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ABSTRACT

Phytoplankton and periphyton community structure and dynamics were
studied in three freshwater wetlands Tocated in the Kissimmee River
Valley, Florida. Generic composition and biomass of the algail communi-
ties, as well as associated water chemistry were measured. Two areas re-
ceived runoff from pastures used for beef cattle production, while the
third area was unaltered. As a percentage of the total algal population,
Cyanophyta dominated all three systems, while Chlorophyta were secondary
in abundance. This suggests that nutrient enrichment may have Tittle
effect upon the percent composition of algae in subtropical wetlands.

One area received heavy nutrient Joading, At this Tocation, significantly
higher phytoplankton and periphyton biomass levels were found below the
site of nutrient input than above the site. Wetland nutrient uptake
capabilities were studied in an area where flow characteristics were
artificially altered to allow greater retention volume and increased de-
tention time. Although nutrient Jevels and biomass quantities were lower
Teaving the wetland after inundation than before inundation, the changes
were not statistically significant at the 95% C.L.
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INTRODUCTION

South Florida has a long history of water management problems. Two
major floods from hurricanes in 1947 and 1948 prompted federal and state
governments to embark on a plan in which channelization was used to facili-
tate land drainage (McCaffrey, 1977). Recently, environmental concerns of
degraded water quaiity due to rapid runoff from land used extensively for
beef cattle production have dictated another change in management policies.
The Kissimmee Coordinating Council on the Restoration of the Kissimmee
River Valley and Taylor Creek-Nubbin Slough Basin was formed to study pro-
blem areas and recommend appropriate action. Details of the overall pro-
ject may be found in the project description by McCaffrey et al. (1978).
One of the Kissimmee Coordinating Council's goals is the development of
an Upland Detention/Retention Demonstration Project where runoff is routed
through natural or man-made wetlands to assess the nutrient uptake capa-
bilities of wetlands. The Biological Section of the Department of Environ-
mental Regulation was contracted to collect and analyze information on the
algal communities at three of the Council’'s demonstration sites: Armstrong
STough, Ash Slough, and Pitmans Bay.

The primary goal of the jnitial part of this study was a baseline
characterization of the algal communities at two shaliow subtropical wet-
lands (Armstrong and Ash Sloughs) that receive nutrient input from agri-
cultural Jands. Unlike the algal communities of temperate freshwater
wetlands, which have been well described (e.qg., Lund, 1965, Hutchinson,
1975; Wetzel, 1975), investigations of the algal communities in shallow
(< 2 m deep) subtropical systems have been limited. Community composition
and associated biomass levels in temperate wetlands can vary dramatically
as a result of extreme changes in physico-chemical parameters such as
Tight, temperature, nutrients, etc., on an annual basis (McCombie, 1953;
Moss, 1973; Wetzel, 1975). Florida's climate, however, is fairly constant,
and algal assemblages are relatively stable, reflecting the reduced
seasonal extremes (Lackey and Lackey, 1967; Brezonik et al., 1978;
Biedermann, 1980). Also, much of Florida's agricultural land supports
beef cattle production which frequently contributes substantial nutrient
loads to aquatic systems. Increased nutrient loading may stimulate over-
all algal growth and shift community composition so that taxa adapted to
nutrient rich water become dominant. Preliminary data from the initial
portion of this study were presented in two annual reports (Biedermann
et al., 1979; Thompson et al., 1980).

For the later part of the study, we evaluated the capabilities of
a wetland to remove nutrients from agricultural runoff. Flow character-
istics were altered at Armstrong Slough which allowed greater detention
and retention of the water moving through this system, Resulting changes
in nutrient concentrations and algal communities at the sites are pre-
sented in this report.

Alterations in the structure and relative abundance of various ele-
ments of the algal community are among the first symptoms of change in an
aquatic habitat (Vollenweider, 1974; Spondniewska, 1978). Therefore, the
monitoring of such changes in the phytoplankton and periphyton of the de-
tention/retention sites is a useful tool in evaluating the biological



impact of nutrient retention. Since taxonomic composition of algal com-
munities is related to a community's population dynamics, as manifested
by pigment concentrations and changes in organic material (McIntire,
1968}, the following objectives were established for this study:

1) Characterization of planktonic algae communities by determination
of;

a) Proportional distribution of phytoplankton genera;

b} The biomass* distribution of phytoplankton communities with
respect to phytosynthetic pigments, ash free dry weights,
and total numbers of organisms;

¢c) Primary productivity.

2} Characterization of periphytic algal communities by determina-
tion of;

a) The proportional distribution of periphyton genera;

b} The biomass distribution as measured by photosynthetic pig-
ments, ash free dry weights, and the total number of attached
algal organisms; and

c) Primary productivity.

3) Evaluation of the total community metabolism by monitoring diel
variations in free water oxygen.

4) Determination of macronutrients and other water quality para-
meters.

*Note - Biomass is used in reference to phaeopigment correlated chioro-
phyl1-a and ash free dry weight. These are not true mass
measurements but rather are indices of biomass (EPA, 1973;
Vollenweider, 1974; Wetzel, 1975). Additionally, number of algal
organisms is used as a general estimator of biomass, to be used
as a range finder for comparisons between stations and sites.



