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Compared to northern Biscayne Bay, southern Biscayne Bay is 
relatively unaltered and pristine. This has been attributed 
largely to the relatively low ratio of land runoff to bay volume 
in the south (Brand et al., 1991). Nevertheless, the influence 
of land runoff can be observed in the south. The communities 
along the western shoreline, particularly near canal mouths, are 
most influenced by sudden changes in salinity, high nutrient 
concentrations, and other pollutants. Algal blooms occur around 
the mouths of the canals entering southern Biscayne Bay during 
the rainy season (Brand et al., 1991). The densest seagrass 
meadows with thick epiphyte growth are observed along the 
shoreline. These spatial patterns have been interpreted to 
indicate that nutrients from land runoff in the canals is a major 
source of nutrients to south Biscayne Bay (Brand et al., 1991; 
Brand, 2002). 

The Comprehensive Everglades Restoration Plan (CERP) is 
expected to alter land runoff into southern Biscayne Bay, 
altering its salinity and nutrient regimes and other aspects of 
the ecosystem. Because this is such a large, unprecedented 
project that will alter the entire South Florida hydroscape, it 
is recognized that all of the ecological consequences cannot be 
predicted ahead of time. As a result, the strategy of adaptive 
management will be used to observe changes in various ecosystems 
so that midcourse corrections can be made. Therefore, baseline 
studies need to be conducted before hydrographic alterations 
begin. Also, specific indicators of environmental stress are 
needed for long term monitoring. 

Phytoplankton are among the most sensitive indicators of 
water quality and ecosystem health. Because of pelagic-benthic 
coupling in shallow ecosystems like Biscayne Bay, changes in 
phytoplankton would reflect not only changes in land runoff 
directly, but also changes in the sediments and shallow benthic 
community as a result· of changes in land runoff. 
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Because of the expense of long term monitoring, only 
techniques that are relatively simple, quick~ and inex~ensive are 
very useful. several specific indicator ratlOS of envlronm~ntal 
stress in the phytoplankton community were examined for thelr use 

in monitoring ecosystem health. . 
As a broad generalization, phycocyanin-rich cyanobacterla 

and chlorophyte phytoplankton (e.g. green algae, euglenids) tend 
to become dominant in stressed marine ecosystems, and chromophyte 
phytoplankton (e.g. diatoms, dinoflage1lates) dominate in stable 
marine ecosystems. It was hypothesized that, as a result, the 
ratios of phycocyanin:chlorophyll a and chlorophyll b:chlorophyll 
a could be used as indicators of stress on the phytoplankton 

community. 

Methods 

Using a Biscayne National Park boat, 27 stations in south 
Biscayne Bay (Figure 1), located by GPS, were sampled. At each 
station, temperature, conductivity, salinity, and oxygen were 
measured 0.5 meters below the surface and 0.5 meters above the 
bottom with a portable YSI 85 Oxygen-Conductivity-Salinity­
Temperature Meter. In water less than a meter deep, measurements 
were made halfway between the surface and the bottom. 

Water samples were collected 0.5 meters below the surface,in 
clean high density polyethylene bottles. The water samples were 
transported back to the laboratory in cooled ice chests the same 
day. On the same day as water collection, turbidity was measured 
in the lab with a LaMotte 2008 Turbidimeter calibrated with EPA­
approved polymeric standards. 

For chlorophyll a, b, and c analysisj three replicate 
water samples (with approximately 1 mg of MgC03 added) were 
filtered through GF/F filters, and the filters were frozen at -
20°C. The filters were extracted with 10 ml of dimethylsulfoxide 
for 30 minutes, and then with an additional 15 ml of 90% acetone 
overnight at 5°C. Spectral fluorescence was measured before and 
after acidification in a SPEX Fluorolog-3 spectrofluorometer at 
different excitation wavelengths to take advantage of the 
different excitation and emission spectra of chlorophylls a, b, 
and c (chl. a: ex.-435 nm, em.-668 nm; chl. b: ex.-470 nm, em.-
652 nm; chl. c: ex.-450 nm, em.-634 nm). 

Phycocyanin and phycoerythrin were analyzed by filtering 
three replicate water samples through GF/F filters and freezing 
them. The filters were extracted overnight with a phosphate 
buffer (pH 6.5, with 0.01% mercaptoethanol added) at 5°C and 
their spectral fluorescence measured with a SPEX Fluorolog-3 
spectrofluorometer at different excitation wavelengths 



(phycocyanin: ex.-580 rum, em.-640; phycoerythrin: ex.-520 rum, 
em.-580 rum). The SPEX Fluorolog-3 spectrofluorometer was 
calibrated with purified pigments. 
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Nutrient bioassays were conducted by adding either no 
nutrients (as a control); 250 pM N03; 25 pM P04; or 250 pM N03 
and 25 pM P04 (as a control) to 30 ml water samples and 
monitoring algal biomass daily fluorometrically for 1 to 2 
months. The highest in vivo chlorophyll fluorescence measurements 
achieved in each enrichment were compared to determine if the 
initial water samples were originally N or P limited. An index 
of nutrient limitation was calculated using the equation: 

FLN - FLP 
FLN + FLP 

where FLN is the highest chlorophyll fluorescence observed in the 
incubation with 250 pM N03 added and FLP is the highest 
chlorophyll fluorescence observed in the incubation with 25 pM 
P04 added. A positive index indicates nitrogen limitation and a 
negative index indicates phosphorus limitation. 

Results 

The raw data are given in Table 1. Figure 2 shows the 
rainfall during the period of sampling at S123, located along the 
western shore of south Biscayne Bay near the mouth of Cutler 
Canal. It shows a fairly typical South Florida seasonal cycle, 
with low rainfall November to April and high rainfall June to 
September, with May and October being transitional months between 
the dry season and r~iny season. Flow through canals draining 
Miami-Dade County into south Biscayne Bay shows roughly the same 
seasonal pattern (data shown in subsequent figures). The impact 
of this land runoff is seen in Figure 3, which shows that average 
salinity over the year is considerably lower along the coastline 
than further offshore. 

