where it looked as though especially high tides or storms moy wash
sea water into the pond. Thare ware several conch shalls and a seac-turtle
skeleton In this area, suggesting that sea water had washed over in the past.
The bottom of this pond was covered by a thick mat of cyanobacteria covered by
a layer of red algae (Lww/fe//a ). Both water boatmen and brine shrimp were
present, but in very low abundonce. Fiddler crabs were seen along the shore.
Al though plankton densities were low at the time of this sampling, populations
in other areas of the pond may have been much larger. Goodwin et al. (1984)
describes the ephemeral nature of brine shrimp, in particular. Assuming that
low plankton abundonce is nol generally characteristic of this pond, Sprat
Point Pond should be ideal flamingo habitat. It is remote, protected from
development, and supports vorious potential flamingo prey species.
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TABLE 1: Salinity and nutrient concentrations in BVI salt ponds, and nutrient concentrations in soil
samples taken from nearby uphill slopes.

soil nutrients
date
pond sampled | salinity mg NOz/1 | mg PO4/1 kg NOz /ha kg PO4/ha
Bones Bight . ) N =
(2 1a) 13/3/91 L | I,_'e' : 1.1
Flamingo
(A 1a) 13/73/91 98 - - - -
Sprat Point
(Beef 15.) 12/3/91 126 2.1 13 224 56
Lee Bay
~ (Great Cam.) oS 36 - - N .
Guana 25/3/91 54 1.1 09 112 336
8/4/91 68 12 1.0 - .
15/5/91 96 18 15 = =
(after S5.3cm
heavy rain) 22/5/91 15 05 05 - -
South pond,
Neckae1a. 24/7/88 88 - - - -
North pond,
Necker 15, 23/7/88 62 - - - =
Belmont : i I 3 . -
(Tortola) 20/3/91 120 2.1 24 168 112
27/4/91 204 21 20 - "
30/5/91 244 32 5 . .
Josiah's Bay A
(Tortola) 10/5/91 37 2.0 - 20 -
Biras Creek
(Vir. Gorda) | /80 91 - - " "
sea water
(White Bay, | 2/4/91 37 1.0 0.4 = -
Guana)

Dashes () denote missing data. Nitrale and phosphale concentrations in pond waler are given in
milligrams per liter (mg/l). while those in soil are given in kilograms per hectare (kg/ha)

Great Camanoe:

Lee Bay Pond, Great Camance's only salt pond,
hectares (ha)] and dries up completely during periods of drought.
May, 1991, it was completely dry, but in July,

1988,

A9

iz very small

[about 0.5
In early

it held water of 36ppt
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salinity ond was up to 8cm deep. This depth was insufficient to collect a
plankton sample, but a few wading birds, including a lesser yellow leg, were
sean feeding in it. Small gastropod shells were abundant in the dry mud bottom
in May, 1991, and these were similar to those present In Guana's pond
(Fyrgoohorws 3. The pond bed |s completely closed off from sea water during
normal tidal fluctuation, but probably is probably washed with seawater during
heawy storms. The bottom is probably more than half a meter cbove sea level,
and there seems to be no underground connection with the sea. Thus, under
noraal circumstonces, Lee Bay Pond probably fills with water during heawy
rains, and the water picks up salts from the pond bed (which are deposited by
the sea during strong storms), which results in this pond having low
salinities relative to most other local salt ponds. The pond shores are
covered with Sparfinag patens , a grass that commonly grows in marine marshes.
Soarting was not found near ponds that were highly saline year ‘round.

Necker Island .