SITE DESCRIPTIGCNS AND STATION LOCATIQNS

The Armstrong Slough site is Tocated on the Latt Maxcy Ranch in
Osceola County, just east of the Kissimmee River at the S$-65A control
structure. This site comprises approximately 120 acres of former tribu~-
tary flood plain which receives runoff from an approximately 100,000
acre watershed. The site was channelized until April, 1980, when work
was completed ¢n a levee and channel plug. The water level was then
raised and flow was diverted out of the channel. This re-inundated
slough was used to evaluate the potential for the removal of nonpoint
source nutrient input. Five sample stations, described in Table 1, were
established {Figures 1 and 2). Two stations {M-6 and M-7} were moved due
south, into the marsh, when the channel plug was installed.

The Ash Slough site is located on the J.C. Bass Ranch in Okeechobee
County, 4 miles north of Basinger. Ash Slough drains through Chandler
STough to the Kissimmee River. It is composed of approximately 15 acres
of Pontederia and Panicum marsh. This system receives runoff from 240
acres of ditched, improved pasture that was once a vegetable field but is
now used for beef cattle production. This site was used to ascertain the
effect of cattle production on a natural marsh system. Four stations
were established (Figures 1 and 3), and are described in Table 2.

The Pitmans Bay site is located on the Lykes Brothers Ranch in High-
lands County, at the headwaters of Wildcat Slough. This site consists of
approximately 320 acres of natural marsh which is composed of Pontederia
and Panicum communities with a small bay or "forest" of Sweet Bay and Red
Bay trees. There is no channelization or cattle production at or near
this site. For this study, Pitmans Bay was considered a natural wetland
and was used for comparison with the other systems. Two sampling stations
were established in the marsh (Figures 1 and 4} and are described in Table
3.
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Armstrong
Slough o
Ne-38
Ash
STough
s ()
Pitmans
i Chandler
\ Bay N O S~ Slough
Wildcat
o« STough

Lake
Okeechobee

Fig. 1. Armstrong Slough, Ash STough, and Pitmans Bay Site Location Map




Fig. 2.

ARMSTRONG SLOUGH

Levee = Flow
Culvert B Flume
Station

Armstronyg STough Site Map

6




a3
o
=
o)
—l
wy
=X
v
=

Drajnage Ditch

A,

Ash Slough Site Map

Fig. 3.



‘potsad But)dwes ay3 Hutsnp 9ouo 3se3| 10 Aup A}9131dwiod SusMm SUOLIRLS |V

"Ae3|2 S|
Jo1eM BY| 'paA4as
-QO SBM MOL4 ON

"AB3{D S
J91BM BY]  ‘PIALDS
-Q0 SBM MO[4 ON

'pLguny] pue pIuLels
ULuUR} SL J3%EM 3y}
‘poLaad Buiidwes
8yl buLanp paAJas
-q0 Sem MO|J} O

*pLQJn3 pue paulels
uLuue) SL Jajem
*ajoy buguaajem
e se 331322 Ag
pasn A{jusaedde
SL BaJR SLYy]
"MOLJ 81qRAJISGO ON

oyl

‘wnuobAogd pue
‘paooeqg “‘vLJapsl
-U0d *Sop LOYAWAN
40 yimoub asusg

“wnuoh

-K1o4 pue edodeg
- JREVERULN

10 ygmoub asuag

"R LABPIIUOY
_ pue WNUOBA|0d

30 Y3modb asuaq

-‘untobA {04 pue

RLAIPIIUGG Csnounp
10 ymoub Ayoqey

*SNILJA3Sp
otuebuo Bupfasao syueid
Jrjenbe pasasws Jo e

*snitaiap otueb
-0 BurAasao syued
atjenbe pasaawe Jo ey

‘pues pajoed pdey bDulk|
-A3A0 ¥ONW PIIERPL|OS
-uodun 4O J43ABL Y2LYL

“yonu
palepLiosuodun NoLy1

w g - 9y
w g - 0ot
ws g - 09
U o - Iv

‘ad38uwi4ad u4dYINOS
$11 10 ySJdet uf

*3oUBN | LUod
yoyip =beutedp 03
jusoelpe ysdew uj

"LLe43N0
93 Jdeau {sJew uj

“LLesane
ysJaeu Burgsixa ayl
10 y340u 10od e ujg

-4

STUILWOY

satAydoudey
osr3enby Joley

$211514830R40Y7) WOYL0g

ydag 493eMy

Uo13ed07

J4aquny
uo1303S

"834S YBNOLS ysy - uoLIdLadSag UoLIRIS

"¢ 9lqel



PITMANS BAY
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Fig. 4. Pitmans Bay Site Map
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METHODS

Phytoplankton and periphyton samples were coilected every other
month at Armstrong Slough and Ash Slough from August 1978, to June, 1979,
in the first year of study. An identical sampling regime, with the
addition of primary productivity experiments and water chemistry collec-
tions was instituted for the period from August, 1979 to June, 1981.

In August, 1980, and December, 1980, the third site, Pitmans Bay, was
sampled in place of Ash Slough.

A.  Phytoplankton

Vertical composite samples of the water column were used for phytop-
lankton identification, proportional counts, ash free dry weights, and
pigment concentration determinations. Samples for generic identification,
proportional counts, and ash free dry weights were preserved in the field
with neutralized formalin (EPA, 1973; APHA, 1976). Generic identifica-
tion followed Smith (1950} and Prescott (1962, 1970). Ash free dry
weight was determined by filtering the samples through pre-ashed 0.45 mi-
cron glass fiber filters {(Whatman GFAK). %he filters were oven dried at
105°9C, weighed, ignited at 500°C in a muffle furnace, and reweighed
(EPA, 1973; APHA, 1976).

