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THTRODUCTION

The Department of Marine Science, University of South Florida, has
been cotducting a comprehensive envirenmental study of the Anclote Eztuary
on the west central coast of Plorida near the town of Tarpon Springs since
1370. This study was primarily desighed to charackerize Ehe marine an-
vironment prior to the construction and operation of a2 Plorida Dower Cor-
poration generating plant and, subseguently, to evaluate impact of its
construetion and operation on the environment. Phytoplankton productivity
and standing crop were investigated from March, 1973 through February,
1274 as a part of the multi-disciplinary study.

Gibson and Hopking (1973} initially reported on diatems found in
Anclote surface waters and subseqguently presented a quantitative treatment
of all major groups of phytoplankton found in this area (Gibson and Hop-=
kins, 1974). Primary productivity at a reference station located in the
Anelots Anchorage has also been discussed by Johansson and Hopkins (1873).
The present study characterizes phytoplankion production in different
regions of the Anclote Estuary and examines ralationships among phyto-
plankton standing crop, coaposition, and proedoction. This represents one
of the few extensive seasonal studies of phytoplankton production and
ecology on the Florida west coast. The only comparable studies along
this coast are those of Putnam (1966) and Gorman (unpubl. data) who in-

vestigated the Waccasassa and Crystal River Estuaries, respectively.



THE BHCLOTE ESTUARY

The Anclote Estuary forms a shallow coastal lagoon ocoupying apprex-
imataly 48 kn® between latitudes 28709 - 28713" Worth and longitudes
82947' - 82°51' West. To the west it is separated frowm the Gulf of Mexico
by 5 km of narrew barrier islands (Bnelobs Koy, Dutchman Key, and Hopth
Anclote Keys). Confluence with the Guif of Mexico occurs around the
north and scuth ends of these keys. The depth of the pstuary is= estimated
to be less than 2 m over approximately 70% of its area.

The sediments consist of Fine to medium guartz sand with scattered
gandy clay beds (Mohler, 1962). Seagrasses cccoupy approximately 40% of
the submerged bottom and are generally restricted to depths not exceeding
1.5 m (mean low water) (Zimmerman et al., 19731,

The Anglote region is influenced predominately in spring and summer
by tropical air masses from the seuth and southeast, and by cold air masses
from the continent in late fall and winter (Jordan, 1973). Average mobthly
alr temperatures in the suwmmer months are approximately 28%C and in the
winkar 22% (Jordan, 1973). Annual rainfall averages about 1300 mm, with
usually more than 508 of the precipitation ecourring in the pericd of
June=September (Jordan, 1%73).

The tidal cycle of the region is rredominately semizdiurnal and tidal

amplitndes usually range between 0.3 and 0.9 m. Water currents in the

estuary are tidally and wind driven, the latter the stronger factor when

winds are in excess of 6.7 @ 5_1 {Carder and Elausewitz, 1973}. Mean
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monthly wind speeds in this region, however, seldom exceed 5 @ oo (Jor-

dan, 1973).

The Anclote River, having a drainagc area of 90 HME (Mohler, 1923},
is the major contributor of fresh water to the Anclote Estuoarv. River
digcharge is low during most of the year, averaging 2.2 m3' 5'1 at ®lfers,
286 km upstream from the mouth of the river (0.5, Geological Survey, 1973;
gea alsc Figure 4 of the prasent study for 1973-1974 discharge data)l.

The river water flews into the anchorage primarily towards the porth

during flood tide (Carder and Klausewitz, 1972).



METHCDS

Sampling Program

Surface water was sawpled monthly from Karch, 1273 through Pebruary,
1974 at eleven staticns in the Anclota Estuary (Figure 1).

Aliguots were taken from surface bucket samples for the following
determinations: salinity and dissolved nutrients (0.5 liter), phvto-
plankton pigments (2 liters), and primary productivity (4 liters). Ad=-
ditional aliguots {4 liters) were cbtained from statlons 50, B, and 13,
in the Gulf, anchorage, and river, respectively, for phytoplankton abun-
dance, biomass, ahd taxohomic analyses. Further, at station P 10 liters
@f surface water were collected for in situ primary productivity studies.

At each sampling, time of collection was recorded and surface water
temperature was obtained. Alsc Secchi depth was measured, with a white
20 om diameter disk. At station P, submarine irradiance measurements
were made at 0.5 m depth intervals using a Tsurumi-Seiki Simple Submarine

Illuminance Metor.

EBrimary Productivity Frocedures

e : 14
Primary productivity was measured using a medification of the = C

technique of Steemann Wielsen (1952). Water samples were initially
filtered through a 202 um mesh gauze to remove the larger zopplankton
(Strickland, 1960). Four 130 ml Pyrex BOD bottles (three clear and one
light-proofed with tape) were filled with water from every station for

surface primary productivity determinations. The sample bottles were
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inoculated with 1 ml of Ha2 CDE solution containing 4 pe of ~ C using a

2 ml Brinkman Dispenser. The radicactive sclution was drawn from a
reservoly suefficiently large to ensyre that all samples would be inoccu-
lated from the sams woll-agitated scurce. Glack bBotibles were then conr—
ared with twe layers of aluminum foil to ensure exclusion of light and
all sample bottles were covered with a dark cloth until the initiation of
the incubation perlod.

The surface samples from the eloven stations were incubated under
natural light for 4 to & hr starting at local noon at a location in the
Inclote River near the University of Sguth Flovida marine field station.
These samples were temperature cobiitrolled by immersing the bottles in
river water. From March through August; samples were placed in a deck
incubator on shore and a submersible pump was used to deliver the river
water for temperature control. After August, a floating ipcubator,
anchared in the river, was used. Regardless of what incubation procedure
was emploved, the samples reeeived unshaded sunlight throughout the in-
cubation pericd and the two procedures are cohsidersd comparable.

Each month an in situ experiment was conducted at station P to es-
timate productivity in the water colusmn and to Serve as A reference or
calibration point for the surface samples. At this station five sets of
BOD bottles were filled with surface water. The introducticn of the o
tracer and the peried of incubation wers as above, however, the samples
were attached to holders (a modified version of the cne described by
Schindler and Holmgren, 1971), one holdsr with one set of bottles for
each 0.5 m depth increment from surface to 2.0 m.

3t the end of the incubation pericd, sample bottles were retrieved

and covered with a dark cloth and brewght to the field station. Each



productivity sample was vacuum-filtered at 130 mm Hg through a prenum-
bered 47 mm HA 0.45 pm Millipere mewbrane Cilter. The £ilters were
wet with filtered seawater prior to filtration in order o radunn roten-
tion of unfixed ldﬂ material by the filters (zee below), as suogested by
Williams, Berman, and Holm-Hansen (1973). The filtration procnss took
place under dim light (Vollenweider, 1974). At the termsination of Fil-
tration, each filter was rinsed with approximately 10 ml of filtered sea
water and 2 ml of isotonic ammonium formate solution, and then coiled
along the wall (residue o the inside [Crouzet, 197211 of a 20 ml glass
liguid svintillation wial. At the laboratory of the Department of Marine
Bcience of the Uniwversity of South Fleorida in St. Patarsburg, the filters
were gried over silica gel in a desiccator for at least 4 days. Possible
lozges of radicactivity ccocurring during desiccation, as reported Lw
Wallen and Geen {1968} and Ward and Nakanishi (1971, 1973), were not de-
Seermined. These losses are prebably variable and therefore not easily
corrected for. After desicecation, 20 ml of 0.5% PED (phenylbiphenyl-
oxadiazole-1l, 3; 4} {(Amershan/Searle Corp.)-toluene scintillation cock-
tail were added to sach vigl, end the wials were wiped with Lint-Free
tissue paper before counting (Thomas, 1971).

