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Summary of Results and Conclusions

An integrafed (laboratory-field) study was carried out to détermine
the short- and long-term effects of forestry operations (clearcutting,
ditching, roadbuilding, draining) in the Tate's Hell Swamp on the water
quality and biota of the Apalachicola estuary. There were indications
that various activities associated with site preparation caused increased
runoff and reduced water quality fn receiving systems. Such effects
were noted in East Bay (East and West Bayous) during periods of high local
rainfall. The study included short- and long-term evaluations of grass-
bed assemblages, benthic infauna, 1itter-associated organiéms, and
epibenthic fishes and invertebrates in East Bay. It alsc included
an analysis of key physico-chemical forcing functions (river flow,
rainfall) and the relationships of such factors with bictic trends in
the Apalachicola estuary over long periods (6-20 years). |

Rainfall and Apalachicola River fiow are important determinants of
bay functions and tend to follow 5-8 year cycles of peak activity.

During the period of intensive biological study (1972-1978), annual

river flow and local rainfall peaked during 1973-75. Important episodic
events during this time included extensive river flooding (winter, 1973),
peaks of local rainfall (summer, 1974 and 1975), and low water temperature
(winter, 1976-77). Salinity in upper portions of East Bay remained low

~ after 1974 despite decreases in river flow and rainfall during thé last

3 years of study. There were general increases in daytime dissolved oxygen
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..and nutrients (N, P) in East Bay relative to the outer system (Apalachicola
Bay). The eastern portions of East Bay were-particu]arly affected by
‘storm water runoff from Tate's Hell Swamp during the winter and summer
months of 1974 and 1975; such runoff caused temporary water quality changes
which included increased color, reduced pH and salinity, and increased
turbidity. These changes were associated with heavy local rainfall and
forestry operations such as qﬁn;tru;tion of roads and drainage ditches and
clearcutting in areas contiguous with the bay. Although such changes do
occur naturally, a comparison of various stations indicated that forestry
operations exacerbated the low quality conditions and contributed to
pulsed influxes of upland runoff through associated estuarine areas.

The exact changes in water quality depended on various factors such as

the timing, extent, and location of clearing operations, the sequence,
Tocation and extent of local rainfall, various {local) drainage
éharacteristics, and revegetation processes in cleared areas. A compara-
tive‘ana1ysis of long-term trends of pH in the upper bortions of

East Bay (West Bayou) indicated sharp decreases of pH in bay areas
affected by upland runoff. These changés were corroborated by water
quality trends in former control areas of the bq}. The relatively
short-term changes in water quality should be viewed from the perspec-
tive of long-term trends of local rainfall, and further work is necessary
to detemmine the long-term implications of forestry operations in Tate's
-Hell Swamp on the Apalachicola Bay system, particularly with respect to
potential cultural eutrophication due to increased dissolved nutrients and

changés in salinity in upper portions ofAEast Bay.
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A laboratory-field effort was made to determine the avoidance ~

reaction of blue crabs (Callinectes sapidus), a dominant species in East

Bay, to highly colored, acidic runoff from cleared portions of the Tate's
Hell Swamp. Blue crabs of two age groups (juvenile, adult) showed a
marked laboratory avoidance response to such runoff (pH 4.6, 5.8) and to
test water with induced reduction of pH. There was significant avoidance
(p< 0.001) of water with pH experimentally reduced to below 6.0;
generally, within a pH range of 4.5-7.0, there was an inverse relation-
ship between pH and avoidance while the color of the water appeared to
play only a minor role in the avoidance reaction. It was concluded that
pH was a primary determinant of the avoidance reaction of this species.
The field data, however, gave divergent results; small crabs reached peak
abundance in areas characterized by tow pH (approximating 4.0 in East and
West Bayous). However, large crabs appeared to avoid areas of the bay
Ahaving low pH, thus indicating a potential avoidance reaction. Factors
other than pH were thought to detennine the field distribution of this -
species. These could include ontological variation in reactions to specific
inhibitors, intraspecific competition and predation, habitat-specific
reactions, and/or differential trophic response to runoff conditions.
Despite the apparent contradiction between the 1aboratory and field
results, avoidance of areas in the bay affected by storm water runoff
ﬁay'wel1 be an impgrtaht:héchanism.in the response of estuarine biota .
to such factors. Data'concerning the blue crab indicate that laboratory
studies without the benefit of associated field observations may be