Phytoplankton samples for pigment analysis (chlorophyll-a and phaeo-
phytin) were filtered through 0.45 micron giass fiber filters (Whatman
GFC"), air dried, and stored on ice in an opaque desiccator within six
hours of collection. Within thirty hours of collection, the filters were
macerated with a fluted tefjon tissue arinder and extracted in 90%
aqueous acetone—magnesiumcarbonat% mixture for 18 to 24 hours. Optical
density was measured on a Colemen™ Model 124 double beam spectrophoto-
meter. Phaeophytin corrected chlorophyll-a values were calculated ac-
cording to the monochromatic equation of Strickland and Parsons (1972).

Primary productivity was determined at stations B1, B2, M5, M6, and
P10 using the light-dark bottle oxygen method (Volienweider, 1974; APHA,
1976). The dissolved oxygen concentrations were determined using the
azide modification of the Winkler method., A surface sample was siphoned
into two sets of 300 ml BOD bottles, each set consisting of an initial
bottie, a Tight bottle, and a dark bottle. Initial bottles were immedi~
ately fixed while the Tight and dark bottles were incubated for approxi-
mately 2.5 hours at a depth of 15 centimeters before fixing. Incubation
typically occurred during the hours of most intense suniight. Differ-
ences in oxygen concentrations between 1light and dark bottles were de-
termined and converted to mg carbon fixed/m®/hour (APHA, 1976).

B. Periphyton

Samples of attached algal communities were collected on macrophytes
for qualitative analysis and on artificial substrates for qualitative
and gquantitative analysis. Epiphytic algae were obtained in April, 1979,
from scraped areas of the dominant macrophytes at Armstrong and Ash
Sloughs. Artificial substrates consisted of standard glass microscope
s1ides (25 mm x 75 mm) placed vertically in stainjess steel racks. The

11



slides were qincubated in situ for 14 days (S1édegek and S]édexkova, 1964 ;
EPA, 1973). The slides were suspended at depths of 15 cm and 31 cm (re—
ferred to as "top" and "bottom", respectively) by anchored floats at the
Armstrong site. Artificial substrates were placed at 15cm only, at Ash
Slough and Pitmans Bay.

Qualitative analyses of diatoms were made from Armstrong and Ash
Sloughs' periphyton samples during the period from August, 1978, to June,
1979. For this procedure, centrifuge-concentrated sampies were placed
on a heated cover slip with 50% hydrogen peroxide to drive off organic
matter. Once dry and cooied, the cover slip was attached with heated
mounting media {Hyrax) to a microscope slide. Diatoms were identified
at 1000X using Patrick and Reimer (1966) and Weber (1971) as taxonomic
references,

Generic identification, proportional counts, and pigment determina-
tions were performed as described above for phytoplankton. Ash free dry
weight {organic weight) was determined by scraping the wet incubated
microscope stides directly into large tared crucibles which were sub-
sequently oven dried and ashed.

Periphyton primary productivity was determined by the use of the
following method: Pairs of replicate Tight and dark 250 ml Evlenmyer
flasks were filied with surface water for which the dissolved oxygen con-
centration had been determined. A slide with a two-week growth of peri-
phyton was placed in each stoppered fiask, then incubated for approxi-
mately 2.5 hours at a depth of 15 centimeters between 10:00 am and 2:00
pm. Following the method described in Czaplewski and Parker (1973),
initial and final dissclved oxygen concentrations were obtained using a
dissolved oxygen meter (Y.5.1. Model 5418) with a self- st1rr1ng BOD probe.
After correcting for phytoplankton production, differences in dissolved
oxygen concentrations were converted to mg C fixed/m?/hr.

C. Algal Assaye

Samples for limiting nutrient assays were collected in October, 1980,
December, 1980, and February, 1981, from Armstrong and Ash Stoughs. The
Timiting nutrient tests followed procedures outlined in Miller et al.
(1978) using Selenastrum capricornutum as the test aiga.

D. Community Metabolism

Gross community photosynthesis and community respiration was ob-
tained by monitoring the diel change in free water oxygen (Odum and
Hoskin, 1958). Replicate samples from five stations (B-1, B-2, M-5,
M-6, and P-10} were taken every two hours and siphoned 1nt0 300 m1 BGD
botties. Dissolved oxygen concentrations were then determined using the
azide modification of the Winkler method (APHA, 1976).

E. Water Chemistry

Samples for chemical analysis were collected twice each sampling
month. Water samples were iced and kept in the dark until analyzed.