Scintillation induced by E-radistion was measured in a Wucleax
Chicago "Izocap 300" counter for L0 minutes or until 2 x 155 counts were
reached., Counts per minute were transformed to disintegrations per
minute (DEM) using a sample channels ratic (S5CR) versus efficiency curve.
This curve was generated according to the procadure of mopsurihg counting
efficiency of hetercgeneous samples as described by Pugh (1870, 1873).

In contrast to Pugh's procedure, however, in the present study 50 to 300

ml of sea water containing natural phytoplanketon were filtered onto 12 .



memhrane filters and 50 pl of a8 14Cusucraae solution (specific activity
0.25 e ml-lj was pipetted using a microsyrings onte the filter surfaces.
These samples were counted as described above.

Logs of cellular 14¢ activity during filtraticn has been regarded
as a major source of errcr im the lqt technigue by Arthur and Rigler {1967},
Schlinder and Holmgrern (1971}, Schindler, Schmidt, and Reid (1972). This
gffect has been examined in later sfudies by Halewajko and Lean (1972),
MeMahon {1973), and Stadelmann, Moore, and Pickett {1974). They found
that the error probably is not causzed by cell breakage as first stated by
Arthur and Rigler (1967), but is mainly the result of retention by the
filter of unfixed ldﬂ—lahﬁlﬁd substances present in the incubation water.
They also found that by increasing the wvolums filtered, the relatiwve
importance of the error decreased, sugoesting that the losses first de-
soribed by Arthur and Rigler (1967) were artifacts due to small sample
size (3-25 ml). McMahon (1973) stated that filtering a wolume of 100 ml
or more and washing the filtered sample with 100 ml of nonradioactive
water reduced this error to an insignificant lewel. Gibson, Johansson,
and Gorman {unpubl. data)l found that the use of smaller valumes of rinse
water (filtered sea water), 10 toc 15 ml, decreaged retentionh of unfixed
qu-lab&leE material of the filter to a minimum level.

The Hazldﬂﬂ3 solution was prepared by diluting high specific actiwviey
materigl with a ¥a_o0

2 3
Ftrickland and Farsons (19€8). The solution was stored in autoclaved

solution (final pH: 10.6) as recommended in

rubber-stoppered 100 ml glass bottles. The specific activity of the
sclution used for each determination of primary productivity was measured
in triplicate in the liguld secintillation counter by adding 50 pl of

golution to a wial eontaining 10 ml of a PCS-KCS [Amersham/Searle Corp.)
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seintillation solubilizer. The samples were agitated and counted for at
least B x lﬂs counts. Counting efficiency was determined by using the
external standards ratio (B5R) in conjunction with a set of chemically
guenched homogenecus standards (amersham/Searle Corp.).

The total carbonate content of the surface samples was determined
in a Beckman Model 915 Total Carbon Analyzer as described in Hopkins et
al. {1972},

Frimary productivibty was calculated as the hourly average production
over the incubating period using the following formula:

p= B X Wx1.05

B oxH
; 2 . =3 =L ; . .
where P is the primary productivity (mg C m hr ™), B iz the radigac-
tivity of the filter (DFM), R is the absolute activity of the ﬁaElﬂDDJ

solution {DFM), W is the total carbonate content of the water samole

(g m-j}. M is the duration of the incubation periocd (hr), and 1.05 is
an isotope correéction factor suggested by Strickland (1960} . DPrimary
productivity of the water column at station P in the anchorage was calep-
lated from the following modification of the formula given by Jitks (1965):

RSl telan W oty s e BB R aBu e IDg oD

0
where P is the primary productivity (mg © u1_2 hr'l], and Pi iz the pri-

el o depth 1 (D) (m).

mary productivity (mg C m
Corrections for dark uwptake of radiocactive carbon based on dark bottle
counts were recorded for future reference, but were not applied in this
study becasse of arguments presented by Morris, Yentsch, and Yentsch
(1271). They suggested that dark uptake corrections should be disregarded

until better understocd. Also, exudation of ldﬂ—laheled organic meta-

bolites (see Anderson and Zeutschel, 1970 and Thomas, 1971) was nobk cop-
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rected for and the caloulated productivity rates might best be inter-

preted as estimates of net produckion of particulate carkon as Huagae s hed
by Antia ot al. [1%63), HMcAllister, Shah, and Strickland (1964}, Epplev
and Sloan (1963), Ryther and Menzel (1963a), and Strickland et al. (19693,
In addition, in this laboratory it has bect detcrmined, through the use

of Cyclotella nana cultures, thakt a 14c methaed similar to the one employed

in this study measured close to particulate carbon formation (Gunn, uwo-

puil. data).

ngtﬂplaqytnn nhunﬂaqpe_ana Biomass Eragcaedures

FPhwtoplankton samples collected at staticnsz 50, P, and 13 for taxo=
nomlc analyses were preserved immediately aller colleclion in o wodak
mercuric chloride solution, Less than 24 hr after sampling, the phyto-
plankton in the raw sample was concentrated into & few ml of water using
a Dodson filtration tube (Dedson and Thomas, 1964}, The tube was fitted
with a 2B um mesh gauze rather than with the Whatman Ho. 42 filter paper
used by Dodson and Thomas. Gibson et al. (1974b) showed through compaza-—
tive counts that up to 93% of cell numbers can be lost through the gauzs.
Howewer, virtuwally all of the cells passing through the gauze were “"naked"
flagellates which rupture in usual preservation procedures (5% formalde-
hyde solution) and thus, in any event, escape deteckion in most investi-
gations. Alsc the biomass loss is amall constituting only 2% of the
total standing crop. Aliguots of the concentrated samples were placed in

a shallow 0.13 ml counting chamber and sxamined under a Zelss Standard B

microscope at 400% magnification. During the counting procedure, cells

':*:lntﬁiﬂirlg r&fracti‘-ﬂ! c]‘llﬂrﬂPlfﬁtE ware iﬂEntlfi‘Elﬂ o ]]'Iajl:l-r hi‘ghE'r taxs.

The dominant forms were generally identified at least to genus.

Total cell numbers were calgulated according to the following equation:



vr 11
=N :

Ve 2 Wy
where O i%5 total cell numbers fcells m_33, N is cells counted {caells),
Vo ig the wolume of the concentrated sample (ml), V. iz the volume of the
raw sample {m35, and V; is the counted volume (ml).

Cell dimonsions for biomass determinations were measured along major
axes. The average dimensions of ten cells were used for abundant tvpes,
while every cell of the less abundant forms was measurad. Diomass of
individual cells was then estimated by converting the average linear di-
mensions into the appropriate dgoeometric volume forsulas [i.e., aphere,
ellipsoid, and cylinder) and substiteting this volume inte the Mullin,
Sloan, and FEppley [19%66) equation helow:

log = 0.76 log W - 0,29
where C is the cell carben (pg ©) and V is the cell voluwne {(um3). The
ralue of cell carbon was multiplied by the respectiwve wvalue of cell
nurker per unit wolume of water to obtain biomass for each cell Lype.

Total cell biomass for the sample was then determined by cumulating the

bicmass data opn all types.

Chemical Analyses

Dissolved nutrient samples, containing 400 ppm of mercuric chioride
for preservation purpeses, were filtered immediately after collection
through Hucleopore filters at the field laboratory in Tarpoen Springs.
The samples were analyzed for the following putrients in a Technicon
Antoanzlyzer II at the laboratory im St. Petersburg: POg-F (Murphy and

-

Riley, 1962; Chan and Rilaey, 1366}, Mg~ (Wood, Armstrong, ahd Richards,

1957; Armstrong, Stearns, and Strickland, 1367), WHy-W (Solorzanc, 1969;

Head, 1971), and §i0,-Gi (Maynard, unpubl.}. The 5i0y-5i method used in
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our laboratory rezembles the one desoribogd by Brewer and Rilev (1966)

however, in the present analysis, a silico-molybdate complex is reduced
in acidic solution by ascorbis acid.

surface salinity was analysed in a Beckman induction salinameter at
the laboratory in St. Petershurg.