Abundance of phytoplankton in the water, measured as 
chlorophyll a, also reflects the land runoff along the western 
side of the bay (Figure 4). This indicates that the freshwater 
runoff is the major source of nutrients for the algae. As a 
result, one observes higher chlorophyll concentrations at lower 
salinities (Figure 5). This can also be observed in time courses 
from dry season to rainy season in canal flow, salinity near the 
canal mouths, and chlorophyll concentrations near the canal 
mouths. Figures 6 through 13 show the data for the Aerojet Canal 
(C111), Mowry Canal (C103), Military Canal, Princeton Canal 
(C102), Black Creek Canal (Cl), Cutler Canal (C100), Snapper 
Creek Canal (C2), and Coral Gables Canal (C3), respectively. 
These data are in agreement with an earlier study that showed 



that freshwater runoff from land was the major source of 
nutrients to Biscayne bay (Brand et al., 1991). 
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Chlorophyll c is a major accessory pigment of many typical 
marine phytoplankton such as diatoms and dinoflagellates. Figure 
14 shows a chlorophyll c concentration pattern similar to that of 
total phytoplankton biomass measured as chlorophyll a: higher 
inshore than offshore. As a result, there is a strong 
correlation between chlorophyll c and chlorophyll a (Figure 15) . 
The chlorophyll c/chlorophyll a ratio as an indicator of the 
chromatophyte component of the phytoplankton community is fairly 
constant throughout Biscayne Bay, not changing substantially from 
oligotrophic to eutrophic communities (Figure 16) or low to high 
salinity habitats (Figure 17). 

An examination of the time course of the chlorophyll 
c/chlorophyll a ratio from the dry season to wet season also 
shows that there is no major change over time (Figures 18-25), 
with some exceptions. Manatee Bay, which receives water from the 
Aerojet Canal, does show a drop in the chlorophyll c/chlorophyll 
a ratio in the rainy season (Figure 18). Water near the mouths 
of the northernmost canals (Cutler, Snapper Creek, Coral Gables) 
also show a two-fold drop in the chlorophyll c/chlorophyll a 
ratio during the rainy season (Figure 22). All the canal mouths 
also have a low chlorophyll c/chlorophyll a ratio in the first 
month of sampling (Figures 18, 21, 22) for reasons that are not 
understood, but probably a result of conditions that existed 
before sampling began. Overall, however, Barnes Sound, Card 
Sound, waters near the Mowry, Military, Princeton, and Black 
Creek canals, central Biscayne Bay, and offshore waters all show 
no substantial change in the chlorophyll c/ chlorophyll a ratio 
from the dry season to the rainy season (Figures 19, 20, 21, 23, 
24, 25). 

Chlorophyte algae, containing chlorophyll b, tend to 
predominate in more perturbed, eutrophic water. Higher 
chlorophyll b/ chlorophyll a ratios along the shoreline than 
further offshore (Figure 26) is an indication of this. The 
higher chlorophyll b/ chlorophyll a ratio in water with the 
highest total chlorophyll a (Figure 27) also indicates that 
chlorophyte algae are a greater portion of the phytoplankton 
community in more eutrophic waters. The data also indicate a 
somewhat higher chlorophyll b/ chlorophyll a ratio in lower 
salinity water (Figure 28) . This is seen more dramatically in 
the time courses from dry season to rainy season. It is quite 
striking that the chlorophyll b/ chlorophyll a ratio increases 
throughout Biscayne Bay as the rainy season develops (Figures 29-
36). It is significant that the chlorophyll b/ chlorophyll a 
ratio increases even offshore (Figure 36) where runoff is greatly 
diluted. The fact that the chlorophyll b/chlorophyll a ratio 
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during the rainy season is considerably smaller offshore than 
inshore indicates that this is the result of runoff dilution and 
not a general seasonal factor. The chlorophyll b/ chlorophyll a 
ratio is small and total pigment concentrations are lower than 
closer to shore, but the elevated ratio can still be detected, 
indicating that it could be used as a sensitive indicator of 
runoff. 
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Cyanobacteria that have phycocyanin also tend to proliferate 
in more perturbed, eutrophic waters. This is reflected in the 
fact that the phycocyanin/ chlorophyll a ratio is higher along 
the coastline near the canal mouths and lowest in the middle of 
the bay and offshore (Figure 37). This is also seen in the 
higher phycocyanin/ chlorophyll a ratios in waters that have 
higher total chlorophyll a (Figure 38). 

The role of runoff can be seen in the correlation between 
high phycocyanin/ chlorophyll a ratios and low salinity (Figure 
39) . This can also be seen in the time course of phycocyanin/ 
chlorophyll a ratios throughout the bay (Figures 40-47). The 
phycocyanin/ chlorophyll a ratio increases dramatically as the 
rainy season starts and land runoff enters the bay. This is even 
seen offshore (Figure 47) where runoff is diluted and total 
phytoplankton biomass is lower. The fact that the 
phycocyanin/chlorophyll a ratio during the rainy season is 
considerably smaller offshore than inshore indicates that this is 
the result of runoff dilution and not a general seasonal factor. 
The phycocyanin/ chlorophyll a ratio is lower than inshore, but 
the increase can still be easily detected, indicating its 
usefulness as a sensitive indicator of runoff. 

Cyanobacteria that contain phycoerythrin predominate in 
oligotrophic offshore waters. As a result, the highest 
phycoerythrin/ chlorophyll a ratios are found offshore and the 
lowest are found along the coastline (Figure 48). A curious 
exception to this is high phycoerythrin/ chlorophyll a ratios in 
the north near Snapper Creek Canal, Coral Gables Canal and Key 
Biscayne. Higher phycoerythrin/ chlorophyll a ratios tend to be 
associated with lower chlorophyll a (Figure 49), indicating that 
phycoerythrin-containing cyanobacteria are a larger portion of 
more oligotrophic phytoplankton communities. Phycoerythrin/ 
chlorophyll a ratios also tend to be higher at higher salinities 
and lower at lower salinities (Figure 50). An examination of the 
course of phycoerythrin/ chlorophyll a ratios from dry season to 
rainy season (Figures 51-58) indicates no major changes. 