12



Chemical parameters analyzed were inorganic nitrogen, organic nitrogen,
total nitrogen, ortho-phosphorus, total phosphorus, total organic carbon,
pH, turbidity, and color. Methods for these tests were outlined in
Standard Methods for the Examination of Water and Wastewater (APHA, 1976)
and Methods for Chemical Analysis of Water and Wastes (EPA, 1979).
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RESULTS AND DISCUSSION

Phytoplankton

A, Generic Characterization

A complete list of the phytoplankton genera identified at the Arm-
strong Slough, Ash Slough and Pitmans Bay areas is presented in the Appen-
dix (Table A-1). A total of 102 genera were identified. Seventy genera
were found at the Armstrong site, including 14 Cyanophyta; 33 Chlorophyta;
19 Chrysophyta (15 were Bacillariophyta - 2 Centrales and 13 Pennales);

3 Euglenophyta; and 1 Pyrrhophyta.

The Ash Slough site yielded 87 genera, mostly the same as those found
at Armstrong Slough, including 14 Cyanophyta; 41 Chlorophyta; 22 Chryso-
phyta (16 were Bacillariophyta - 2 Centrales and 14 Pennales); 1 Crypto-
phyta; 4 Euglenophyta; and 3 Pyrrhophyta. Although Pitmans Bay was sampied
only twice, 56 genera were identified. By division, the algae from this
site consisted of 13 Cyanophyta; 29 Chlorophyta; 7 Chrysophyta (of which
4 were pennate and 3 were centric diatoms); 1 Cryptophyta; 3 Euglenophyta;
and 3 Pyrrhophyta. Except for 6 genera, all were also found at Armstrong
and Ash Sloughs.

Proportional counts indicated that the blue-green algae Microcystis,
Chroococcus, Lyngbya, and Gloeothece, and the green algae Gloeocystis and
Oocystis were numerically dominant at all three sites. In their evalua-
tion of algae in Florida freshwater systems, Lackey and Lackey (1967) con-
cluded that these and other taxa alsc identified in this study (such as
the blue-green genus Anabaena and the green genera Spirogyra, Mougeotia,
Qedogonium, Zygnema, Ietraedron and Scenedesmus were indicative of nutri-
ent enrichment.

The relative abundance of the major taxonomic groups of phytoplankton,
expressed as percent composition, is shown in Figure 5 for Armstrong Slough,
Figure & for Ash STough, and Figure 7 for Pitmans Bay. . A1l three sites were
clearly dominated by cyanophycean genera, which consistently made up 50-90%
of the populations at Armstrong and Ash Sloughs, and 70-85% at Pitmans Bay.
Chlorophycean genera comprised most of the remainder of the three communi-
ties. Although blue-green genera dominated with respect to the number of
algal units per miliiliter, the green algae generaliy exhibited more diver-
sity. Dominance of cyanophyte genera has also been noted in other Florida
freshwater systems by Lackey and Lackey (1967), Putnam et al. {1972), and
Brezonik et al. {1978}. There were no upstream-downstream differences noted
in the phytoplankton percent composition at any of our study areas.

Although small fluctuations in generic composition occurred from month
to month, no well-defined seasonal trends were observed. This is consis-
tent with Wetzel (1975) and Brezonik et al. (1978), who found that the gen-
eric composition of algae in Florida lakes, coupled with the relatively
stable subtropical climate, prevents the occurrence of prolonged thermal
stratification common to temperate regions (Dye et al., 1980). Our data
suggest that these climatic and morphometric phenomena may also be respon-
sible for the general stability of the generic composition of the algal
populations of these three wetlands as well.
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B. Quantitative Characterization

Phytoplankton biomass expressed as phytoplankton proportional
counts, chlorophyll a, and sestonic organic weight is presented in
Figure 8 for Armstrong Slough, Ash Slough, and Pitmans Bay. At Armstrong
Slough, biomass values were stable and displayed no seasonal differences,
with highest values occurring the last year of study. Biomass values at
Ash Slough varied considerably between sampling periods, but not on a
seasonal basis. Though Pitmans Bay was sampled only twice, the phyto-
plankton values obtained from this site were very similar on both
occasions.

Lack of seasonal patterns with regard tc both generic composition
and phytoplankton biomas parameters suggests that phytoplankton com-
munities were responding to factors other than climate. Water level
fluctuation, nutrient concentrations, or biotic interactions may be re-
sponsible for such phytoplankton biomass changes in the wetlands.

Comparison of biomass values from the three areas indicates that
levels of phytoplankton biomass at Armstrong Slough and Pitmans Bay were
similar. T-tests showed, however, that Ash Slough had significantly
higher {P's<.05} phytoplankton counts, chlorophyl] a and sestonic organic
weight than did the other two wetlands. These higher values were likely
the result of the higher ambient nutrient concentrations detected at Ash
STough {Figure 8).

Phytoplankton biomass parameters at Armstrong Slough's most up-
stream station, M-8, are compared with the outfall station M-5, in Fig-
ure 9. Prior to plug installation, the statistical means for phyto-
plankton biomass indicators were slightly higher at M-5 than at M-8.

For example, pre-plug means for algal counts and chlorophyll a at M-8
were 180,000 cells/ml and 2.86 mg/m® respectively, while algal counts
and chlorophyll a values at M-5 were 208,000 cells/ml and 3.41 mg/m?,
respectively. Post-plug mean algal counts and chlorophyll a values for
M-8 were 268,660 ce11s/m1 and 9.5 mg/m® while those at M-5 were 256,617
cells/ml and 5.3 mg/m® respectively. Although the trend of effect1ve1y
decreasing phytoplankton biomass from input to outfall in the wetland
seems genuine, too few post-plug sampling points exist to obtain statis-
tical significance at the 95% confidence Tevel.