- misleading when applied directly to impact analysis.
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A comparative analysis of the benthic infauna was carried out to
determine potential response to storm water runoff in East Bay. Seasonal
peaks of infaunal biomass usually occurred during winter-early spring
months (stations 1X, 2, 3, 4, 5A, 5B) and fall months (4A, 6). The
bay-wide infaunal biomass and numbers of individuals tended to undergo
& significant decline over the 3-year period of study; infaunal species -
richness also declined with time, This could have been related to
changes in energy relationships associated with declining river flows
during this period. Area§ associated with grassbeds, marshes, or direct
river flow (stations 1X, 5A, 3) were most productive in terms of
infaunal biomass. Generally, areas in upper East Bay were characterized
by low infaunal productivity; in areas such as West Bayou, relative
dominance was highest and biomass lowest during summer-fall periods of high
local rainfall, reduced salinity, dissolved oxygen, and pH, and high
femperature. Numbers of individuals, biomass, relative dominance, species
richﬁess;and species diversity of benthic infauna reflected short-term -
changes in water quality that were directly related to upland forestry
activities and the incidence of intense local rainfall. These changes
uere-temporany, and there was a relatively rapid recovery of the infaunal
assemblages with time, Again, short-term fluctuations should be viewed
within the context of the long-term variation of the principal physico-
chemical forcing functions, trends in the overal]l _groductivity of the bay
system, and the reaction of the infauna to stress.whiéh %s.natural to upland
portions of the bay. -

An experiment was carried out in East Bay in 1974 to determine short-

term changes in assemblages of organisms associated with leaf-litter as a
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response to alterations of water quality. Stations influenced by runoff
from local rainfall (5A) were compared to river-dominated (3) and barrier
island (1X) areas. Salinity and temperature were primary determinants

of the spatial and temporal distribution of the litter-associated fauna,
which was dominated by various forms of small crustaceans (amphiqus,
decapods, etc.). Increased salinity was closely associated with increases
in most of the biological indices. The lowest numbers of such organisms
occurred during the late summer of 1974 at station 5A and was attributed
to stress due to low water quality associated with heavy local rainfall.
In this area, there were decreases in species numbers, Margalef richness,
and species diversity. Recovery of the biota was reiatively rapid with
increases in all biological parameters during the following fall period.

Grassbeds {daminated by Vallisneria americana) in upper East Bay

(station 4B), receiving runoff fram areas affected by forestry activities, -
were also studied from November, 1975 through October, 1976. Temperature

was the principal Iimitihg factor for Vallisneria production and productivity
of grassbeds affected by upland runoff-did not appear to differ from that

in control areas. Invertebrate biomass and abundance in Vallisneria beds

were dominated by the gastropod mollusk Neritina recljvata and various

comminity indices were affected by such dominance. Peak animal biomass in
such areas occurred during spring (Mérch-May) and late fall (November-
December), and was as;ociated with seasonal changes in Vallisneria growth
and death. However, increased runoff caused short-tem reductions in

the grassbed fauna in West Bayou relative to Round Bay. There were indica-
- tions that the benthic macrophytes buffered rapid changes in water quality

parameters such as pH, and that this could have been responsible for the
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observation of little adverse impact of storm water runoff on the grassbed
assemblages of East Bay.

An intensive sampling program was carried out to analyze the short-
term responses of epibenthic fishes and invertebrates to episodic influxes
of storm water runoff in upper East Bay during summer-fall periods of
1976 and 1977. Rapid changes in salinity and reduced water quality
(Tow pH and dissolved oxygen, high color) led t& imediate, short-term
decreases of numbers of dominant fishes and invertebrates., This should
be viewed within the context of seasonal and annual fluctuations of indivi-
dual populations, changes in various external forcing functions that are
unrelated to the storm water runoff, and the relatively Tow level of
local rainfall during the 1976-77 period of study. However, short-term
decreases in fish and invertebrate species richéess and diversity indices
were directly associated with patterns of episodic rainfall and known
changes in dp1and areas affected by forestry operations. Such episodic
influxes of ]ow-qua]ity‘runoff reduced the numbers and biomass. of key

nurserying species such as white shrimp (Penaeus setiferus) although

species-specific reaction to runoff (e.ﬁ., of C. sapidus, as noted above)
precluded broad generalizations. Various changes in population and
community functions were reviewed within the context of seasonal varia-
bility and the influence of key physico-chemical factors such as
temperature, salinity, river flow, local rainfall, sediment or substﬁﬁtgh
type, and upland conditions. Maximal a&verse impact of storm water ﬁghoff
on the habitat of nurserying populations occurred during periods of peak

. estuarine productivity.
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The overall impaét analysis was viewed in the context of long~term
biotic trends in the Apalachicola Bay system. Since 1975, there has been a
general decrease of varfous biological functions of epibenthic assemblages.
This could be associated with annual fluctuations and jong-term cycles of
river flow and organic matter in the bay system. Productivity peaks for
fishes and invertebrates occurred during 1974-75. This included various
comnunity indices and individual populations of penaeid shrimp and blue
crabs. Close correlations of long-term commercial catches in Franklin
County (oysters, blue crabs, penaeid shrimp) with annual levels of
Apalachicola River flow corroborated the importance of river flow to
overall bay productivity. Six-year trends of fish and invertebrate
commuqity indices in eéastern portions of East Bay differed from those in
other portions of the estuarine system or the system as a whole. Areas
receiving drainage from the Tate's Hell Swamp did not show peaks during
the 1974-75 period of generally high bay-wide productivity. Such changes

in the long~term biotic—trends were related to episodic shocks of low
quality runoff from Tate's Hell Swamp during this period.