There are two small salt ponds on Necker Isiand, one on the north side and
one on the south. Both were examined in July 1988 but not in 1991. The
northern pond was very deep (over | meter in everywhere but very near shore)
and was very close to the sea. It's bottom was undoubtedly below sea level,
and it probably had a strong underground connection with sea water. The pond
salinity was 62 ppt, and sea water input from below probably kept the salinity
relatively low for most of the year. UWater boatmen ond copepods (Maxillopoda)
were present in |low abundance, but no molluscs were found in the mud. The
shores supported growth of Sparfina grasses, but no fiddler crobs were found
there. HNecker Island’'s southern pond was shal lower and more characteristic of

local salt ponds. [t's shores were surrounded by mangrove, and fiddler crabs -

were abundant among the mangrove roots and on bare patches of mud. The
southern pond covered a larger area than the northern pond but was only 18cam
deep. The water had 88 ppt salinity and contained moderate abundances of

© .water boatmen ond .copepods (Cyclopioda and Harpactaocoida). In some areas

patches of filomentous green algoe grew attached to the mud bottom. This pond
was isolated from the sea and may have had only a small amount of underground
sea water input.

Tortola:

Two of the six ponds on Tortola were surveyed: Josich's Bay Pond, on the
north side, and Belmont Pond, on the west end of the island. MWhen very full,
Josich's Bay Pond overflows into Josich's Bay through a man-made ditch cut
into its north western end. The pond is situated in a fairly developed area
with moderate human traffic, and it is the least isolated pond in this study.
Livestock frequent the pond edges regularly, causing disturbance and high
rnutrient input. The pond is normally low in salinity ond supports a lush
flora (Goodwin 1984 and personal observations). However, this pond's salinity
can get very high and was observed to be 300 ppt in July, 1984, at which time
the pond was nearly dry. On May 10, 1991, Josiah's Bay Pond was undergoing a
transition from a dominant growth of filomentous green algoe (A% zvc/ionim
and C/adbpfora ) and Aypoic aaritime, a salinity-tolerant grass, to the
unicellular red algoe, Gual/isifa salina . This succession of the very
salinity tolerant Lea/ie/fa over the less tolerant flora was likely due to
gradual ly increasing salinity with drought conditions. The salinity at the
time was 97ppt. Potential flamingo food items were more abundant at this pond
than at any others surveyed. Two species of water boatmen were extremely

Fin
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abundant, as were fiddler crabs on the shore and in shallow water. Some
fiddler crabs at Josich's Bay Pond wera ovar twice as lorge as fiddler crabs
seen at other ponds. Black-necked stilts were common, and a couple seemed to
ba guarding nests. This pond supports a very productive ecosystem with an
abundant food supply for wading birds. Although this pond could serve as an
importont temporary faading sita for flamingos, it probably experiences too
much human—related activity for the birds to reside therea.

-Balmont Pond has already proven to be suitable flamingo habitat. The four
resident flamingos, reintroduced to-the BVl In 1987, resided at Belmont Pond
between October 1990 and May 1991. It is a fairly isolated, undisturbed large
pond. 1t's salinity is generally high and large seas during storms wash sea
water into it. Its bottom is closa to sea leval, ond sea water probably
percolates into It from underneath. This pond was analysed on 20 March and 27
April, whila the flomingos resided there and on 30 May, after tha flamingos
had flown away. These visits showed a gradual water level decrease and
salinity increase coinciding with dry weather. RAs the pond became shallower
and more saline, plankton abundance decrecsed dramatically. In early March,
Balmont Pond was teeming with odult brina shrimp (Numi Goodyear and Ralph
Rusher personal communication), but on 20 March, only a few juveniles were
found. HWater boatmen, on tha other hand, ware plentiful. Multitudes of small
elliptical white eggs of undetermined origin were collected with the plankton
sampla. By tha end of April, Balmont Pond's salinity had increased to 204
ppt. During the intervening month, only 3.8 cm of rain were recorded to have
fallen on Guana, and this was the driest paeriod so far in 1991. The water
line at Belmont Pond had receded about considerably since March, and the pond
was very shallow. Hater temperature was high and the bottom was very loose.
Dunaliella covered the pond bottom and shoreline. The local residents
reportad that tha flamingos had started to fly high circlas over the pond
every morning, a behavior they displayed prior to leaving Guana's pond in
October, 1090. By lata May, the flamingos were no longar prasent, and the
pond had dried even further. The bottom was extremely loose to a depth of 60