Figure 59 shows that south Biscayne Bay is primarily 
phosphorus limited, which is in agreement with earlier studies 
that found Biscayne Bay to be phosphorus limited (Brand et al., 
1991). This is largely the result of eastern South Florida being 
dominated by limestone, which chemically scavenges phosphorus 



from the water, shifting the ecosystem to a phosphorus limited 
one (Brand 2002). 

Conclusions 
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As had been found in an earlier study (Brand, et al., 1991), 
phytoplankton abundance was higher along the coastline than 
offshore. Phosphorus is the primary limiting nutrient in south 
Biscayne Bay. Algal blooms increased substantially after the 
rainy season began and land runoff flowed down the canals into 
the western side of south Biscayne Bay. Chlorophyll b/ 
chlorophyll a and phycocyanin/ chlorophyll a ratios, as 
indicators of the proportion of chlorophytes and cyanobacteria in 
the phytoplankton community, respectively, also increased 
dramatically with increased runoff down the canals. These data 
indicate that chlorophyll b/ chlorophyll a and phycocyanin/ 
chlorophyll a ratios can be used as sensitive indicators of 
perturbations in the phytoplankton community caused by runoff. 
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18 41~~~---~~ril 2Cl2~-~1?~~96667 -8033026667r-J-3~?- _Oc95 29.9 ····---~2 __ 0.:.?_~9998 q .. --~ ____ 0.000065 __ Q_-0.:_2_46758101? 
19 412312002 2002 April 2002.04 25.5189 -80.32008333 13:30 0.55 30.4 26 0.194011 0 0.019535 0 0 0.462955032 
20 4123/2002 2002April 200204-----4~-52721667 -80.3038\~ ~~~,=_Q}O 30.1 -26 -0.217167 o 0.020478 _0.000102 0 0.07574654 
21 412312002 2002 April 2002.04 25.61068333 -80.30215 14:10 0.85 30.9 32 0.293073 o 0.034134 0.000058 0 0.4767726f6 
~f-_4i2312002 2002April 2002.04 25.65481667 -80.~7 14:25 0.65 29.6 -~-- 0.32941_!; _ o 0.~759 0.00025 0 ~0.474513012 
~--. 4/23/2002 2002Apnl __ 2002.04 25.70038333 ---=-~:?4253333 14:40 1.80 ">.~ _____ 29 2.077911 --~-_Q·~-~-,O.q0425 0.00265 __ _-0.41~ 
24 4/2312002 2002APril 2002.04 25.70745 -80.2014 14:50 o.45 28.8 34 o.306814 o o.o27907 o.ooo631 o -0.648349285 
25 4123/2002 2002April 2002.04 25.60608333 -80.23196667 15:45 1.70 28.6 37 0.150918 0.000164 0.011689 0.000392 0 -0.022678186 
26 412312002 2002 April 2002.04 25.5515 -80.23996667 16:00 1.40 28.6 37 0.082892 o 0.006496 0.000041 o 0.537260616 
27 4/2312002 2002 April 2002.04 25.49488333 -80.2785 16:15 1.40 29.1 38 0.117858 o 0.007204 0.0014 0 -0.281983471 
'(~:f~~:;~·A:. :~::-:\~·;~~~{;;':(~~~{~'~:-~!~"':§~;k?:'i:~?,~-·: ::_.::-:~t:r:··' ::':·.~:;~, .-.'~~~;' ., . ;-y' ·>':"- <::.. _.<~>:-'-:'· _-_·_,'-.,~ ... :· c~:.,~-8--'<.~,:~:.~~' ' :;··;:,· .. -~;s:~.c~,~ . -~-;~;·, ,_. 4 ;'<:· · ~.,-' ,>: •• ~::-:~: •. : • · -.·>.\~'< · ~--~/$~ ~-.. -.,::·' · ,_,···:~ .. ~ .. <~~;~; 
1 __ 512312002 2002 ~~---- __ 2002.05 25.46328~ _ _:ll(l.31861667 1.40 25.2 39 0.336829 0 0.022389 O.()()C)_!!44 0.001605 -0.216957606 
2 ____ . 5/23/2002 2002 MaL __ ---::_· 2002.05 25.45291_667"=--------_80.30575 2.80 __ ~~4 ____ 39 0.27858 ___ ot------~0!2882 o.004175 ooq~ _____ :0.564~~ 
~- 5/2312002 2002 May ~ ---~--4~ -80.27936667 1.20 --~~,_____ 39 0.286886 ____ o _ D_01~~t----0.004004 0.003371 ____ 0.813L~ 
4 __ 5/23/2002 2002May ______ 2002.05 25.40708333 __ -80.24448333 0.65 25.4 38 0.313612 ~.......9c.O..~~f--- 0.004145 0.000143 0.976262711 
9 5123/2002 2002 May 2002.05 25.35 -80.27756667 1.00 25.5 37 0.207715 o 0.014953 0.001307 o -~0.~~~~ 
10 512312002 2002 M~ 2002.05 25.35051667 -00.2985 0.25~1-- 37 0.216~~ 0 0.017054 0.001313 0.016732 -~~Q-90206801_1 
11 512312002 2002 May 2002.05 25.3258 -80.33115 0.25 26.1 37 0.36583 0.000137 0.025443 0.005633 o -0.640372269 
12 5/2312002 2002 May 2002.05 25.2977 -80.35983333 1.10 25.8 38 0.809662 o 0.057956 0.008329 0 -0.322730522 
13 5/2312002 2002 May 2002.05 25.26568333 -80.37753333 0.45 26.1 38 0.42486 o 0.036997 0.003596 0 0.687363126 
14 5/2312002 2002 May 2002.05 25.23036667 -80.3894 0.40 26.1 36 0.535565 o 0.058675 0.004878 0 0.691167574 
15 5/2312002 2002 May 2002.05 25.24443333 -80.41465 0.55 26 35 0.358762 o 0.037918 0.001844 0 -0.335229722 
~f-5i2312002 2002 May 2002.05 25.41676667 -80.31078333 1.20 25.9 · 38 0.404305 o ·0.036523 _ ·-- 0.000738 0 -0.378382331 
17 512312002 2002 May 2002.05 25.47043333 -80.32668333 0.00 26.1 39 0.177213 o 0.017739 0 0 o 861307671 
~---:: 5/2312002 2002 May 2002.05 25.48986667 -80.33031667 0.05 26.3 40 0.297472 -~f--0.029111 _ 0.00015 0 _ 0.209964413 
19 5123/2002 2002 MaL__ 2002.05 25.51881667 -80.32 0.35 26.6 38 0.437822 o 0.0427 0.000471 0 0.380122297 
~ ~~123/2002 2002 May - 2002.05 25.527~~ -80.304 o.15 -~---- __ 40 o.339005 --------a -o.o~2t----MOO_:T42 o __ -0.694171467 
21 5/2312002 2002 May 2002.05 25.61088333 -80.30216667 0.50 27.2 36 0.364541 o 0.042415 0.001076 o 0.089303005 
22 512312002 2002 May 2002.05 25.6548 -80.26488333 3.80 26.8 35 0.934707 0 0.084936 0.030477 0.008965 0.304467865 
23 512312002 2002 May 2002.05 25.7002 -80.24236667 0.40 27.4 35 0.994227 o 0.11515 0.023916 0.002198 -0.63971794 
24 5/2312002 2002 May 2002.05 25.70735 -80.20161667 1.90 26.7 37 0.447712 o 0.045805 0.002938 0 -0.534975369 
25 5/2312002 2002 May 2002.05 25.60598333 -80.2318 0.65 26.8 36 0.196789 0.00028 0.0245 0.002372 0 -0.690448014 
26 512312002 2002 May 2002.05 25.55158333 -8Q n<lAA"'::t"' o 95 26.7 37 0.2Q9702 O.OOOCJ69 o 011587 0.0017st: 0 -0.865180995 
~!':' ,;;_, <: '"" -,."". :::'.'''/OJ' ,J,;t~ •:. "''"'''R' ''' .:··(if'rte:c~i'fA¥5"'!.>'4~ 
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~ 