Phytoplankton pigment samples were filtered at the field laboratory
through Type A glass fibre filtors (Fisher Scientific Co.) for chloxo-
phyll a and phasopigment determinplions. To prevent dearadation aof
cnlorophyll a through acidification, approximately 0.5 ml magnesiuom
carbonate susponsion was added to the filter surface at the terpination
of filtration. The filter was next trimmed of cxcess moembrane which
showed no phytoplankton deposit. The trimmed filters wore thes placoed
in eowvered centrifuge tubes containing 5 ml of 90% acetone. The tukbes
were stored for 24 hr of darkness in a refrigerator (4%0) at the labora-
tory in St. Petersburg and subsequently centrifuged for 1% minutes. Tho
supernatant liguid was decanted into 1 om pathlength spectrophotomeker
cells. The extinction of the liguild was measured in a Hitashi Perkin-
Elmer 139 Ov=vIS gpectrophotometer at the wawve lengths 730, 863, 643, and
530 nm. Chlorophyll a concentrations were calculated using the equation
of Parsems and Strickland (Strickland and Parsons, 1%68) and phasopigments

aceording to Lorenzen (1967).

Tarbidity Rnalvais

Turbidity was caleulated from Secchi depth wsing the Formula:

1.8
E54

=1 )
where k is the extinction coefficient {m ~) and Z.; is the depth of

Eia

k

disappearance of the Secchi disk (m}. The sonstant 1.6, derived from
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submarine irradiance Esasuremsnts at station P in the Anclote Anchorage,
was found more suitable in this area than constants suggested by Focle

and Atkins (1929), Jones and Wills (195&), and Holmes (L973).

Special Collections

Primgry productivity throughout the water column at stations o0 and
13 was measured onf single occagsions using the in situ procedure described
above, thouoh an additienal set of hottles was added at 2.5 m due to the
greater depth of these stabions.

Alsc, station P was sampled on a separate occasion in a more precise
study of vertical distribution of primary productivity. In this experi-
ment, waker was collected from the 5 depths menticned above rathoer than
from the surface only as in the routine menthly in situ experiments.
Suhsurface water samples were collacted using 2 Hiskin sampling bottles.
The samples were then incubated in situ at the depth of collection. An-
cillary information was alse cbtained on temperature, salinity, and nu-
trients for each depth, and phytoplankton pigments, abundance, and hio-
mass for the surface and the 2.0 m depth.

Daily variations of photosynthetic capacity were investigated on
May 25 at statiocn P. Surface productivity samples oollected before sun=
rige were inoubated from sunrise until noon and samples collected just
prior to noon were incubated frowm noon until gwunset. FPhysical, chemical,
and phytoplankton pigment data were cbtained for both the morning and

afternocon experiments.

Gtatistical Analyses

Programz from the Biomedical Computer Program (Dixon, 1973) were

used in the statistical analyses. These programs are stored in the IBM
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360 Computer System of the Univerzity of Seuth Florida, Correlation co-

cEficient statistics were applied to test relationshiss betwsen primary
productivity, phytoplankbton standing crop measurerents, and sclooted
physical-chemical variables. Analysis of variance and Munean's Hew
HMultiple HRange Teat (Bteael and Torrie, 19600 were used to group stations
into regions of the Bnclote Estuary and to combine mankhliy data intbo

geascnal units,

Climatclogical and Hydrological Data

Climatological and hydrological data for the peried of study were
chtaired from the following sources:

Solar radiation, air temperature, and wind speed ab Tampa Inberna-
tional Airport: TU.S. Weather Bureaw, Tampa, Florida.

Daylangth at Tampa: The Wavtical Almenac Qffice, U.E5. Naval Ob-
servatory, Washington, D.C.

Tides at Scuth Anclote ey and Tarpon Springs: O.5. Department of
Commearce, National Oceanic and Atmospheric hdministration, Washington,
. C.

Bainfall at Tarpon Springs: U.S. Department of Commerce, Hational
Climatic Center, Ashwille, Horth Carolind.

Aneclote River discharge at Elfers: U.5. Geclogical Survey, Tamoa,

Florida.
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BESULTE

Seascral and Regional Description

Hopking ek al. {1972), in their study of nutrients in the Anclote
Estuary, found that the year 1971 could be readily dividad into two drv
periods, January to June and October to Hovember, and one wet scason,

July toe September. While 1973 could nok be as easily divided inlo sea=
song on this basis, it was possible to partition the year using water
temperature. Anpalysis of vaviance of water temperature owver the sampling
pericd indicated that cool seasans extended owver seven months, March to
May, 1973 and November, 1873 fo February, 1974, apd a warm scason extended,
for fiwve months, Jume through Octoker, 1973, In the present investigation
an analysis of wariance using 1973-1974 data on salinity, silicate, chlore-
phyll &, and primary productivity rewvealed that the three river stations
were significantly different (& = 0.05) from the remainder of the stations
in the anchorage and the Gulf. It was alsc possible with salinity data
alona to separate stations located on the Gulf of Hexico side of the
Aneclote Keys from those within the Rnclote Rnclorage. The same regions
were recognized by Gibson and Hepkins (1974) and, in the subseguent text,

tables, and figures, data from the stations gampled in this stedy will be

groupad az in Table 1.



Table 1. Stations included in average data for the three regions of

the Anclobte Estuary.

Region

Etations

Gulf of Mexioco
hnclote Anchorage

inclote River

50 49 48
32 21 25 P 26

17 13 11

16
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Physical and Chemical Data

Solar radiation for the period March, 1973 throuwgh Pebruary, 1974
was least during the cooler menths, the lowest values sconrring in De-
cumber; maximan values were recorded for May (Figure 2A). In the latter
part of the sumper, when higher values would be expected, increasad
clowd cover associated with thunder storms reduced incident 1light.
Menthly averages of physical and chemical factors for the three recions
of the Anclote Estuary are listed in Table 2, and annual averages in
Table 3.

Water turbidity was generally low in the winter, indicating a re-
duced suspended particle leoad. WValues were higher in the summer durineg
phytoplankton blooms and during pericds of high wind welocity in both
szascons {0.g., December 12 field trip).

Water temperature in the estuary ranged from 11.8 °C at station 26
in Decembaer to 30,59 q: at station 11 in July, representing an annual
ratege of 18,7 Ct (Figure 2E). Differsnces among the eleven stations for
a specific month, howewver, wers guite small.

Surface salinities ranged between 12.3 Y/oc at stabion 1l in January
and 36.6 9/na at station 48 in July (Figure 3). As would be expected
the greatest annval veriation (19.6 “/oo) was recorded at staticn 11 in
the river and the least (4.0 9foo) in the Gulf at station 49. In general,
salinity increased with increasing temperature and Was highest in July.
The sudden decrease in August, which was especlally apparent at the

river stations, resulted from heavy rainfall in late July and early

Bugust (Figure 431).

Diﬂﬂﬂl\?Eﬁ nutriELﬂtE {i-ﬂ-i PD-II.P' HDEHH' HI{SFH. and 5.“:'2-51]

generally occurred in highest concentrations in the Anclote River (Tables



Figure 2.

nealaten
{ laagleys deoy™)

8

g

3

CTrF TETRE T VT TETSTOTRTO[Jd T F 1
9 1 1E74
35-
30 )
& 25
: |
=
S 20- X
aa
(5]
§
= 154
10 MI#!MIJIJ[AIS:Di_N_IDIJiFI
1973 1 1874

Seasonal wariation of inzolation and surface water temperature,

1973-1974.