cm, -ond the water was even shallower and hotter (42°C) than in April. Pond -

salinlty had Increased to 244 ppt even though 7.9cm of raln had fallen In the
preceding month (as measured on Guana). Although saveral stilts were wading
Iin the pond, no plankton was found Iin the water. It Is probable that the
drastic salinity increcse cousad the plankton populations in Balmont Pond to
- erash, thus forcing the flamingos to seek a new pond where food was abundant.
As of late Juna, 1991 the flamingos had not returned to Belmont Pond or to
thelr previous home on Guana.

Virgin Borda:

Biras Creak Pond, Uirgin Gorda was surveyad in July 1988. This pond mas
constantly pumped with water to keep it full all year. Hater sampled at the
end farthest from the sea water input was 88 ppt saline and contained water
boatmen, copepods, and fiddler crab larvae in great abundance. Live snails
(larger thon those found deod in Lee Bay Pond and Guana's pond) ond small red

annelids were found in the mud somples. This pond is part of a resort hotel
and thera is usually much human activity closeby.

Guana Island:

The pond on Guana Island covers about 1.5 ha. ond |s completely isolated
from the sea except during severe hurricanes (e.g. Hugo in 1989). Its north
and east shores are bordered by red and white mangroves, while its southern
shore is covered with Soarf/ng potens . Guana's pond is highly productive and
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hosts a great adbundance and diversity of plankton and plants. Many wading
birds breed along the shoraes, including black-necked stilts, Bahama pintail
ducks, and thick-billed plovers. Salinity is relatively low for most of the
year, but under natural conditions it nearly dries up seasonally. It has been
pumped with sea water (averaging about 23 liters/min) to keep the pond full
sinca tha importation of flamingos in 1987. Tha bottom of tha pond is lass
than 19cm above sea level In Its deepest point, ond water from the pond
percolatas through tha ground and into tha saa when tha pond is full. Thus
the constont high-volume pumping of sea water effectively flushed the pond
slowly, "kaeping the salinity down. This pumping was dacreased substantially
as of March 1991, and the oarea farthest from sea water I[nput become
hypersalina. Tha slow concentration of salts dua to the decrecse in sea water
pumping and dry weather provided an opportunity to document species turnover
with increasing salinity in this pond from April to June, 1091,

During July, 1988, observations of salinity, plankton diversity aond
abundance, and flamingo feading behavior were made at Guana's pond. Salinity
throughout the month averaged 79 ppt and fluctuated only 1ppt up or doen.

Copapods (mostly cuclopoid) ond water boatmen waere very abundant. Thair -

abundance was fairly constant throughout the month and their distribution was
fairly even across tha pond. A few small patches of filomentous green algoa
grew attached to the mud bottom, and Aygw/z sa/t/ma covered the bottom In
shal low areas near the south shore. Fiddler crabs were acbundant on the shora,
and their larvae were present In the water. Recently dead shells of the
gastropod, Furguohores (Hydrobiidoa), were dense on the pond bottoa.
Flamingos generally spent about half the day feeding, of which the majority
took place in the morning and late afterncon. Mostly, the flamingos waded
slowly around the pond with their heads In the water sweeping from side to
side or just moving forward as they walked. This behavior is associated with
flitering food items from water or mud (Rooth 19067). HWater boatmen ond
copapods, baing of tha oppropriaia size to ba caught in Caribbean flamingo
beaks, probably made up most of their diets, while fiddler crab larvae, being

less abundant, were probably taken less frequently. On mony occasions during .
the early evenings, the flamingos were observed picking adult fiddler crabs

from around mangrove roots.