4 I 7/19/20021 20021July I 2002.071 25.4071 -80.24471 I 1.601 30.81 331 0.1782161 61 0.0089041 0.0021831 ol -0.6611295681 
5 I 7119120021 20021Jufy I 2002 071 25.383831 -80.2()75!- I 6.001 30 71 351 0.1495421 0.000041 0.0085821 0.0035641 0.0000661 _ .. -- -0.902955321 
6 I 7/19/20021 20021July I 2002.071 25.380831 -80.17881 I 2.801 30.51 361 0.1741951 0.002933[ 0.()()98341 0.0052781 Ol -0.369 
8 1 7119/20021 20021July 1 2002.011 25334171 -80.24021 1 2.801 30.61 351 o.1685911 · ----or-o:009306r- -o.002o18i ol 0.357128588 

7/19/2002 2002JIJ!t 2002.07 25.34983 -80.2775 2.00 30.6 31 0.:225733 (fQ096660:615356 .,_, 0.004183 -0.803232~ 
F--+---?7J'912002 2002 J~:~IL 2002.07 .... _,25.35058 :_ .. _ __:!!0_,_2!!8_!! . 0.50 31 . -- "28 0.566579 0.024794 0.042905 0.004198 ··- ----0.854700712 

7/1912002 2002July 2002.07 25.32525 -80.3307 0.15 31.3 27 0.464617 0.017218 0.034494 0.00469 -0.645705521 
F---+--..;771912002 2002July 2002.07----··25.29767 -80.3599 0.85 31.4 ·· 24 0.321027 0.000141 0.02066 o.o6183-- -----0.9046981661 

7/1912002 2002 July 2002.07 25.266 -80.3773 0.85 31.5 24 0.36004 0.000345 0.026485 0.002592 ·- --o:B96929513 
7/19/2002 2002July __ 2002.07 25.23017 -80.3691 0.50 31.6 25 0.59843 0.000174 0.052564 0.003269 0.598911379 
7/19/2002 2002 July 2002.07 25.24467 -80.4148 1.20 31.2 16 0.990688 0 0.022322 0.00024 -0 7117094231 

16 I 7/19/20021 20021July I 2002.071 25.416671 -80.31111 I 4.301 31.31 281 l:C2836551 . -Oio:o20996T ____ O.o61235l 0.0049511 -0.231170865 
17 I 7/19/20021 20021July I 2002.071 25.470421 -80.32671 I 0.551 30.71 281 0.3753261 - . ·----or-o~03617T--o.0024031 0.0039041 -0.12955171 
18 I 7/19/20021 20021July I 2002.071 25.489831 -80.33041 I 0.201 30.61 211 0.6209851 0.0041341 0.0510181 0.001981 0.0118531 -0.2699719361 
~ 7/19/2002 ~J~Iy 2002.07 25.51883 -80.32-- (5.80 31.1 13 0.467871 0.000028 0.028066 0.00062 0.2066191 
20 7/1912002 2002~ 2002.01 25.52717 -80.3038 1.00 30.4 · 11 o.906256 o o.o78949 o.oo1145r---·o.3271861 
21 7/19/2002 2002Jul}: 2002.07 25.61067 - -80.3002 0.85 32.4 19 1.09376 o o:o87405- 0.01256 0.0552151 
22 711912002 2002 July 2002.01 25~65483 -- -80.265 ___ 2,8o 29.2 3 1.._.-~r-o 151414 o.044276 · o.o1_5El48 o . .(4!;6~L 
23 7119/2002 200 July 2002.07 25.70033 -80.2427 f3t:J 32.1 23 1.073401 0.010166 0.050573 0.02881 o.S= 
~ -fi19/2002 2002Jul}: 2002.07 ·-----25:70733. -80.2013 0.60 31.4 ---· 24 0.563602 0.000069 0.026825 0.013074 0.098068 
25"· 7/19/2002 2002 July 2002.o7 25.60625 ---=oo~:231a -- ~1:40 31:2 32 ·o-:3881o7r-O.oei003--o:o3043 ---- o.aoo789 -- o-:-oo~ 
26 I 7/19120021 20021July I 2002.071 25.551671 -80.23981 I 1.601 31.51 301 0.3801441 0.0001251 0.0254771 0.0139321 0.0466051 -0.380799001 
21 . 1 7/19120021 2002IJuly 1 .. 2002.011 25.494831 -80.27841 2.101 31.51 o.67049J o.oo1o11 o.055641I o.o18832l o.004211I o.956977391 