A. Curve of ingsolation at Tamga International 2irport based on
weekly averagas. Totals for each sampling date are shown
as closed qircles.

B.

Monthly average surface water temperature for the Anclote
Estuary. Temperature ranges for sampling dates are shown

as wertical bars.



Pigure 3.

07 Gulf of Mexico Regien
35- "f’l\\Ki
pFe s el
A -
R T N I W B R B ' e e T
973 | 1974
407 Arclote Anchorage Region
354
"l; i 1
5 30
e
Eooss
= M T A ITMITJTd TRTSIGINTIG ]S TP
= . 1973 | 1974
% a5+ Anclete Hiver Region
mu
EE.. f
3:'"
! = 5TA, IT
& 5TA. 13
15 & STA, N
1573 | 1974

curves for the Gulf of Mexies and Anclote Anchorage regions
are based on monthly averages for sach region; ranges arae
indicated as vertical bars. Curves for individual Anclote
river stations are plottedsseparately.
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2 and 3}. Levels in the anchorage tended to be lower and were often

similar to those in the Gulf of Mexics, however, silicake was Found at
intermediate levels in the anchorage. 211 three tegions had high phog-
phate concentrations in February and March and high nitrate levels in
Nowvember and December. During the remaining months, Fphosphate and

nitrate values were relatively low in all three regions. JAmmonia levels
were high in surface waters throughout the area in late summer, and high

in river water in December and January. Unugsually high concentrations of
ammonia were found at stations 50, 32, 25, and B in April, and at station
17 in September. Contamination by atmospheric ammonia may account, in part,
for these anomalous wvalues (Hopkins et El‘f 19723 .

Silicate lewels were relatiwely constant at stations in tha Gulf.
{oncentrations in the anchorage and at river stations 17 and 13 were
generally similar to those of the Gulf, but differed from the latter
during July and August when high walues were recorded. Concentrations ab
station 11, on the other hand, were gongiderably higher than these found
at other staticns. Peak values were cheerved in January, March, hugust,
and Oetebar. In view of the inverze relaticnship between salinity and
2ilicate levels demonstrated by Hopkins et al. (13721, it comes as no
surprige that station 11, which is farthest upriver, has the highest

average silicate consentration of all stations.

Primary Produckivity

Seasonal 2nd Regional Variations

Phytoplankton produstivity in surface waters of the Gulf of Mexico

adjacent totthe Anclote Keys Was highest in August and September [Figurse

S5; Table 4). During the remainder af the year, profuctivity was rather

low with minimum rates occurring in February and March. The Anclote
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Anchorage wWag generally most prodyctive during the warm meonths of June
through Octocber, and the highest rates cocurred mest freguently in the
latter part of this period. Lowest rates in the anchorage were found in
February, Harch, and December. In the Ancleote River, relatiwvsely high
productivity persisted from April through Heovember, the annual maxima
ooourring in July and September. The lowest rates for the river were
recorded in December. In general, seasonal fluctuations in surface pro-
ductivity were most nobiceable at the river staticns and least ochbvious

in the Gulf.

Vertical Distribution

Fesults of the in zitw experiments at stations P, 30, and 13 are
presented in Pigures 6 and 7. In situ surface productivity at station B
average 1.5 times greater than productivity just abowve the bottom at
2.0 m suggesting that turbidity of the water column on most oocasions
reduced productivity in the deepest samples. On every sampling Jdate,
however, measurable photosvithesis occurred at all depths indicating
that, during the time of incubation, the compensation depth (i.e., the
depth where gross photosynthesis and respiration balanca)] was always
greater than 2.0 m. Single in situ experiments at station 50 and 13 also
indicated a net productivity at all depths during the pericd of incuba-
tion.

Az determined in previous studies (JTohansson and Hopkins, 1973}, a
rather constant relationship was found at station P batween surface pro=
Auetivity and total productivity for the water colurmn. In both studies
surface productivity maltiplied by a factor of 1.2 appromimated values
for the total production under a square meter of water, as determined by

integration of rates chtained from in situ experiments. Single in situ
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measurements al staticns 50 and 13 in the Gulf and river yielded factors

of 2.8 and 1.4, reapectively. Integrated productivity at station P over
the sampling peried is presented in Figure B.

Ag stated in the metheds section, productivity samples collected
monthly at the surface at station P were susgehnded at wvarious depths af
the water column for estimations of wertical distribution of photosynthesis
and total production under a sguare meter. This procedure is reliable
only if the phyteoplankion population is homomenecusky distributed with
depth and not photosynthetically adapted to light conditions found at a
spacific depth,

Heasurements of temperature and salinity by Carder and Klausewits
(1972, 1973} indicate that the Anclote Anchorage generally iz well mixed.
Tharalore wvertical stratificaticn of the phytoplankton would not be ex=
pected on most szampling occasicns. Steemann Mielsen and Park {(12e4) sus-=
pended surface phytoplankton adapted to high light intensities at the
depth of 5% incident light and the plarkton reguired three days to pnota=
gynthetically adapt to the lower light intensities. In view of the shal-
lowness of the study area and the strong tidal forces acting in the es-
tuary (Humm et al., 1971), it can be assumed that bhe rate of total wver-
tical mixing is less than three days. Differentiation into physiolegically
distinct surface and subsurface plankton populaticns, then, would net be
expected [(Steemann Wislsen and Hansen, 1959). Purther, ob May 25 an eX—
periment was conducted at station P in which water collected frem the 3
standard depths {(rather than the usual procedure of using only surface
water) was incubated in situ. In this experiment surface productivity
maltiplied by a factor of 1.8 egqualed the total production of the water

eolumn, a value close te the average of all in situ experiments at static?



Figure 4.

vertical distribution of primary productiwvity at station P
in the Anclote Antchorage, 1973=19%4,

25
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F i(see abovae), In addition, temperature, salinity, nutrients, and chyto-

plankton standing crop data showed no apparent trends with depth on this
sarpling date. This particular experiment, then, substantiates the wva-
1idity in this shallow srea of incubating surface samples at different
depths of the water column.

In sity surface productivity rates for station P were an average
1.3 times greater than incubator rates (Figure 2. The greatest Jdif-
farance between the two technigues resulted when the in situ sample was
collected a few meters away from the incubator sample, possibly suggesting
that patchiness of the phytoplankton population was a major cause of the
variation., Cassie {(1982) found in a study of natural and cultured phyto-
plankton that any two water sapples collected more than 10 om apeart were
likely to show a statistically significant difference in primary produc—
tivity. Obtaining samples frof one relatively large and well-agitated
source generally gawve cildse agreement hetween the two techniques (see
regrassion line € in Figure 9). Also excluded from this regression
caloulation were data Erom an improperly incubated sample.

annual surface productivity of the three Anclote regions, derived
by integrating the area under the seascnal curva, was A% Follows:

Gulf of Mewico: 120 g mfa Frul

Anclote Anchorage: 170 g C mfj Frul

Anclote River: 420 g C m-3 Fr-
Estimates of annual productivity for the water colunn at stations 50, T,

and 13 were:

Station 50: 340 g © . ?r_]'
, -3 -1

Etation P: 3T0 g € m  wr
-1

Station 13: olb g C rn_2 ¥



Figure 2.
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In Situ wvs. Incubator
Primary Productivity

O.181 At Station P

0124

Incibaior (g€ mohr')

1

0 004 008 0Ol2 ol6
In Situ {gCmhe'}

In situ versus incubator surface primary productivity at
station F in the Anclote Anchorage.