Sometime during the middle of 1990, the flamingos started to fly high
circlas ovar Guana every morning. Somatimes thay laft for a few hours (Lico
Hel Ping, personal communication). |t was suspected that the flamingos were
running low on thair natural foods, and so Dr. Lico, tha resident scientist at
the time, began supplementing thelr diet with dried dog food. The flamingos
pecked this from the surface of the pond whan it was thrown in, and thay aven
learned to come when called. However, in October, the Bahama pintail duck
population in tha pond bacama very high (up to S50 ducks wera reported), ond
these birds, being quite aggressive, often ate all the dog food before the
flamingos could gat it. Thus, by tha end of October, the flamingos had gone.
Although this scenario suggests that the flamingos’' natural food source was
becoming depleted, no plankton samples were taken at the time. However, this
behavior is consistent with those of flamingo populations elsewhere.
Flomingos in the wild generally fead in largea groups, and once food
concentrations in a pond become low, flamingos will fly to another pond to
fead. Even while nesting, Carribean flamingos have been recorded to fly 288
km from Bonaire to the coast of Uenezuela and back on daily feeding excursions
(Olgive and Olgive, 1986). It is probable that native Caribbean flamingo
populations in the BUI, both past and future, will not feed permanentiy at any
particular pond, but will rotate feeding ponds, thus allowing pray populations

=
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to renew themselves until the next feeding bout. In fact, the four resident
BUI flamingos havae already shown this behovior. Whgn food cbundance declined,
they left a7 masse to find another pond. For this reason, the establishment

of a BUl flamingo population will depend on the preservation of many different
salt ponds rather than just one large area.

1 li and ies
A gradual salinity increase in&mspondbetunnl‘h;mdm 1988, was

paral leled by changes in zooplonkton and plant species composition. Because - -

of the input of sea water at the west end of Guana's pond, a salinity gradient
developad across the pond. The east end, which is deepest, was generally more
salina than tha waest end, except after heavwy rain, when tha east end was
temporarily fresher than the west. Salinity at the west end, about 42ppt,
varied little batween March ond June, while salinity at the east end increased
g'*aduallu throughout this perlod. However, heawy rains during Hay slowed this

In Harch, Guana's pond was dominated by a thick growth of filamentous green
algoa (-ainlg Mhizocionium , but also Cladyphora\) that was both attached to
the substrate and floating in large mats. This algae was seen in small
quantities during July 1988, and it was reported to have bloomed soon after
the flomingos departed in October, 1990, after which dense algal mats soon
covered most of the pond (Ralph Rusher, personal comsunication). A number of
factors probably contributed to this sudden algal bloom, including clear
watar, high nutrient concentrations, and low-saline water. Thae presence of
flamingos over the years likely increased pond nutrients (through flamingo
dafacation and stirring up nutrient-laden mud), but thair constant wading mada
the water turbid, slowing algal growth as long as they were present. Hhen the
flamingos left, the mud probably settled out of the water, allowing the then
benthic algae exposure to sunlight. HRdditionally, sea water input and much
rainfall over tha winter resulted in low pond salinity. When tha prasent

- study b.gm In March 1991, the pond salinity was 46ppt. By early HMay,

salinity had risen to 134 ppt and the green filamentous dlgae was dying.
Fppla mxitima, a gross growing In shallow areas, was mostly dead at this
time. Lorge patches of bright green water developed in the pond; the color
was produced by an abundance of unicellulor green algaoe, possibly Gexsfiella
viridis (this species is quita salinity-tolerant but less so than Ouwne/ieffa
"yafing). The eastern pond edges were attaining on orange-red color,
indicating some growth of Qwme//el/a salina. Small patches of bright pink
bacterial colonies were growing very near shore on dying mats of green algae.
Heawy rains during May, especially on the 22nd (figure 1) decreased pond
salinity substantially, but by the middle of June, pond salinity was up to
QSppt. By this tima, both thae pink bacteria and the bright green unicallular
algae had disappeared. The majority of the green maocro—algoe was completely
dead, except for a few patches near the sea water pump. Most of the pond had
taken on the orange-red color characteristic of Gme//ella salina growth.
The gradual substitution of plants that prefer low salinities by the salinity

tolerant phytoplankton, Zme//effz sp., may occur seasonally in relatively .