~"'' Cif.\;{'t~;!~r :y~;~~~v -~~i0 ~~~~~\ ~}7!~i'··· · -:~~~~·~:~r ~~~ ·~:;~- J.;m~~-s~,~~ ·~~~~~·· ... ;a;~~~~~-~ ·· ::~&;~~f -0 

2002.08 25.45283 -80.308 8:54 2.70 30.4 26 0.309141 0 000183 0.016805 0.001816 0.000883 -0.711219967 
''---+~2002.08 25.43083 -80.2796 .. 9:04 2.70 30.2 31 6:283437 0 000175- O.D13413 ....... 0.004005 0 -------·:0.68420055 

=--+--·?Q2208 25.407 __ · -80.2447 9:15 2.8_of-~:30.4 34 o~315947r--~::::o - o.o13316 - -- o.o11475 _ o.02287 --=~~'.::'_.:_o_:7_4_544_7~~ 
~37=<='--+--=2002..08 25.38383 -80.2075 9:26 5.10 30.3 35 0.223548 0.000077 0.013004 0.002492 0.020884 -0.864830776 
:o=F.=::_-+--'2002~-- .08 25.38083 -80.1788 "9:36 3.00 30.2 36 0.330719 0.000153 0.011845 0.020798 0.006007 --------::o:3418951 

:!7==::_-+ _ _.:2002= .08 25.33417 -80.2402 9:51 2.20 30.3 34 0.232147 0.002294 0.016534 0.003167 0 -0.83849169 
2002.08 25.34983 --· -80.2775 10:02 6.70 30.6 34 0.338986 0.004083 0.025322 ·-D.002400 0.002625 _ _, ___ 0-.1-193-7-41-00 

10 I 8/14/20021 20021August 1 2002.081 25.350581 -80.2988110:091 1.501 30.41 33T0.521585I 0.0144321 o.048517f ___ o.oo3941 ol -0.2294433461 
11 I 8/14/20021 20021August I 2002.081 25.325251 -80.3307110:191 0.351 30.31 321'- 0.79451 · 0.0273121 o.091774r----o.004o391 ol -0.6697689261 
12 I 8/14/20021 20021August I 2002.081 25.297671 -80.3599110:281 1.601 30:4[____ 281 0.3019231 ol 0.0217951 o.0038HI_____ ol 0.5435941251 
fr::::±B/1412002 2002August 2002.08 25.266 ---..oo-:-3773 10:39 0.55 30.3 26 0.397584 0.005712 0.037369 0.003628 o -0.105918473 
~811412002 2002August · 2002.08 25.23017 -80.3891 10:49 0.70 30.3 24 1.033107 0.031124 0.11971 0.003864 -·-----of----- -0.3620111?~ 
1_5 i 8/1412002 2002August __ . 2002.oa 25:24467 -80.4148 10:58 1.60 30.6 22 0.944369 0.006328 0.02687 a.~ .. 0.571475 -0.07140008 
16 8114/2002 2002August 2002.01l 25.41667 -80:3111 11:44 3.70 30.7 30 0.369224 0 0.027087 0.002831 0.004928 0.100461183 
17 8/1412002 2002 August ·2002.08 25.47042 -80.3267 1~ .... ~ .. 30.6 21 0.801777 0.019638 0.069258 0.002917 0.015254 ___ -0.213155~ 
18 8/14/~f--2002August ~,08 25.48983 -80.3304 12:07 1.10_. 31 19 _Q.612176 0.0073.13 0.060602 _____ 0.001778 0.00966 . ___ -0.4278250_W 
19 8/14/2002 2002August 2002.08 25.51883 -80.32 12:17 1.60 31.2 18 0.77855 0 0.056656 0.001203 0.015172 0.0059594761 
20 I 8/14/20021 20021August I 2002.081 25.527171 -80.3038112:291 2.101 30.61 201 0.4453341 ol 0.0284161 0.0037841 0.027831 -0.477740131 
21 I 8114120021 20021August I 2002.081 25.610671 -80.300:21 f2:501 1.901 30.71 251 0.8076051 0.0062971 0.0472921 0.0129161 0.0191921 - ~0.548421385 
22 I 8/14120021 20021August I 2002.081 25.654831 -80.265113:051 1.301 30.81 26] 0.4959241 o:(j(j(j(j9! cf0274051 0.0112151 0.0240531 0.13735449' 
23 I 8/14/20021 20021August I 2002.08] 25.700331-- :oo.2427l13:18l 1.701 30.71 271 1.3748961 0.0199891 0.0504081 0.0283341 0.4096881 -0.653981763 
24 8/14/2002 2002August 2002.08 25.70733 .. ---.:00:2013 13:31 1.80 30.2 31 0.733375 0.032524 0.082595 000494 0 -0.091985683 
25 8/14/2002 2002August 2002.08 25.60625-· -80.2318 14:37 3.10 30.5 .. 3s~. 0.297087 0.000024 0019().1_7 _ __(l_Q(i2"f?4;::·----- 0 -0.706218_~1 
26. f-cB/1~2 2002August . 2002.08 . 25.55167 . -80.2398 14:48 5.00 30.3 36 0.283457 0.003353 0.019883 0002548 _ _gr-- -0.1472~1 
27 8/14/2002 2002August 2002.08 25.49483 -80.2784 15:04 3.40 30.6 32 0.398722 0.009132 0.032776 0.001183 u -0.154806846 
'~-~1:~~~~~~~~~t-~5lm~~~~i!l~i1~~'-lt't;:~~~~~:~:~~·,;"1~@Jt•#ll~~t,:5:i~a~~:;;:}:-~~~;:_,J~~~lt~2-1i~~~~.~~~~~·~~/~tl~~~i~~~~~~2f~•~·~~ ,~ , ·-~·-1 