The data indicate that forestry bﬁerations in wetlands systems can
cause severe short-term declines in water quality which caﬁ then have
adverse effects on the aquatic biota in receiving areas. In upper portions
of East Bay, this is actually an exacerbation of natural stress caused by
rapid changes in key physico-chemical functions. While such effects appear
to be short-term, depending on patterns and intensity of local rainfall,
the impact occurs during seasons and years of peﬁk estuarine productivity.
- Also, certain long-term trends that may affect the salinity and eutrophication

potential remain poorly defined and deserve further attention, Revegetation
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appears to be an important factor in the temporal aspects of impact,

and permanently cleared areas could contribute to chronic reductions of
bay produ;tivity through periodic habitat destruction and impairment

due to influxes of Tow quality runoff water. Management objectives should
include efforts to minimize the flashiness of runoff associated with
upland development and to eliminate situations whereby such water (of
natural or anthropogenic origin) is flushed directly into areas of high

aquatic productivity.
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I. Intrﬁ&uction

Scientific background

There is 1ittle published information on the effects of upland
clearcutting operations on estuarine biota. Watershed alterations due to
timber opérations have been noted in various areas (Tebo, 1955; Hewlett
and Hibbert, 1961; Swank and Douglass, 1974). The Iong;tenn studies in
the Hubbard Brook Experimental Forest (New Hampshire) have led to a series
of papers concerning geology and hydrography (Likens et al., 1967; Johnson
et al., 1968, 1969; Hornbeck et al., 1970), nutrient relationships (Fisher
et al., 1968; Bormann et al., 1969; Likens et al., 1967, 1972; Hobbie and
Likens, 1973), and various effects of forest cutting (Bormann et al., 1968;
Likens et al., 1969, 1970; Smith et ai., 1968; Pierce et al., 1970;

Hornbeck et q]., 1970). Clearing operations were associated with significant
changes in the quantity and quality of runoff water; During the first

2 years after clearcutting, such flow exceeded the expected by 33% the first
year, and 291 the second. There were also substantial increases in stream
water of various major ions and nutrients. The weighted average pH

| dropped by 0.8 units subsequent to clearcutting.

Various studies have determined the highly complex contributing factors
to rainfall-runoff relationships. Following a rainstorm, there is surface
drainage and lateral movement of percolating water in soil (Barns; 1940),

with relative flow rates that depend Targely on watershed characteristics.



Forest cover tends to control such flow and is responsibie for lateral
mdvement through interception, infiltration (basin recharge) and
evapotranspiration (Sokolovskii, 1968); this process is modified by anteéedent
soil water capacity as a function of the intensity and distribution of
previous rainfall. Lull and Reinhart (1972) showed that the porosity of
litter and humus usually causes high infiltration rates in a forested
system, which is also a factor in reduceq water yield due to high evapo-
transpiration (Ziemer, 1964; Harr et al., 1975). Clearcutting thus causés
increased runoff (Hewlett and Helvey, 1970; Lull and Reinhart, 1972)
because of insufficient storage ability of the affected soils (Lull and
Reinhart, 1972; Hornbeck, 1973). Roadbui?ding and associated ditching
also contribute to 1ncreased runoff and erosion of the cleared areas
because of increases in compacted (i.e. less permeable) area and channeli-
zation of the flow. Often, the drainage area itself is expanded relative
to immediate flow into receiving systems. Thus, past studies indicate that
deforestation leads to increased runoff due to the reduced capacity of the
system to intercept the flow. In addition, there are changes in rates of
evapotranspiration and an inhibited infiltration ability of the resident
soils (Patric and Reinhart,.1971); these changes can cause increased water
yields of up to 40 cm of water in clearcut areas (Heikurainen, 1965;-
Satterlund, 1965). Howeber, downstream areas may show reduced effects
because of channel siorage and lag (Helvey, 1970). System-specific
variability would quaiify genera]iiation from one area or
region to another. '