~ low-salinity hypersalina ponds throughout the BUI. Results from both Josiah's
Bay Pond and Guana‘'s pond indicate that this species turnover occurs at about
100 ppt salinity (fig 2).

Zooplankton species composition also followed a succession with Increasing
salinity (figure 2). During March, pond sal inity rose from 46 ppt on the 10th
to 54 ppt on the 23th. Throughout this month, water boatmen (7/chocorixg
raficu/ata ) and clam shrimp (Branchiopoda, Conchostraca) were very abundant,
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and fiddler crab larvae and mosquito larvoe were also found (figure 2).
Between 7 April and 16 April, salinity rose from 68 ppt to 83 ppt. Copepods,
both harpactacoid and cyclopoid, appaared in great cbundance, although water
boatmen and clam shrimp were also cbundant. A few fiddler crab larvae but no
mosquito larvaoa warae found in April. East end pond salinity reached a high
point of 134 ppt in early May, but dropped after freshwater input from rain
(fig 1 and 2). In tha east end of the pond, water boatmen and clam shrimp
were no longer present, but copepods were wvery abundant <(harpactacoids
dominated over cyclopoids). Both harpactacoid and cyclopoid copepods were

carrying eggs. RAlso abundant in the plankton somple.were tiny, brown, shelled

animals that moved like rotifers oand were not identified. These organisas
were abundant in the west end of the pond through June. AIlthough the east end
was becoming increasingly saline, the wast end was still receiving sea water
input, and its salinity remained low (39 ppt). Plankton at this end included
tha some species as at the east end in addition to water boatmen and clam
shrimp. During June, pond salinity at the east end remained near 93 ppt.
Plankton species composition, acbundonce and distribution was similar to that
during Hay. Fiddler crab larvae were found in the fresher west end.

The pattern of species turnover with salinity increasa observed for both
plants and zooplankton in Guana's pond (figure 2) may be representative of
saasonal cycles in salt ponds throughout the BUI. In othar salt ponds
studled, many species present In low salinity ponds were not present In high
salinity ponds (figure 2), following a pattern similar to Guana's pond.
Salinity in most local salt ponds cycles with seasonal wet and dry weather
patterns, and should be paralleled by a cycle in spacies composition following
the successional pattern shown Iin figure 2. Clom shrimps, mosquito larvae,
fiddlar crab larvaa, filomentous green algaa, and Ruppia grass wara found whan
pond salinities were relatively low; water boatmen were abundant in a wide
range of salinities, but disappeared after salinity reached about 90 ppt or
more. In some ponds, copepods were abundant at intermediate salinities,
batwean about 60 and 130 ppt. Brina shrimp occurred only in more saline ponds,
with salinjties over 120 ppt. ‘At high salinities, over about 120 ppt, all
zooplanktonic species axcapt brine shrimp dlsq:upncrud

On the basls of food abundance alone, relatively fresher hypersaline ponds
should be preferred by flomingos. These ponds generally contain greater prey
species diversity and abundance, while in very saline ponds, species diversity
is low and zooplankton populations are very ephemeral. However, factors other
thon food abundance (such as remoteness) are also important to flamingos
colonies, and flamingos would probably not visit highly disturbed ponds no
matter what the plankton density.
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Tha discussion abova showad the importancea of water salinity to
zooplankton species composition and abundance. Although rainfall Is the most
immadiataly obvious factor affacting pond salinity, the amount of seowater
Input into a pond may be equally or more Important in determining long-tera
averaga salinity. Of tha ponds studied, those that waerea wall isolated from
the sea, thus receiving little sea water input either overlond or underground,

warae generally fresher thon those with more frequent sea water input.’