Shown in Figure 10 are comparisons of phytoplankton biomass para-
meters at Ash Slough station B-4, above the pasture outfall, and station
B-2, downstream of the pasture outfall. Means for phytoplankton algal
counts, chlorophyll a, and ash free dry weights were higher at B-2 than
at B-4, although not 51gn1f1cant1y (p>.05). The data suggest that the
higher biomass downstream of the pasture outfall may be the result of
the nutrient input associated with cattle grazing activity and run-off
from the improved pasture.

Phytoplankton gross primary productivity data for all three sites
are presented in Figure 11, Although Armstrong Slough displayed no
seasonal trends, the highest productivity values at Ash Slough were
found in October for two consecutive years., Whether this is a function
of seasonal climatic conditions or some other influence, such as
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fertilization schedules of the surrounding pastures, is unknown. Pro-
ductivity values at Armstrong Slough ranged from 15 mg C/m®/hour to 49

mg C/m3/hour, but were very similar from month to month. In contrast, Ash
STough's productivity exhibited more variability, ranging from 0.00 mg C/
m®/hour to 215 mg C/m®/hour. Productivity of all three sites was highest
at Pitmans Bay in August, 1980 (290 mg C/m*/hour), The lowest productivity
value noted at Pitmans Bay (75 mg C/m*/hour) was still higher than any
noted at Armstrong Slough. Additionally, producitivity at Ash Slough was
also higher than at Armstrong Slough on all but two occasions.

Periphyton
A. Generic Characterization

Due to their sedentary nature, periphyton, unlike phytoplankton, are
subject to additional environmental influences {Ruttner, 1968). Water
levels and movements can influence, considerably, colonization rates and
taxonomic composition of periphyton communities (McIntire, 1968, Hutchin-
son, 1975). Also, although they are usually dominated by diatoms, peri-
phyton communitigs are generally quite diverse, often containing hundreds
of taxa {S1&deckbva, 1962, Hutchinson, 1975).

A total of 137 different periphyton genera were identified at the
three areas. A summary of the numbers of genera jdentified is presented
in Table 4. A strong similarity in both kinds and numbers of taxa was
noted between Armstrong Slough and Ash Stough, while fewer genera were
jdentified from Pitmans Bay. Most of the genera found at the study areas
were rare forms observed as few as one or two times. Thus, the relatively
few genera found at Pitmans Bay may be related to the Timited number of
samples taken at this site. Chlorophycean genera were found in greatest
abundance at all three sites, with over half the number of genera iden-
tified belonging to that division,

A list of genera and their relative distribution between the three
systems is presented in the Appendix, Table A-2. The dominant genera
noted at the three areas, based on proportional counts, included the
blue-green algae Microcystis and Chroococcus and the green algae
Gloeocystis and Oocystis. Microcystis is a-planktonic algae and was the
dominant phytoplankton at the study areas. Dominance of the periphyton
community by Microcystis can be attributed to settling or entrapment on
the stides and macrophytes, unlike true periphytic algae that attach to
and colonize substrates (Young, 1945).

Unlike the phytoplankton, periphyton communities exhibited larger
populations of filamentous and desmid green species as well as diatoms.
Many of the genera identified in the current study were also noted in
previous studies conducted by Browder and Brown (1979} in the Florida
tverglades and by Zafar (1966) in fish ponds in Hyderabad, India. Both
of these sites were nutrient enriched, the former by nonpoint source re-
sidential runoff and the latter by fertilizer, applied for experimental
purposes.,
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Table 4. Number of Periphyton Genera Identified in Each Major Algal
Division from August 1978 to June 1981.

Armstrong Ash Pitmans

Taxa STough S1ough Bay
Cyanophyta 24 17 10
Chlorophyta 67 56 22
Chrysophyta 9 7 4
Sub-Division Bacillariophyta:

Order Centrales 2 2 0

Order Pennales 17 15 4
Cryptophyta 1 0 0
Euglenophyta 4 2 1
Pyrrhophyta 1 0 1

TOTAL 125 99 42

The similarity in dominant genera between Armstrong and Ash Sloughs,
which are influenced by cattle production, and Pitmans Bay, which is un-
affected, suggests that nutrient enrichment may have a limited effect
upon the dominant periphyton genera in areas where blue-green algae are
prevalent. No difference in generic occurrence or dominance was noted
at Armstrong Slough after the water level was raised and the channel
plug installed.

To ensure an accurate characterization of the attached algal com-
munity, the predominant macrophytes at each station of Armstrong and Ash
Sloughs were coliected and generic identification of the epiphyton per-
formed during spring of 1979. A list of taxa identified, including the
macrophytes on which they occurred, is presented in Table A-3 of the
Appendix. A majority of the taxa were found on both the artificial and
natural substrates that were analyzed from both sites. This similarity
in periphytic colonization on vegetative and artificial sybstrates has
been noted by a large number of authors (reviewed by Slddeckova, 1962;
Hutchinson, 1975).

Although diatoms were not found in numbers as large as in many
other periphyton studies (e.g., Patrick and Reimer, 1966), they are im-
portant indicator organisms. Table A-4 of the Appendix 1ists the diatom
species identified from samples taken in the first year of study at

25



Armstrong and Ash SToughs. The most common diatoms at both sites were
Eunotia pectinalis, Gomphonema augustatum, two species of Navicula, and
two species of Nitzschia. These genera have heen found to be character-
istic of eutrophic waters (Patrick, 1945), Also, many of the genera
found, such as Achnathes, Cocconeis, Cymbella, Gomphonema are rhecphils.
These are diatoms that are able to secrete a geTatinous stalk or mass
which allows them to survive periodic desiccation {Godwald, 1937).