Regression line & represents the measured relationship.
Regression line B represents the expected thecretical rala-
tionship.

Regression line © represents the relatiomship with three
points excluded (gee text).
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The 1273-1374 wvalue for annual productiviky under a sgquare meter at sta-

tion F in the nnclote Anchorage was approximately twice that reported

for the same station in 1971-1972 {Johansson and Hopkins, 1973).

Ehwtoplankbon Piuments

Eigh chlorophyll a (chlorophyll a + phasopigments) concentrations in
surface waters of all three regions cccurred during the summer; the annual
maximz most often recorded in the latter part of this season (Figure 105
Table 4}. Relatiwely high walues were also found in Bpril for most sta-
tions and in December for the anchorage region. Phasoplgments followed
the seasonal patterns of chlerophyll -2 rather clesely, although annual
variations in phacopigments were greater than those of calovophyll a.

pverage annual chloroghyll a and phasopilgment concentrations Lor the

throes Anclote regions were:

. =3

Chlorophyll a: Gulf of Mewico: 3.2 mg m
=3

mneclote Anchorage: B.1 mg m
=3

Anclote River: 9.6 my m
; =3

Fhasopiqgmenta: Gulf of Mexico: 3.3 mgm
- =3

Anclote Anchorage: 3.2 mgm
=3

Anclote River: 4.1 By m

Average concentrations by station are listed in Tahle 5. The 1371 aver-
age of chlorophyll a concentrations for all stations in the Anclote
Estuary (Gibson and Hopkins, 1974) was 1.3 times that of the present
study, while the 1271=1972 averags for station T (Johansscon and Hopkins,

1373} was only 0.6 the 1973=1974 value.

Phyteplankton Abundance and Biomass

Seasonal patterns of phytoplankton abundance, hiomass, and taxonomic
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composition were similar for the three reference stations (50, P, and 13)

{Figure 11; Tables & and 7). FPhytoplankton cells were most abundant
between Jung and Moverher, with moximam ousbers ooocurring in Ssptembay
at all three stations. Relatively low cell counts were recorded for
December Through May. Planktonie diatoms were most important in tesms
of abundance, averaging 84.3% of total cell wumbers. The principal dia-

tom genera of the summer season were Skeletonema, Chastocerus, and Nite-

gchia; during the winter Rhizosolenia, Leptooylindrus, and Chaetogeros

were mast abundant. Benthic diatoms, dinoflagellates, and other phyto-
plankton were of minor importance, with the exception of the filamentous

bluegreen algae Trichodesmium sp. which was abundant at stations 50 and

P during the sumser.

The seascnal pattern of phytoplonkton biomass follewed clozely that
af cell nupbers, though peaks were not always concurpant. Flanktonic
digtoms constituted the largest fraction of total phytoplankton biomass,
averaging 80.9% and, generally, the principal forms were the same as
those contributing most heavily to cell mumbers. Benthic diatoms were
more important in terms of blomass than of nurbers. Their share of total
biomass averaged 11.B%, while representing only 1.3% of total nusher of
calls, Oceasionally dinoflagellates were abundant; a bloom of the dino-

flagellate Ceratium hircus, for instance, constituted the major pertion

of phytoplankton bicmass at ztakiensg 50 and P in Janwary. In terms of
total bicmass over the sampling pericd, however, neither dinoflagellates
nor other phytoplankten, exclusive of diatoms, were of major importance
in the phyteplankton detectable with our procadures.

annual averages of phytoplankton abundance and biomazs for the three

staticns were:
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pbundance: Station 50: 1910 x 109 celle @3
Station B: 1490 x 10° cells w3
” 6 ok
gtation 13: 1490 % 10° cells m

Biomass: Station 50: 188 mg 0 m o

Station P: 145 wg C om0

station 13: 102 mg C m
Gibzon and Hopkins (1974), in their earlier study, found approximately
the same seaschal pattern and principal composition of the phytoplankton
copulation for the three regions. he diatom gonus Chastocercs, Chough,
was not a5 important in their samples as in the present study. ~Average
biomass for the three regions was approximetely the same, while average
cell numbers, by contrast, were 5.3 times higher in the present investi=
gation. This descrepancy mey have resulted from the use of different
sample praservation techniques. Small, fragile chain-forming diatoms,
included in the present counts, may better withstand preservation in the
weak mercuric chloride soluticon used in the present study than in the
10% huffered formaldehyde used by Gibson and Hopkins. Because of the
small size of these diatoms, however, changes in their abundancc pro-

bably contributed 1little of the year te year variation in phytoplankton

biomaszss.
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DISCUSSI0ON

Ehytoplankton Productivity and Environmental Factors

In order to gain insight to possible factors influencing phytoplankton
dynamics in Anclote waters, statistical comparisons were made of phybo-
plankton characteristics and selected physical and chemical wariables.

Correlation statistics (Tabkle 8) indicate a positive, highly signi-
ficant relationship (@ = 0.01) between primary productivity and surface
water temperature for the three regions of the Anclote Estuary during
the cocl season. Other relaticnships were less apparent with the ex—
ception of productivity wersus insclation in the Gulf and anchorage re-
glons. The negative coefficients of the latter relationship are difficult
to interpret. Light inhibition of photosynthesis in surface samples
might be a possible factor, though the coefficient was still negative for
data from in situ samples at staticon F obtained from the depth of maxivm
rhotosynthesis below the surface. A possible explanation might lie in
the gecgraphical separation between the points of data acguisition; in-—
selation was measured at Tampa International Birport, which is approxi-
mately 100 km from the area of productivity measurements and more influ-
enced by "inland" metecrological conditions. Putnam (1968) offers a siml-
lar explanation for poor correlation between productivity at the Wac=
casassa Estuary and insolation measured 30 km inland.

A pumber of the correlations betwéen nutrient content and primary

productivity were Eﬁatiatically significant (o = 0.05; ¢« = 0,017 but may
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not reflect utilization-production relaticnships due to the large sampling

interval (%30 days). Leftus, Subba Rao, and Seliger (1972}, for instance,
found that a complete phytoplankton bloom cvele mav be esmoleted in a
pericd of 21 @ays. In addition, these statistical analyses were weakened
by unassayed variables known to affect primavy productivity such as con=
centrations of iron and trace metals (Ryther and Guillard, 1959}, humic

acid (Prakash et al., 1973}, wvitamin B._ {Curl, 1962), nutrients in

12
particulate form (Goering, Melson, and Carter, 1973}, and zooplankton

grazing {(Riley and Bumpus, 19448).

Belaticnships Mmong Phvytoplankton Heasurements

Correlation coafficient matrices of linear relatiooshigs amohg pri-
mary productivity, chiorophyll a, cell nuebers, and biomass at stations
E0, P, and 12 are listsd in Tabkle 9. & nusher of significant relation-
ships (0 = 0.05; @ = .01} oecurred during the sumser monthe sk stations
80 and 1%, in the Gulf and river, respectively. In winter significant
coefficicnts were only recorded for station 13.

The meaning of these regional and seasonal variations iz not fully
underatood and more investigation is needed. For instancge, it is not
clear why significant relationships in the summer were found among most
of tha wariahles listed for station 13 in the river and station 50 in the
Gulf, but not for intermediate station P in the anchorage. Pubnam {(1906])
alse reports that chlorophyll a was only related to surface produoctivity
in the upper reaches of the Waccasassa River and in the cGulf of Mexico.
Further, on the basis of the available data, it ip gifficult to interpret
the meaning of the generally weaker correlations between these variabhles

in winter thanh in summer.
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Table 9. Correlation coefficient matrives for relationships amons wrimary

redu T S i
productivity, chlorophyli a, and phytoplankton standing crop at

stations S0, 7, and 13.