However, shen a pond receives so much sea water on a regulor basis that It is
nffocliwlg flushed, the salts in the pond water ore not given time to
concentrate through evaporation, and salinity remsains low. Ponds that are
wall isolated from sea water input, such as Lee Bay Pond, recaiva thair sater
from rain, and they dry up completely during the dry season. A certain amount
of salt, present in the pond bed, dissolvas into the fresh water os the pond
fills during rainy perlods. These salts originate from Infrequent occasions,
such as severe storas, when the sea washes Into the pond, ond they are
recycled during ‘the pond's seasonal filling and drying. In ponds that haove

- soma regulor access to sea water, but are not flushed, year—‘round salinity Is

general ly high. Hoderate Input of sea water only Increases salinity by adding
morae salts to the pond which are then concentrated through evaporation.
Salinity In these ponds decreases from rain ond probably also when heowy
storas flush the ponds with sea water. Most large ponds in the BUI, including
Belmont Ponds, Sprat Point Pond, and the ponds on fnegada, are of this sort.
Ponds such as Josiach's Bay Pond ond tha southern pond on Nacker Islond ora
intermediate between having nearly no sea water Iinput and moderate Input, and
thay probably cycle batween low and high salinity depending on amount of
rainfall.

Ponds that have personent direct interchange with the sea, such as -tha
northern pond on Necker Island, have low salinities. Sea water exchange with
pond water is so frequent in such ponds that any hypersaline concentration of

salts within the pond water is soon mixed with fresher sea water. Under these .
conditions, rainfail. has little effect on pond ‘salinity. Pornds that hava .

constont low volume sea water input into a locallzed area of the pond may not
be complataly flushed. Instead, low volume sea water input couses a salinity
gradient across the pond. FAreas near the sea water Input remain low In
salinity, while areas far from the input bacoma very saline. Biras Creek Pond
ond Guana's Pond, both of which have sea water pumped Into theam, ore exasples
of such a ponds. Pravious to Maorch, when the volume of sea water pusped in
was quite high (about 23 |iters/minute), Guana‘s pond was probably closer to a
cospletely flushed pond.

In mt aquatlc ecw;stm nutrlents are Illlted cnd thus play on
Important part in datermining blological productivity. Becousa hypersaline
porcds ara such harsh ernwironments, few organisms con |lve there, ond nutrients
ora often not afficiently used (Copaland, 1967). Incomplete usa of nutrients
ond organic compounds [n on ecosystem suggests that the Input of excess
rnutrients would not increase productivity. However, Ooodsin et al. (1984)
found that fertilizing hypersaline ponds would increase algal growth, thus
providing mora food for brina shrimp. Hypersaline ponds tested in this study
had nitrate ond phosphate concentrations up to three times (for nitrates) and
six timas (for phosphates) greater thon sea water (table 1). In an effort to
deteraine whather rain runoff from lond corrles nutrients Into ponds, an
awalysis of soil chaaistry and rain water was performed. No corralation was
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found between pond nutrient concentration ond nuirient levels in surrounding
soil (table 1). MNutrients in mud from the bottom of Guana‘s pond were
extremely high. Hatural soil containing moderate nitrate and high phosphate
concentrations was soaked in rain water for one hour (it was periodically
shaoken to encourage solution). FAfter the soil was filtered out, nutrient
levels in the soil-exposed rain water were zero. Hhen this experiment was
performed on Guana’s salt pond mud, however, nutrient levels in the rain water
became very high (greater than that of the salt pond‘'s water). HWater samples
taken from Ouana's pond after heaw rain on 22 May had very low nutrient
concentrations (table 1). These results indicate that most ponds do not
receive nutrients from rain runoff. Alternatively, nutrient levels in salt
ponds may rise through concentration of sea water. HAs sea water, which has
low nutrient levels, enters a pond and concentrates by evaporation, nutrient
levels within the pond should increase. By using salinity as a indication of
evaporation and concentration of sea water in salt ponds, the idea that pond
nutrient levels increase through the evaporation of sea water can be analysed.
fAs salinity increased im Guana's pond, nutrients increased, and, in the
various ponds studied, higher salinity ponds had higher nitrate and phosphate
concentrations (figure 3). This suggests that the concentration of sea water
through evaporation provides high nutrients in pond water. However, if the
source of pond nutrients is internal (i.e. from biological cycles), low
salinities may merely represent a dilution of pond water rather than an
indication of little concentration of sea water. This is especially
problematical for comparisons between ponds with different levels of sea water
input, but the pattern held within Guana's pond in which sea water input was
constant and regulated.
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FIGURE 3: Plot of pond nutrients (phosphates and nitrates) versus salinity, showing a linear
increase of both nutrients with increasing salinity.