Brand Biscayne Bay Data 5of7 



Table 1 

,%-r:;s··,,;,,,::,r::, ?i~}~i~f!~t::r!tt~£('Z~i:,_,z~,~·~-:.~"~: :=, ~~~-,:~::-:,: ~,'I:f:>'-, -. ",_, 
2002 September 2002,09 -80,3188 9:00 0,45 28,9 34 Q,321264ii--___--Oo--,000=1..,06.;3--~~~~-~~~3--~~ 
2002 September 2002,09 -80,306 9:05 0,95- 29 33 0,297413 0 

-2002 Se tember 2002,09 ~~--~-~80,2796 9:20 1.00 -29,1 32 0,269366 0,004137 
2002 Se tember 2002,09 -80,2447 9:35 120 292 33 0,208019 0,006146 
2002 September 2002,09 -80,2075 2.10 28,7 34 0.238481 0.000151 
2002 September 2002.09 -80.1788 1.70 29.3 34 0.239068 0.000156 
2002 September 2002.09 -80.2402 3.70 28.9 35 0.226039 0.000202 
2002 September 2002.09 -80.2775 10:30 0.65 29.3 31 0.346256 0.004847 

~--+-;::;.=.;~~-;2002~±S~e-rP:::Ie::::m~b:::e,__r 1-----2002.09 -80.2988 10:40 0.55 29.4 27 0.402032 0.010676-
2002 September 2002.09 -80.3307 0.65 29.2 25 0.568088 0.013136 
2002 Se tember 2002.09 --- ~-:80.3599 11:05 2.76 --29.4 24 0.471223 o 
2002 September 2002.09 ---80.3773 11:20 0.45 29.6 22 0.436177 0.000056 

-+~~~~--:-2002~- September -~-2002.09 ~----~-80.3891 11 :25+- -~(5o- 29.4 _14 1.290676 0.0607 47 
2002Seplember 2002.09 -80.4148; 11:40 1.60 29.6 18 1,313564 0.0142821 
2002 September 2002.09 -80.3111 12:25 2.10 30.1 33 0.305267 0.005035 
2002 September 2002.09 -80,3267 12:40 1.10 30 34 0.355501 0.000082 
2002 September 2002.09 -80.3304 12:50 0.80 29.7 27 1.018649 o 
2002 September 2002.09 -80.32 13:00 2.90 30 16 0.569291 0.006975 

=~1--'2002~-~:septembe-r ~ --2002.09 ---~- "'~-~---~80.3038 13:05 ·o.86 ·30.1 23 o.5ff475 o.ooof14 
+-~~~~200~2±september --~2oo2.09 -80.3002 13:30 o.55 3o.3 17 11674425 0.00022 
+-~~~~2002~ s8Piemb9r 2002.09 --.:S0.265 1.3o 30.3 21 0.5801 o.o26303 

2002 Se !ember 2002.09 -80.2427 12:00 ---C"30 29.9 --22 1.544405 0.020546 
F-'---+-;::;.=~~~2002:September 2002.09 -80.2013 12:15 ---120 29.7 -26 0.572741 0.000148 

1012112002 2002 October 2002.10 25.46308 -80.3188 0.00 26.9 26 0.292592 0.013766 0.036998 0.001745 0 -0.844892073 
1012112002 2002 October 2002.10 25.45283 -80.306 0.00 27 29 0.329891 0.009078 0.035307 0.001346 0.00193 -0.853253284 
1012112002 2002 October 2002.10 25.43083 -80.2796 8:40 0.00 27 32 0.307469 0.003842 0.019591 0.004474 0.013132 -0.749757346' 

4 1012112002 2002 October 2002.10 25.407 -80.2447 8:50 0.00 27.2 35 0.34292 0.000219 0.022405 0.004977 0.001935 -0.903941829 
5 10/2112002 2002 October 2002.10 25.38383 -80.2075 9:00 0.20 27.1 34 0.285079 0.003341 0.016258 0 004362 0 0.214227532 -s--- 16f21/2002-2oo2october -2Q02"10~_-~~25.38083 -80.17~~~f--QOO 27.7 , 34 0.347376 0.000114 0,2_~~47 0053145~~ 0 __ :Q::.976516798 
8 __ 1_Qi~_J2002 2002 October 2002.10 25,~-~- -!l().2402 ~9~~() _()_.QO 27.3 34 0.282195 _ 0.002315 0.0__!_8!9§~f_()?~~ ___ o-· -_Q1_~368?~ 
~_10/2112002 20020ctober 2_~1_0 _ _?_5.34983 -80.2Z~f~ 0,40 27.1 34 0.346804 _ 0.003835-----o.:~4 0.004628 0.193622 :()£47576621 
10 1012112002 20020ctober ~-1_()~~35058 -80.2988 9:40 0.00, 27 33 1.311161 -~_()-'--~ ()_.177726 0.015761