Data on the relative abundance of the major taxonomic divisions are
presented in Figures 12, 13, and 14 for Armstrong Siough, Ash Slough and
Pitmans Bay, respectively. A $trong similarity exists between the phy-
toplankton and periphyton communities at the three areas, in that blue-
green genera are dominant throughout the year with green genera following
in abundance. Genera from other divisions were more prevalent in the
periphyton than the phytoplankton. Channel stations at Armstrong Slough
(Figure 12) experienced spring increases in diatom populations and con-
current decreases in blue-green populations. Alteration of the flow
characteristics had no noticeable effect on community composition.
Additionally, community composition data at Ash Slough (Figure 13) did
not exhibit any seasonal trends. Stations located below the pasture
outfall (B1, B2, and B3) were similar in generic composition to the
station above the outfall (B4). This suggests that nutrient additions
may have 1ittle effect on the algal community composition in this area.
The community composition at Pitmans Bay (Figure 14) is similar to the
other two sloughs. Again, this suggests that nutrient loading may not
alter community composition in systems where blue-green genera are
dominant.

B. Quantitative Characterization

Periphyton biomass estimates which were made during this study in-
clude algal counts, phaeophytin corrected chlorophyll 4, and ash free dry
weight determinations. Linear regressions performed on these data {see
Appendix Figures A-5, A-6, and A-7) indicate highly significant positive
correlations {r’'s>.37, p's<.001) among the three parameters. Positive
correlations between chiorophyil and other biomass estimates were also
found by Kurasawa (1959), Grzenda and Brehmer (1960), Wetzel (1963), and
Cushing (1967). Additionally, highly significant positive correlations
(r's>.61, p's<.001) were found between top and bottom periphyton biomass
parameters indicating analogous trends in growth. However, a T-test com-
paring individual parameters showed that top samples were statistically
greater (p<.007 in all three tests) in periphyton biomass than bottom
samples, which suggests Tight limitation.

Periphyton biomass seasonal trends for the three areas are shown in
Figure 15. Biomass estimates for the three types of analyses are plotted
as an average for the water column and as an average for all stations.
Periphyton biomass at Armstrong Slough (Figure 15), before the flow ai-
teration in April, 1980, increased in the winter and was lTowest in the
summer. A T-test of seasonally grouped biomass parameters confirmed this
observation (p's<.056). However, after channel plug installiation, peri-
phyton biomass remained relatively constant on a seasonal basis. Biomass
levels at Ash Slough fluctuated between seasons and years with highest
values occurring in the third year of study, although only a few samples
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were collected that year., Periphyten hiomass Tevels at Pitmans Bay were
similar to Jevels in the other systems, for the two months the Bay was
sampled. Spring biomass maxima, as suggested in the literature (Wetzel,
1975), were not noted in this study, perhaps due to the relatively
stable year-round temperatures and longer periods of sunTight ayailabTe
in Florida (Brezonik et al., 1969).

Comparisons of periphyton biomass among stations in Armstrong
Slough were made to evaluate the community reaction to the altered flow
regime. Figure 16 presents a comparison of periphyton biomass para-
meters for the upstream station M-8 and outfall station M-5, averaged
through the water column. Changes in the biomass at M-5 after plug in-
stallation, were not evident. Although chlorophyll a levels were lower
at M-5 than at M-8 for five sampling months after plug installation, the
difference in mean values were not statistically significant (at the 95%
leyel), based on a T-test.

Intra-area comparisons at Ash Slough were made to assess the effect
of pasture land outfall on periphyton biomass. Biomass parameters for
station B-4 above the outfall and station B-2 below the outfall are pre-
sented in Figure 17. Although the number of samplings was limited at
this area due to frequent dry counditions, the amount of periphyton was
greater below the outfall. A T-test of the means showed that the differ-
ences between B-4 and B-2, for algal counts and ash free dry weights,
were statistically significant at the 95% confidence level.

Periphyton biomass was significantly higher at Armstrong Slough
than at Ash STough based on a one-tailed T-test (p's<.05). Differing
flow and water Tevel regimes between Armstrong Stough and Ash Slough
probably account for the observed difference. Increasing flow rates
which result in concurrent increases in periphyton biomass are well do-
cumented (Ho, 1967; McIntire, 1968; Moore, 1977; Palmer, 1977; Rickert
et al., 1977) and our data suggest similar conclusions for the communities
in our study. However, some generalities can be made. No seasonal
trends were evident at either Armstrong or Ash Slough, Also, production
rates at Pitmans Bay were lower than the other areas for the two times the
rates were determined. Interestingly, productivity at Armstrong STough
increased after plug installation {April, 1980) and stayed high for the
remaining five sampling months. Most Tikely, this is related to the
different flow regime {increased contact area)} created by plug installa-
tion,

Water Chemistry

Algal growth is related to, and dependent upon, the chemical con-
stituents of the water column (Eyster, 1964). Of greatest concern are
the concentrations of major nutrients, primarily forms of nhitrogen and
phosphorus, since they are most often limiting to algal growth and con-
sequently have the largest effect on algal biomass and productivity
(Fuhs, 1969; Thomas, 1969; Miller and Maioney, 19715 Specht, 1975).