Conservation of salt pond habitats:

Salt ponds in the BVl are, for the most part, highly productive and could
provide rich food sources for' flamingos. Some salt ponds are still well
preserved and undisturbed and should provide ideal flamingo habitat. |If these
ponds, in particular, are protected from any disturbance or development of the
surrounding land, a successful reintroduction of flamingos is likely. Hith
enough habitat, flamingos will reproduce, and in a number of years, BUI ponds
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could be graced with lorge flocks of these magnificent birds. The success of
the flamingo reintroduction project depends on tha number of healthy flamingos
that are brought (they are more likely to breed In large flocks), and the
ability of BUl ponds to support them. The ponds of FRnegada, being both
productive and very isolated, provide the most ideal flamingo habitat.
Howaver, any flamingo colony established there wouid most likaly need to faed
from ponds on surrounding islands even before their population gets large.
Thus, there is, primarily, a need to establish goverrment protection of
Anegada ponds, and, secondarily,.efforts should focus on protecting a number
of other still well-preserved ponds. Ponds such as Belmont Pond (Tortola) and
Sprat Point Pond (Beef Island), being well-preserved and isolated, may provide
important food rasourcas for flamingo populations and daserve protection.
Although other ponds, such as Josiah's Bay Pond are highly productive, many
are likely too disturbed to attract flamingos, but measures to exclude human
traffic and |ivestock from areas around these ponds could turn them Into
suitabla flamingo habitat. Most salt ponds in the BUI provide feeding and
breeding grounds for natlve ‘wading birds such as black-necked stilts, Bahama
pintail ducks, and thick-billed plovers. Thus, legal protection of salt ponds
would beneflt mony waterfow!, and, furthermore, it would assure the
presarvation of the unique salt pond ecosystem in the BUI.

GENERAL CONCLUSIONS:

1. Gradual increases in pond salinities are paralleled by a succession of
lass salinity-tolarant to more salinity-tolerant organisas. Species
composition in BUl salt ponds probably cycles with changes in salinity, which,
in turn, is effected by seasonal wet and dry periods.

2. Low salinity ponds support a greater diversity of zooplankton than do
extremely hypersaline ponds.

3. BVl salt ponds have relatively high nutrient concentrations, and the
sourca of thasa nutrients may ba extarnal. PRunoff from haouy rains does not
increase pond nutrients, but concentration of nutrients from sea water input
to ponds may result in high rnutrient levals characteristic of local salt
ponds.

4. For a particular pond, average yearly pond salinity may be determined
more by the amount of sea water input than by the amount of rainwater input
that a pond expariences.

5. The ponds on fAnegada, being both remote and biologically productive,
should provide the best flamingo habitat in the BUI. However, resident
flamingos would probably have to travel regulariy to neighboring islands to
feed.

6. Salt pends in the BU| could provide ideai habitat for the once-native
Caribbaan flamingos, but long tearm succeass of a flamingo raintroduction
project depends on legal protection of salt ponds.

ACKNOWLEDGEMENTS

| thank Lisa Huehlstein for algal identifications. | thank the Falconwood
Corporation and Guana Island HWildlife Sanctuary for supporting this work, and
| thank Henry and Gloria Jaracki for thair generosity and continued tnteﬂtst
in biological conservation and scientific research.

LITERATURE CITED

Brown, L. 1959. The Mystery of the Flamingos. Country Life.
Copeland, B.J. 1967. Environmental characteristics of hypersaline lagoons.
Contributions to Marina Scienca. 4:207-218.

Cf&f

74,