1 
0.001735 0.503636993 

11 1012112002 2002 October 2002.10 25.32525 -80.3307 9:50 0.00 27.3 33 0.607115 0.006051-0.057994 0.008584 0.001307 0.00727922 
12 1012112002 2002 October 21Xi2.10 25.29767 -00.3599 10:00 0.05 27 29 0.51572 - 0 0.052397 o.oo4026 o -0.549517179 
13 1012112002 2002 October 2002.10 25.266 -80.3773 10:05 0.00 26.9 28 0.527706 0.006315 0.048861 0.004666 0.002566 0.384792138 
14 1012112002 2002 October 2002.10 25.23017 -80.3891 10:15 0.35 26.9 27 2.040077 0.091741 0.279945 0.003035 0.003562 . -0.090833159 
15 1012112002 2002 October 2002.10 25.24467 -80.4148 10:25 0.10 26.9 23 1.666191 0.027588 0.071266 0.004331 0.351642 -0.284477149 
,16 10/2112002 20020ctober 2002.10 25.41667 -80.3111 11:05 0.50 27.1 --~--30___(),~~7 0.005042 0.046675 O.Q02743 _ 0.0011 _ 0.295498084 
'17 10/2112002 2002 October 2002.10 25.47042 -80.3267 0.00 26.8 24 0.57874 0.020774 0.063446 O.o65992,--o:oo8128., ---0:724369748 
18 1012112002 2002 October 2002.10 25,48983 -80.3304 0.10 26.7 18 0.854037 0.011206 0.091478 --0:007466 0.026916 -0.804295407 
~- 10/2112002 2002 October 2002.10 25.51883 -89._~ __ , _ 0.00 26.6 16 1.094988 0.00852 _().095556 0.005161 0.014025 -0.6854743721 
20 1012112002 2002 October 2002.10 __ 25.52717 -80.J!!~ _____ 0.00 0.454147 _0 0.044469 0.003906 __ 0 -0.3157836921 
21 ___ 1__()__f?1120()2 _ 2002 October ~c~ __ 25.61067 -80.3002 0.00 0.708089 ___() -~O_,_()I_4022 ~!!_~ 0.00716 ____ :(),84¥431_()_1 
"22"'~ 1012112002 -2oo2 October 2002.10 25.65483 -80.265 0.00 0.918368 0.102669 -~ 0.053763 -~ 0.03401 0.04097 0.256220578 
23 1012112002 2002 October 2002.10 25.70033 -80.2427 0.00 0.725855 0.059076 0.083551 0.02818 0.025764 -0.229644495 
24 1012112002 2002 October 2002.10 25.70733 -80.2013 0.00 0.657558 0.006717 0.054936 0,027758 0.033198 -0.037490811 
25 1012112002 2002 October 2002.10 25.60625 -80.2318 0.00 0.31545 0.000109 0.022173 0.004572 0 -OA 
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Figure 1. Location of sampling stations 1-27 in south Biscayne Bay, 
canals, and canal flow structures. 
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Figure 2. Average monthly rainfall at Sl23 near the mouth of Cutler 
Canal. 
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Figure 3. Average salinity in south Biscayne Bay (averaged over entire 
sampling period, October 2001-November 2002). 