Nogreas
Season LEration of Varianles
Fraedon
in=2}
Waym
(June - oct.p 50 3 Chl. a ©cll no.  Blomass
Prod, o, a0t 0.0 &.87
chl. a AT 0. G
cell nc. .62
F 3 hl, a4  ©ell ne. Tlemass
Frod. 0.74" -0.83 0.17
ohi. a =), 25 0.78
Cell o, o.19
13 3 “hl. a oell ma. Biomans
Trod. 0.34F D 0§ 0.00*
“hl. A 0. 9Gn* d.88*
cell no, 0.BE%
Cool
{HMov. = Hayl E1 4 chl. @ ©ell no. Biokass
Frod. 0.63 0.73 0.12
Chi. a 4.57 -0.46
Cell no. 0.1lL
od & Chl. & @ell ne. Biccayss
Prod. w4 0,13 .65
thl. & ~0.03 =0.30
Coll no. [ I [
13 B Chl, & <©ell po. Biomass
Prod. 0.47 g.7a+ ,q1**
Chl. a Q.13 0 4%
call no. &, B3

s

& EBiopifiecant at a = .05
#s  gignificant at o = .01
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The productivity-chlorophyll a relationship gave significant correlationg
{# = 0.01)} in the Gulf and anchorage regions in summer and in both sea-
sons in the river (Table 10). ‘The high correlations in all threc areas
during the summer months agree with recent findings from the Crystal
River Hatuary (Gorman, unpubl. data). The weaker winter coefficients
between productivity and chlorophyll a suggest that a relatively large
portion of inactiwve chlorophyll was present in the live phytoplankton
cells or that perhaps relatively large guantities of chlorophyll a were
associated with non=living detrital mabterial i{e.g., Byther and Yentsch;
1357} .

The mean annual rate of productivity and chlorophyll a concentration
were highest for statieon 13 in the piver whereas average phytoplankton
bigrass and ¢ell numbers were greatest at station 50 in the Culf. The
unexpected distributional relationship of cell avundance and bicmass with
respact to productivity and chlorophyll a may derive from inaccuracies
in cell enumeration techniques. As stated previousiy, the small, fragile
species wera largely unacocounted for. These cells, which may account for
much of the productivity (e.g., Yentsch and Ryther, 1953%; Malone, 197laj
Valkenburg and Flemer, 1974) may have been more abundant in the riwver than
in khe Gulf {e.g., Yentsch and Ryther, 195%; Loftus, Subba Rac, and Seliger,
1972; discussion below). Further, estimates for water column productivity

at stations 50 and I3 were based on single in situ experiments.

Relationships Between Chlorophyll and Photosynthesis

The productivity index (i.e., photosynthetic rate per unit chloro=
phyll a} may be used as an indication of phytoplankton photosynthetie
capacity (Strickland, 1960). Average indices for the present study were

generally higher in summer than in winter in the hnelote Anchorage and
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Taple 10. Correlation coafficients for relationships between primary
productivity and chlorophvll a in the three regions of the

Mmeolote Estuary.

Degrees
Season Araa of Correlation Coefficient
Freadom
(n-2)
Warm
TJune = Cot.} Gulf of Mexico 13 {}.o0rs
Bnclote dnchorage 23 0,.72ew
haclote River 13 0,.832%
ool
{May - May) Gulf of Mexico 15 ¢.27
Anclote Anchorage a2 0.10
Anclote River 19 . Gl*s

*% Bignificant at o = 0.01
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River regions. No seasonal trend was apparent in the Gulf region adja-

cent to the Anclote Keys (Table 11). Similar findines were reported by
Flemer (1970) who investigated primary productivity in the Cheosapeake
Hay. EStations located closest to the mouth of the bay did not show any
gazsonal wariation in the oroductivigy index, but, at stations farther
up the bay, a seasonal pattern was clearly cheerved with highest values
ocourring during the warm months,

The index appears ta bse dependent oit interrelabionships among light
cotditions, water temperature, nutrients, and algal compositicon (Eppley,
1972} . Correlaticn analyses botween daily insoiation and indices in the
present study were weak in all cases, suggesting that light is not limit-
ing surface preductivity in the ares studied. Talling (1235} stated that
light saturation of photosyntheais normally occurs at intensities that
are low relative to the intensity of surface incident radiation. Further,
Stesle and Menzel (1962) found in the Sargasse Sea, where the average
daily radiation never falls helow 200 g c=al cmfz. that insufficient light
as @ factor limiting photosynthesis of the surface phytoplankton popula=
ticn conld be ignored. In the present study radiation below this wvalue
was pever encountered (Figure ZA).

The seasonal pattern of the index in the Anclote Anchorage and River
regions, is typical of shallaow cnastal estuaries (Bppley, 1972} with
rapid nutrient regeneration processes. in such envirchments the produc-
tivity index is strongly correlated with temperature (Figure 12). Cor-
relarion coefficient analyses of Anelote hnchorage and River data indi-
mate that approXimately &&% of the wvariance of the index is related to
variations in temperature. Similar agreerent between the productivity

index and temperature have been reported by Barlow, Lorenzen, and Myren



48

Takle 11. PMonthly average productivity indices (mg C [mg Chl a]_l hr=1}
for the three regicns of the Anclote Estuary, 1973-1974.
Date Gulf of Mexico Anclobe hnchorage Anclote Riwver
Harch [ 5.0 B4
hpxril B.2 B, 9 10.4
Hay 7.2 7.4 9.8
June T.8% T.a# 12.4
July 3.4 Tl 14.5
August 4.2 7.5 11.5
Santembser G2 8.7 1d.6
October H.4 b.5 9.8
Howvember &.l 6.4 12.3
Dacemhar - 0.6 0.7
Januwary 8,3 5.9 5.7
February 1.E 2.0 2.5
Mean 5.3 6.0 B.8

* One ancmalously high wvalue omitted from the average.
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(1963}, Williams and Murdech (1966), Ichimura (1967), Mandelll et al.

(1870}, and Valkenbura and Flemer {1874).

Williams and Murdoch {1966) derived an eguation for prediction of
surface primary productivity in a shallew estuary in North Carolina from
chlorepiiyll & concentration and water temperature. Their calculated rates
af daily productivity differed from measured ratos by an average 26%,
poeordingly, primary productiwvity in the Anclete Anchorage and Riwver re-
aicns can alse be predicted from the relationship between the productivity
index and temperature (figure 12):

o0, 441T =~ « FOE}

poclote Anchorage: PP

Anclote River: P = C(0.778T = 10.236)

where P is surface productivity (mg C me hr-l}, ¢ is surface chlorophyll
i concentration ({mg F:H}, and T is surface water temperature (C)}. Cal=
eulated rates differed from measured rates by an average 26 and 24% for
the anchorasge and river, respectively. Further, when measured rates were
compared to those caleulated from data at station P in the anchorage in
1571=1872 [(Johansson and Hopkins, 1973) an average difference of 32% re-
sulted.