seasonal fluctuations in water column concentrations of nitrogen

and phosphorus for all three study areas are presented in Figure 18.
Low to moderate Tevels of nitrogen and phosphorus were noted at Armstrong
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Stough, and changes in concentrations between samplings were minimal.
Concentrations of ortho-phosphate, total phosphorus, and total nitrogen
were high at Ash Slough and Targe fluctuations in concentrations were
frequently noted between samplings. Inorganic nitrogen levels were re-
Tatively low and the percentage of ortho to total phosphorus was high.
Other investigators have found similar results in areas used for beef
cattle production {Filip and Middlebrooks, 1976; Mudrock and Capobianco,
1979; Goldstedin et al., 1980; and Ulevich, 1980). Concentrations of
phospherus and inorganic nitrogen at Pitmans Bay were consistentiy low.

Figure 19 shows the major forms of nitrogen and phosphorus for
stations M-8 (upstream) and M-5 (outfall) at Armstrong Slough (note the
expanded scale)., Before plug installation, the variations in nutrient
concentrations at M-5 fell slightly and then remained constant whereas
nutrient concentrations entering the system at M-8 continued to fluc-
tuate.

Comparisons of nutrient concentrations, at Ash Slough, above (B-4)
and below (B-2) the pasture outfall respectively, are presented in
Figure 20. Means of inorganic and organic nitrogen vaiues were higher
at station B-2 than at B-4, although the difference was not statisti-
cally significant., However, means of ortho and total phosphorus con-
centrations were approximately thirty times greater below the outfall
(B~2) and the difference, based on a T-test, was highly significant
(p<.01). This suggests that cattle grazing and the associated runoff
contributes significant amounts of nutrients to the Ash Slough system.

Algal Assay

Concentrations of nitrogen and/or phosphorus are the most common
algal growth limiting factors (Fuhs, 1969; Weiss, 1970; Miller and
Maloney, 1971; Schindler, 1971; Hannan et al., 1973; Miller et al.,
1974, Karlgren and Ljungstrom, 1975). Generally, natural freshwater
algae are phosphorus limited (Shapiro, 1970; Schelske and Stroemer,
1972; Stumm and Stumm-Zollinger, 1972}. However, water subjected to
nutrient enrichment wiil often shift towards nitrogen lTimitation
(Gerloff and Skoog, 1957; Lange, 1971; Hannan et al., 1973). Much of
the artificial enrichment in central Florida waters comes from cattle
production and the attendant animal waste that contributes high levels
of both organic and inorganic phsophorus (Davis and Marshall, 1975;
Filip and Middlebrook, 1976; Dye and Jones, 1978).

Algal assays were performed to identify the growth limiting nu-
trient(s) at out study sties. Figure 21 presents the results of an
assay, performed in December, 1980, on samples taken from Armstrong
Slough. These results are typical of the other assays we performed
using water from this site, and indicate a nitrogen-phosphorus co-
limitation. This category of nutrient limitation indicates moderate
nutrient enrichment (Miller et al., 1978).

Figure 22 presents October, 1980, algal assay results from Ash STough
which are representative of other assay results from this site. This
area was strongly nitrogen limited. This result is not surprising since
concentrations of bioavailable nitrogen were Tow at this site while
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ortho-phosphorus concentrations were very high, These data suggest that
algal growth at Ash STough is being significantly affected by the agri-
cultura?l practices (i.e., cattle production} in this area.

Community Metabolism

Community metabolism experiments quantify the oxygen production and
utilization of the aquatic commmity, including both producer and consumer
organisms. Gross community phytosynthesis and production/respiration
ratios for the three sites are presented in Figure 23. Armstrong Slough
exhibited the greatest production, ranging from 11.79g Do/m2/day in
February, 1980, to 81.65g 02/m?/day in August, 1980. Production values
were generally Tower in the winter months. Production increased after
plug installation, with monthly values being about twice the amount noted
in the previous year. The P/R ratio suggested that the site was auto-
trophic (i.e., P/R>1), indicating that organic matter was being produced
faster than it was being used {Odum, 1956; Odum and Wilson, 1962).

Gross photoshnthesis values at Ash Slough ranged from 2.269 0,/m?/
day to 39.41g 0./m?/day. Seasonal production trends at Ash STough were
similar to Armstrong Siough in that generally lower values were noted in
winter months. Tne production/respiration ratio, for three of the seven
samplings, was below 1, which indicated that organic matter was being
concentrated. Many ether aquatic systems with a continual input of or-
ganic matter also behave in a similar fashion (Odum, 1956). The pasture
runoff into this system may be altering the production characteristics
to fluctuate between autotrophy and heterotrophy.
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SUMMARY

The goals of our study were to collect and analyze data on phyto-
plankton and periphyton generic composition and biomass variations of
three south Florida freshwater wetlands to: 1) characterize the phyto-
plankton and periphyton communities in subtropical wetlands; 2) determine
any effects nutrient loading has on these aigal populations; and 3)
eyaluate the response of the algal communities to the creation of a de-
tentjon/retention wetland, which was designed to remove nutrients from
agricultural runoff.