Figure 4. Average chlorophyll a in south Biscayne Bay (averaged over 
entire sampling period, October 2001-November 2002). 
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Figure 5. Overall relationship between phytoplankton abundance (as 
chlorophyll a) and salinity in south Biscayne Bay. 
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Figure 6. Time course of water flow through the Aerojet Canal (C111) at 
the 8197 structure, and salinity and phytoplankton abundance as 
chlorophyll a at station 15 near the mouth of the Aerojet Canal. Note 
that the salinity scale is reversed. 
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Figure 7. Time course of water flow through the Mowry Canal (Cl03) at the 
S20F structure, and salinity and phytoplankton abundance as chlorophyll a 
at station 17 near the mouth of the Mowry Canal. Note that the salinity 
scale is reversed. 
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Figure 8. Time course of water flow through the Military Canal at the 
S20G structure, and salinity and phytoplankton abundance as chlorophyll a 
at station 18 near the mouth of the Military Canal. Note that the 
salinity scale is reversed. 
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Figure 9. Time course of water flow through the Princeton Canal (C102) at 
the S21A structure, and salinity and phytoplankton abundance as 
chlorophyll a at station 19 near the mouth of the Princeton Canal. Note 
that the salinity scale is reversed. 
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Figure 10. Time course of water flow through the Black Creek Canal (Cl) 
at the S21 structure, and salinity and phytoplankton abundance as 
chlorophyll a at station 20 near the mouth of the Black Creek Canal. Note 
that the salinity scale is reversed. 
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Figure 11; Time course of water flow through the Cutler Canal (ClOO) at 
the 8123 structure, and salinity and phytoplankton abundance as 
chlorophyll a at station 21 near the mouth of the Cutler Canal. Note that 
the salinity scale is reversed. 
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Figure 12. Time course of water flow through the Snapper Creek Canal (C2) 
at the S22 structure, and salinity and phytoplankton abundance as 
chlorophyll a at station 22 near the mouth of the Snapper Creek Canal. 
Note that the salinity scale is reversed. 
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Figure 13. Time course of water flow through the Coral Gables Canal (C3) 
at the G93 structure, and salinity and phytoplankton abundance as 
chlorophyll a at station 23 near the mouth of the Coral Gables Canal. 
Note that the salinity scale is reversed. 
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Figure 14. Average chlorophyll c/ chlorophyll a ratio in south Biscayne 
Bay (averaged over entire sampling period, October 2001-November 2002). 
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Figure 15. Overall relationship between chlorophyll c and phytoplankton 
abundance (as chlorophyll a) in south Biscayne Bay. 
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Figure 16. Overall relationship between chlorophyll c/ chlorophyll a 
ratio and phytoplankton abundance (as chlorophyll a) in south Biscayne 
Bay. 
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Figure 17. Overall relationship between chlorophyll c/ chlorophyll a 
ratio and salinity in south Biscayne Bay. 
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Figure 18. Time course of chlorophyll c/ chlorophyll a ratio at station 
15 near mouth of Aerojet Canal. 
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Figure 19. Time course of average chlorophyll c/ chlorophyll a ratio at 
stations 13 and 14 in Barnes Sound. 
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Figure 20. Time course of average chlorophyll c/ chlorophyll a ratio at 
stations 10, 11, and 12 in Card Sound. 
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Figure 21. Time course of average chlorophyll c/ chlorophyll a ratio at 
stations 17, 18, 19, and 20 near the mouths of Mowry, Military, Princeton 
and Black Creek Canals. 
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Figure 22. Time course of average chlorophyll c/ chlorophyll a ratio at 
stations 21, 22, and 23 near the mouths of Cutler, Snapper Creek, and 
Coral Gables Canals. 
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Figure 23. Time course of chlorophyll c/ chlorophyll a ratio at station 
24 near Key Biscayne. 
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Figure 24. Time course of average chlorophyll c/ chlorophyll a ratio at 
stations 25, 26, and 27 in central south Biscayne Bay. 
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Figure 25. Time course of average chlorophyll c/ chlorophyll a ratio at 
stations 5, 6, and 8 offshore east of Elliot Key and Key Largo. 
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Figure 26. Average chlorophyll b/ chlorophyll a ratio in south Biscayne 
Bay (averaged over entire sampling period, October 2001-November 2002) . 
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Figure 27. Overall relationship between chlorophyll b/ chlorophyll a 
ratio and phytoplankton abundance (as chlorophyll a) in south Biscayne 
Bay. 
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Figure 28. Overall relationship between chlorophyll b/ chlorophyll a 
ratio and salinity in south Biscayne Bay. 
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Figure 29. Time course of chlorophyll b/ chlorophyll a ratio at station 
15 near mouth of Aerojet Canal. 
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Figure 30. Time course of average chlorophyll b/ chlorophyll a ratio at 
stations 13 and 14 in Barnes Sound. 
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Figure 31. Time course of average chlorophyll b/ chlorophyll a ratio at 
stations 10, 11, and 12 in Card Sound. 
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Figure 32. Time course of average chlorophyll b/ chlorophyll a ratio at 
stations 17, 18, 19, and 20 near the mouths of Mowry, Military, Princeton 
and Black Creek Canals. 
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Figure 33. Time course of average chlorophyll b/ chlorophyll a ratio at 
stations 21, 22, and 23 near the mouths of Cutler, Snapper Creek, and 
Coral Gables Canals. 
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Figure 34. Time course of chlorophyll b/ chlorophyll a ratio at station 
24 near Key Biscayne. 
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Figure 35. Time course of average chlorophyll b/ chlorophyll a ratio at 
stations 25, 26, and 27 in central south Biscayne Bay. 
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Figure 36. Time course of average chlorophyll b/ chlorophyll a ratio at 
stations 5, 6, and 8 offshore east of Elliot Key and Key Largo. 
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Figure 37. Average phycocyanin/ chlorophyll a ratio in south Biscayne Bay 
(averaged over entire sampling period, October 2001-November 2002). 
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Figure 38. Overall relationship between phycocyanin/ chlorophyll a ratio 
and phytoplankton abundance (as chlorophyll a) in south Biscayne Bay. 
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Figure 39. Overall relationship between phycocyanin/ chlorophyll a ratio 
and salinity in south Biscayne Bay. 
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Figure 40. Time course of phycocyanin/ chlorophyll a ratio at station 15 
near mouth of Aerojet Canal. 
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Figure 41. Time course of average phycocyanin/ chlorophyll a ratio at 
stations 13 and 14 in Barnes Sound. 
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Figure 42. Time course of average phycocyanin/ chlorophyll a ratio at 
stations 10, 11, and 12 in Card Sound. 
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Figure 43. Time course of average phycocyanin/ chlorophyll a ratio at 
stations 17, 18, 19, and 20 near the mouths of Mowry, Military, Princeton 
and Black Creek Canals, 
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Figure 44. Time course of average phycocyanin/ chlorophyll a ratio at 
stations 21, 22, and 23 near the mouths of Cutler, Snapper Creek, and 
Coral Gables Canals. 
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Figure 45. Time course of phycocyanin/ chlorophyll a ratio at station 24 
near Key Biscayne. 
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Figure 46. Time course of average phycocyanin/ chlorophyll a ratio at 
stations 25, 26, and 27 in central south Biscayne Bay. 
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Figure 47. Time course of average phycocyanin/ chlorophyll a ratio at 
stations 5, 6, and 8 offshore east of Elliot Key and Key Largo. 
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Figure 48. Average phycoerythrin/ chlorophyll a ratio in south Biscayne 
Bay (averaged over entire sampling period, October 2001-November 2002). 
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Figure 49. Overall relationship between phycoerythrin/ chlorophyll a 
ratio and phytoplankton abundance (as chlorophyll a) in south Biscayne 
Bay. 
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Figure 50. Overall relationship between phycoerythrin/ chlorophyll a 
ratio and salinity in south Biscayne Bay. 
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Figure 51. Time course of phycoerythrin/ chlorophyll a ratio at station 
15 near mouth of Aerojet Canal. 
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Figure 52. Time course of average phycoerythrin/ chlorophyll a ratio at 
stations 13 and 14 in Barnes Sound. 
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Figure 53. Time course of average phycoerythrin/ chlorophyll a ratio at 
stations 10, 11, and 12 in Card Sound. 
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Figure 54. Time course of average phycoerythrin/ chlorophyll a ratio at 
stations 17, 18, 19, and 20 near the mouths of Mowry, Military, Princeton 
and Black Creek Canals. 
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Figure 55. Time course of average phycoerythrin/ chlorophyll a ratio at 
stations 21, 22, and 23 near the mouths of Cutler, Snapper Creek, and 
Coral Gables Canals. 
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Figure 56. Time course of phycoerythrin/ chlorophyll a ratio at station 
24 near Key Biscayne. 
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Figure 57. Time course of average phycoerythrin/ chlorophyll a ratio at 
stations 25, 26, and 27 in central south Biscayne Bay. 
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Figure 58. Time course of average phycoerythrin/ chlorophyll a ratio at 
stations 5, 6, and 8 offshore east of Elliot Key and Key Largo. 
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Figure 59. Index of nutrient bioassays in south Biscayne Bay (averaged 
over entire sampling period, October 2001-November 2002) . A positive 
index (red) indicates nitrogen limitation and a negative index (blue) 
indicates phosphorus limitation. 
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