The slope of the regression between the productivity index and tem-
perature vielded temperature coefficients [QIDF of 2.04 and 2.47 for the
Anelote Anchorage and River regions, respectively. The Qlﬂ for natural
phytoplankton populations in field meascrements was roported at approxi-
mately 2.3 by Talling (1955) and Williams and Murdoch (1986] and close
to 2.0 by Ichimura (1967). Wassink et al. (1238} and Talling (1957) hawve
shown that the average QlD for light-saturated photosynthesis lies be-

twean 2.3 andg 2.5,

The lack of apparent major influence of water temperature op the
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productivicty index in the Gulf recion i3 puzzling. Fossibly unassayed
nubtrients were limiting in this area. Curl and Small (1965) suggested
that indices less than 3 indicate nutrient depletion, ratios betwsen 3
anc % a bordarline deficiency, and ratios between 5 and 10 nutrient-rich
wilters. This was confirmed by Gloaschenko and Curl {1971) in their subk-
sequont study of Oregon ocoastal waters., Annual averace ratios in the
Anclote Anchorage and River seqions werse well abowe 5, but the ratic for
the Gulf région was olage bo Ehe sugcested critical value of G,

The nutrient cbhservations of Lhe present study do not provide suf-
Ficiernt information to draw conclusions on specific substances which might
limit phytoplankton productivity. Bs stated previously, many bubrients
kngwn to affect primary productivity were not measured. Also, Ryther and
Guillapd (19239) and Loftus, Subka Rao, and Seliger (1572), among others,
emphasize the imporbange of pob basing conclusigns of phytoplankton growth
ob Lnstantanccus nubtrient concentraticons, in view of the presently inade-
guats: understandine of nutrient wutilization and remineralization rates.
Hutrient enrichment and bicassay experiments would seem in order, then,
in future résearch on primary productivity in the Anclote Estuary.

Daily wvariations in photosynthetic capacity of natural marine phyto-
rlankton commynitises bave been reported by Doty and Oguri (1957), Yentsch
and Eyther (1957); Shimada ({1958}, Lorenzen (1963), and Mchllister (L963).
Malone (l971lb) suggested that diuvrnal variations in the productivity in=
dex are related to the size composition of the primary producers and the
evgilability of essential nutrients. In eukrophic tropical wakers both
netplankton and nanneplankton (i.e., phytoplankton retained and not ro-
tained, resposctively, by a net with g mesh aperture size of 22 pm) had

maximum indices in the afterncon. The measurement of diurnal periodicity
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at station ¥ (May 25) yielded a 2% higher preductivity index for the

morning incubation pericd. More data are necessary before a general

statement can be made on diurnal wariations in this area.

Estimated Crowth Rates of the Phvtoplankion

An average growkth rate of the phyioplankton was calculated for owvery
sampling of stations 50, 2, and 13. The procedures uscd has been described
in detail by Bppley (19721, whoe gave the following egquation for calcula-

tions of specific growth rates:
Cq # AC
Co

1
=T log,

where p iz doublings of cell carbon day + and t is the duration of light
maltiplicd by a factor to egual growth during 24 hr (the growth rate is
assumed properéional o the npumberas of hears of light per 24 hy [Eppley,
1%72]). The term Eﬂ iz the initial carbon content of the phytoplankton,
23 measured from cell volume, and 4T is the daily rate of primary pro-
ductivity,; assumed to: represent the net increase in particulate carbon.
The assumption that the 14- method of measuring primary productivity in-=
deed measures net particulate carbon formation has been indicated by
saveral laboratory studies which included twoe ar more independant measures
of phytoplankten agsimilaticn rates (see above).

Estimated phytoplankton growth rates fortthe three stations ranged
frem 0.2 &0 3.5 doublings of cell carbon aay'l, with station 13 having
the highest annual mean rate (Table 12). Seasonal trerds were not clearly
spparent, although relatively high rakes occurred in late spring and early
summer &nd lower than average rates in late summer and f£all.

Epplay (1972) predicted the upper limit of growth rate to be expected

for laboratory culkured unicellular algas at a given tesperature (range:



Tahle 12. Farimated phytoplankton growth rates (doublings of cell

carbon day_lj at stations 50, F, and 13, 1973-1974.

Datea Staticn 50 tatian P Station 13
March 2 1.6 1.7 3.5
April 3 0.8 0.3 1.9
May O 1.1 L.t 2.4
May 23 = 1.8 -
June 7 2.7 2.3 3.0
July & 1.0 2.1 2.3
August 3 a.7 1.9 1.7
September 12 1.0 1.5 1.7
September 18 0.7 0.2 -
Qotoher 3 0.g 1.2 1.7
Hovember 5 0.7 0.6 1.5
Novpmber 27 1.6 1.1 2.8
Decembzar 17 - a.3 2.0
Janyary & 1.1 0.9 3.2
February 5 0.5 1.1 1.4

Mean 1.0 1.3 2.2

53
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3-£0 ) with the equation:

= 0.B51 {1.066)°

where T is the water temperature (g). Estimated growkh rates in the
present study plotted against temperature wers in all cases lowar than
the maximum expected value for that particular temperature. Thiz was not
unanticipated since the samples contained a mixturs of phytoplankion with
different cptimum growth temperatures. Differences in temperature optima
for growth of unicellular alose have been confirmed in tha laboratory
{e.g., Eppley and Sloan, 1%66; Jgrgensen, 1968).

hverage growth rates at stations 50 and I were in close agreemett
with rates caleulated (see Eppley, 1972) for nutriest-rich waters of the
western Arabian Sea (Fyther and Menzel, 1965h) and oFff southwest Africa
tHobeson, 19710, although productivity indices for the Gulf region indi-
cate possible nubrient limitation. The average growth rate at atation 13
in the river, howewver, was considerably higher than other wvalues for na=
tural phytoplankton populations reported in the aAvailable literature.
This discrepancy may arige from an underestimation of cell biomass at
station 13. As previously astared, wvirtually all small phytoplankbton were
lost due to the sample concentration technigue employed. It is zuspected
that samples from stztion 13 contained meore small phytoplankton than
samples from staticons 50 and P (see above). Conversely, primary produc=
tivity rates and chlorocphyll a concentrations on most occasions were con-
giderably higher at station 13, while biomass at this station often was
lower or egual to that at stations 50 and P. ESimilarly, Gibson and Hop-
kinz in 1971 ([Gibson and Hopkins, 1974) found an intermediate biomass for
the Anclote River,. while the average chlorophyll a level was higher than

those in the Anclote hnchorage and the -adgacent Gulf.of Mexico..
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Aneglote Estuary in Comparison to Okher Areas

Primary productivity in swrface waters of the Anclote Anchorage ang
Gulf of Mexico adjacent to the Anclote evs was considerably greater than
that chserved in offshore waters of the Gulf of Mexice and from the south-
west Florida shelf (Tahle 13). El=Sayed (1972) reported lower average
surface phosphate concentrations from offshore Gulf waters and Lrom the
Florida shelf than were measured at the two Anclote regions mentioned
abowve. Further, Habanowa {1966) found surface productivity in the south-
ern part of the gulf to be limited by nutrients.

The Crystal River Estuary, located approximately 75 km north of the
study area, gensrally showed lower productivity than the Anclote Anchorage,
although nutrient concentrations (phosphate and nitrate) often ware egqual
or higher (Gorman, unpubl. data)l. The average chlorophyll a concentration
for the Anclote Anchorage, howewver, was approximately twice that of the
Crystal River Estuary. Also phytoplankton abundance in winter in the
anclote Anchorage was higher. Productivity measured in the Anclote Eiver
was considerably higher than that of the Crystal and Mississippl Rivers.
The comparatively low productivity at the mouth of Crystal River was notb
unexpected in wiew of the high aguifer inpet at its lower porticms. The
productivity of Mississippi River mav bhe low due to the high suspended
load. Thomas and Simmons (19600 found that productivity decreased in the
Mississippl River as the water became more turbid.