Two of the study areas were marshes. One area, Ash Slough, receives
heavy nutrient loading from an extensively ditched improved pasture used
for intensive beef cattle production (1 cow per 2-3 acres), while the
other marsh, Pitmans Bay, is relatively unaffected by agricultural prac-
tices. The third study area, Armstrong STough, was a channelized stream
running through a former tributary floodplain. The channel was blocked
and the Slough re-inundated in April, 1979, Data was gathered for the
two years prior to channel plug installation at Armstrong Stough, and
approximately one year of data was collected after re-inundation. The
sTough receives low to moderate levels of nutrient Toading from adjacent
pasture lands and upstream citrus beds,

The generic composition of the phytoplankton and periphyton com-
munities at the three study areas was similar., The individual genera
identified at each site, as well as those genera found in the Targest
numbers, were analogous among the wetlands Tocations. Additionally, per-
cent composition by division was similar among the sites, in that Cyano-
phyta dominated all systems on an annual basis, while Chicrophyta com-
prised nearly all the remainder of the phytoplankton and periphyton com-
munities, The uniform community composition among sites that receive
differing nutrient loadings, suggests that increasing nutrients may not
substantially affect the generic composition of subtropical wetlands al-
ready dominated on an annual basis by blue-green algae.

Large variations in algal biomass were noted at Ash Slough. Levels
of phytoplankton and periphyton biomass, nutrients, and productivity
underwent large fluctuations between samplings. These changes were not
seasonal, but were related to transient periods of pasture runoff. The
runoff increased the concentrations of nitrogen and phasphorus (particu-
Tarly phosphorus) which stimulated algal growth. Higher mean algal bio-
mass values were observed at stations below the pasture outfall. Algal
assay data identified nitrogen as the growth limiting nutrient at this
site. Nitrogen limitation indicates that this site is considerably in-
fluenced by runoff from the high density beef cattie pasture.

Algal biomass levels at Pitmans Bay were not significantly Tower than
those at the other systems which received nutrient loading. Concentra-
tions of reactive forms of nitrogen and phosphorus were Tow, although
concentrations of the organic forms of these nutrients were similar to
those found at the other two sites. Apparently, all the available nu-
trients are utilized by the algal communities at Pitmans Bay, resulting
in biomass levels that were comparable to the other systems, aithough
slightly lower.

43



Phytoplankton biomass values at Armstrong Slough remained relatively
constant, annually, until the slough was re-inundated, when biomass and
primary productivity values increased marginally. Initially, periphyton
biomass parameters displayed a seasonal trend of increased growth during
winter which decreased in the summer. After the plug was compieted,
periphyton biomass and periphyton primary productivity increased and
thereafter remained constant. Intra-area comparisons of algal biomass
and water chemistry at the influent and outfall stations, showed changes
associated with the slough's re-inundation. Mean nitrogen and phosphorus
levels were reduced at the outfall station after plug installation and
no longer paralieled nutrient concentrations entering the slough. Addi-
tionally, mean values of phytoplankton biomass leaving the slough were
greater before re-inundation; after reflooding, biomass mean values
leaving the slough were lower than entering. All the changes in algal
biomass and productivity associated with re~inundation at Armstrong
STough were not statistically significant (at the 95% confidence level},
probably because only 7 sets of samples were collected after the plug
installation.
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Fig. A-1. Simple Linear Regression Analysis of Top Periphyton Units Counts/mm?
and Chlorophyll a Units {mg/m?)
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Fig. A-2. Simple Linear Regression Analysis of Top Periphyton Chlorophyll a
and Net Organic Weight (g/m?)
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Fig. A-3. Simple Linear Regression Analysis of TOP Periphyton Unit Count /mm?
and Net Organic Weight (g/m?)
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Fig. A-4. Simple Linear Regression Analysis of TOP and Bottom Periphyton Unit
Counts (algal units/mm?)
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Fig. A-5. Simple Linear Regression Analysis of TOP and Bottom Periphyton

Chlorophyll a Concentration (mg/m*)
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Table A-4. Diatom Species Identified in Study Area.

Achnanthes lanceolata Grun.
Anomeceoneis sp.

Asterionella sp.

Caloneis vetricosa Meist.
Cocconels scutellum Ehr,

C. placentula Ehr.
Cyciotella sp.

Cymbeila prostrata CI.

L. sp.

Eunotia pectinaiis Rabh.

E. sp.

E. sp. M

Fragilaria brevistriata Grun.
Frustulia rhomboides DeT.
Gomphonema angustatum Rabh,
G. sp.

Melosira ambigua 0. Mull.
sp. R

M. sp.

Navicula capitata Ross
confervacea Grun.

peregrina peregrina  Kutz.
upula Kutz.
rag1osa Grun.

rhynchocephala Kutz.

==

z}zlz;z|z|2

Ne1d1um 5p.

Nitzschia filiformis Hust.
Nit. ga]e W.Sm,

Nit. sigma W.Sm.

Nit. sp. W

Pinnularia biceps Greg.

gibba Ehr.
microstauron Ehr.

subcapitata Grun.

sp.

Rhopalodia gibberula Ehr.
Stauroneis crucicula Grun,
S. phoenicenteron Ehr,

sp., A

sp.

Surireijla angustata Kutz,
Sur. striatula Trup,
Synedra actinastroides lLemm.
Syn. acus Kutz.

syn. tabulata Kutz.

Syn. ulna Kutz.

Syn. sp.
Tabellaria sp.

s

7ol oo o
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