The Waccasassa Estuary, 25 km north of the Crystal River Estuary,
had an average surche productivity sipilar to the a&nclote Anchorage BUT
greater than the adjacent Gulf of Mexico (Saville, 1966} . Lewvels of
phosphate were somevhat lower in the Anclote Anchorage as compared to the

Waccasassa Bay, and mltrate in the anchorage was as much as an order of
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magnitude lower. Putnam (1966) suggested that primary productivity in
the Waccasassa Estuary appeared in part regulated by available nitrogen
and ghoschorus. These nutrients were usually in greatest demand in
surmer when photosynthesis was at maxigum. There is some similarity in
regicnal distribution of productivity between the Anclote and Waccasassa
Estuaries. In these areas it gppears that productivity reaches maximum
values at the mouth of the riwvers and decreases seaward and upriver (see,
respactively, Table 5 of the present study and Putpam, 1968). A similay
digtribution of productivity was found by Williams (1988) in 2 system of
shallow temperate estparies in Herth Carolina. In the anclote Estuary
the average concentration of chlorophyll a followed the same regional
pattern as that of productivity, though this relationship was not ohssrved
in the Waccagagsa Estuary. The gauges of increased productivity in the
mouth of the Anclote Eiwver are mot fully understood and reguire further
investigation. Parsons and Takahashi {1973) suggested that high produc-—
tivity in a seawater-freshwater mixing area may be caused by natural en-
richment by nutrients from the river.

Integrated productivity at station P in the Anclote Anchorage during
the warm season exceeded that reported for the other areas listed in
Takle 13. Winter rates at station P, howewer, ware similar to tha lowoest
rates in the upper sections of Tampa EBay and lower than rates listed for
the gcentral Gulf of Mexico during August. The comgaratively low produc-
tivity reported for Tampa Bay is surprising when considering the high
nutrient lewels and the high phytoplankton standing crop reported in this
area by Turner and Hopkins {1974). Integrated annuzl productivity at
stations 30 and F were similar to the mean anmual rate for coastal waters

(approximatiély 370 g O muz} as reported by Kobhlentz-Mishke, Velkowvinsky .
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and Kabanowa (1370). The value for station 13 in the river was considew-

ably greater and approximates annual productivity measured in eutrophie
lakes (Johnsen, Mathiesen, and Rgen, 1262). A similar annuwal value was
also reported from the highly productive Altamaha River mouth in Georgig
by Thomas (19646).

The seasonal cvele of primary productivity in the Anclote Esteary
is similar to general annual patierns chserved in other shallow estuaring
areas (2.49., Steemann Wielsen, 1958; Grgntved, 1940; Ryther, 1963; Put-
nam, 1966; Williams and Murdoch, 1966; Thayer, 1971) in having maximom
productivity during warm periods and minimum productivity during cool
periods. The increased productivity during summer in these areas is bae-
lieved related, in part, to a greater availibility of nutrients through
increased remineralization rates of crganic compounds by heterotrophs at
elevated temperatures.

Chlorophyll a concentraticns (Table 14) in the Anclote Estuary
appear intermediate between those of the nutrient-poor Gulf of Mexico and
those of the enriched upper Tampa Bay regions. The average oconcentration
in the Waccazassa Estuary (Saville, 1968) wascapprodimately the same as
that in the Anclote Estuary, while the average level in the Crystal River
Estuary [(Gorman, unpubl, data), as previously stated, was only half that
in the Anclote Anchorage.

average cell concentrations in Anclote waters during 197341974 were
considerably greater than those in the central and eastern Gulf of Mexico.
Concentrations similar to those recorded at Anclote were found in the
upper regicngs of Tampa Bay and ob the inner southwest shelf of FPlorida
betwaan Pt. Myere and St. Petersturg (Table 15). Cell abundances re-

¢orded in the Anclote River and Anclote Anchorage in early sumer resem=
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bigd those recorded in May in the Mississippi River. As in the present
study, Putnam {(1966) and Gorman {(unpubl. data) found that diatoms were
the most abundant phytoslankton in the Waccasassa and Crystal River
Cstuariss.

A pomparison of phytoplankton bicmasa [Table 18) indicates that the
lawer regions of Tampa Bay were similar to the Anclote Estuarv, whereas
the upper arcas of Tarpa Bay had 2 considerably greater standing crop.
The Anclote Hastuary ie winter, in terms of cell biomasza, was similar %o
the Crvstal River EBEstuary and the central Gulf of Mexico.

The Anclote coastal environment can be described as a “flow-through"
system where the plankton sappled at a particular station may in a period
of 30 days ([sampling interval) have been transported from a distant lo-
cation {e.g., if a net loncshore drift rate of only 0.1 m 5_l is assumed
£60 km can be covered in 30 days). Leipper {1954) describes a counter—
clockwize current system off western Florida which transports nearshare
waters northward with a speed of approximately 0.4 m 5 - during most of
the year. Tt iz assumed, then, that the seasonal patterns recorded in
this study generally apply to vast stretches of coastal environment which
potentially serve as source regions for the phytoplankton collected.

Considering a transport of nearshore waters along the west occast of
Florida, a general similarity could be expected between phytoplankten
measurements in thé Anclote Estuary and cther estuaries of this coast.
Studies in this area most comparable with the present one are those con-
ducted by Putnam (1966) and Goyman (unpubl. data) in the Waccasassa and
Crystal River Estuaries, respectively. In the previcus compariszon it is
found that phytoplankton measurements of the Anclote Estuary generally

were slightly greater than those of the Crystal River Estuary ., while meost
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of the measurements [rom the Waccasassa Estuary compare guite well with

thoze of the Anclote Estuary.
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STUTMMARY

Phytoplankton was investigated monthly from March, 1993 through
February, 1974 at 11 locations in the Anclote Estuary.
The principal phytoplankton genera in terms of ¢ell numbers and bio=

mass were Skeletonema, Chastooeros, and Mitgschia in the summer, and

Fhizosolepia, Leptocylindrus, and Chaectooerss in the winter.

sverage phytoplankton concentrations of 1910, 1420, and 1490 cells
— ]
® 1&6 m T owars measured at station 50, F, and 13, respectively.

Average biomass estimates for these stations were 186, 145, and 102

myCom .

rnnual productivity rates of 420, 170, and 120 g © m_3 were calculated
for surface waters of the Anclofe River, nnclote Anchorage, and ad-
jacent Gulf of Mexico, respectively.

tverage surface chlorophyll a congentrations were 2.5, 6.1, and 5.2

mg mfj, respectively, for these areas.

Frimary productivity and phytoplankton standing crop followed a pro-
nounced seasonal cycle with annual peaks ccocurring during the warmesr
monkhs of June throngh Jdotober.

Correlation statistics indicate a positive, highly significant rela-

tienship (o = 0.01) between primary productivity and surface water

temperature during tha cool seaszoh.

-1, -1
The average regional productivity index (mg C [wmg Chl &) = hr *}

ranged from 0.5 te 14.5 and showed a high correlation with water
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temperature in the Anclote Bnchorage and River. This relationship
was weaker in the adjacent Gulf of Mexico, possibly indicating that
nutrients were more limiting in this area.

The shytoplankton growth rate in Ancloie waters was estimated at 0.2
E 3.5 deuhlings of cell carkon day_l, the highest yearly average
cocurring in the Ancleote River. Clear seasonal trends were npoi
apparent.

Surface productivity in the hncleote Anchorage and adjacent Gulf of
Mexico was greater than that £or the central Culf of Mexico and the
Crystal River Estuary but simllar bto rates in the Waccasasss Estusry.
Productivity rates measured in the Anclote River were considerably
graater than rates of the Crystal and Mississipei Rivers.
Phytoplankton abundance in Anclote surface waters was greater than in
the central Gulf of Mexice but similar to cell numbers recorded for
the inner southwest shelf of the Gulf add the upper regionz of Tampa

Bay.
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