Water quality is often altered by deforestation. There is sometimes

Tncreased erosion leading to high levels of suspended solids in runoff




(Packer, 1965; Dickenson et al.,.1967; Lull and Reinhart, 1972), which can
cause direct injury to aquatic life (Phillips, 1971) and/or indirect effects
such as spawning inhibition (Phillips, 1971) and reduced primary prdduc-
tivity. Benthic biota can be inhibited and, in addition to increased
nutrients, there can be reduced levels of dissolved oxygen in receiving
areas. These changes, in addition to Tow pH, can cause.problems with
respect to benthic and column productivity. Marine organisms are generally
not exposed to reduced pH, although fresh and brackish water organisms

may be periodically affected by low pH under natural conditions. The
lethal limit for fishes may approximate 5.0 (Bishai, 1960; Jones, 1964).
According to the European Inland Fisheries Advisory Commission (1969),

pH levels below 5.0 can cause considerable reductions in the productivity
of aquatic systems. Juvenile populations can be highly sensitive to Tow™
pH (Lloyd and Jordan, 1964; Kwain, 1975), which can cause variation in
reproduction effectiveness, population structure, and fish distribution
(Powers, 1941; Collins, 1952). According to Calabrese and Davis (1967),
oyster {Crassostrea virginfca) eggs require a pH range of 6.75 to 8.75.

ince pH is only one of the parameters affected by upland runoff (in
additionrto color, turbidity, salinity, etc.), such laboratory observations
concerning pH remain oversimplified with respect to the impact of upland
runoff_ﬁn-estuarine systems. Although such episodic changes in estuaries
have been considered as a source of stress, the exact impact of runoff on
estuarine systems attributable to upland clearcutting activities remains
undocumented in the scientific literature.

During the winter and early spring of 1974, there were visible changes

in water quality in East Bay with considerable increases in the water color.
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There were reports from commercial fishénnen that extensive areas of
Tate's Hell Swamp (Fig. 1) had been clearcut, plowed, ditched, and drained
into several creeks (Whiskey George, Cash, Sandbank, High Bluff) that lead
directly into East Bay. Subsequent investigation indicated that much of
the upland area is owned by pulp interesfs (Fig. 2), ahd that thousands
of acres of the swamp had been clearcut since 1968; from 1970-74, much
of the cleared land was above and immedfately adjacent to East Bay
(Fig. 3). The clearcut lands were largely drained by canals which
emptied directly into the above named creeks. A general view of the
areas invoived is shown in Fig. 4, while variqus portions of the clearcut
areas are shown in Figs. 5-8. In addition, such areas were routinely
fertilized (phOSphaté-base) during the winter.

Together with personnel from a local paper-pulp mill, a field
- trip was made in the Tate's Hell Swamp. Water samples were taken in various
drainage areas (Fig. 9, Table 1). At the time (summer of 1974), exten-
sive rainfall occurred Tocally and was evident in the runoff from the
upland areas. Turbidity was relatively low while color levels varied
with location. Although too few data were taken for a definitiQe study
of the upland drainage features, certain trends wére evident. The lowest
color values were found in areas adjacent to recently cutover forests;
several of these ditches drained direétly into East Bay. O%ten, such
fields were littered with wood particles. Observations made during
-rainstorms confirmed that extensive quantities bf highly colored water
washed off the cutover fields and directly entered the various creeks_
in the East Bay drainage system. Thése observations indicated that newly

. cleared and ditched areas were subject to substantial runoff and that



the color of such runoff was higher than that from adjacent natural swamps .
Local reductions in pH were also evident. _

According to a recent study of the effects of forest management on
Apalachicola Bay (Hydroscience, Inc., 1977), the following findings and

conclusions were made:

1. Ditching does not drastically affect the quantity of runoff.
There is 15% increase in direct runoff during the first year
after clearcutting (2.8 inches compared to a range of .liter-
ature values from 1.3 to 17.7 inches).

2. Clearcutting and site preparation cause increases.in nitrogen,
coelor, pH, and suspended solids and decreases in dissolved
oxygen. Beyond month ten (after clearing), impact on most
water quality variables is minor although tota) nitrogen
and dissolved oxygen are affected for at least 22 months.

3. MWatershed characteristics were changed by road construction
and drainage ditches with major impact in the Cash Bayou
drainage basin in terms of increased drainage area and
extensive clearcutting from 1970-1974. It was here that
the water yield increased the most (estimated 60% greater
than natural yield).

4. Short-term (several weeks) water quality effects were noted
following fertilization or clearcutting with maximum
color impacts noted for Cash (station 5C) and West (station
5B) Bayou basins as a result of clearcutting. Such impacts
were sustained for 10 weeks following clearcutting while
impacts on nitrogen and phosphorus were sustained for 15
weeks following clearcutting.

5. Overall, water quality impact due to forestry management
was confined to Cash and West Bayous as concerned salinity,
color, total nitrogen, and total phosphorus. Cash Bayou
salinity decreased by less than 10% while color increased
by 202, Such increases were considered small compared to
the natural range of these variables in the bay. .

6. Salinity impacts on penaeid shrimp were insignificant.
Clearcutting did cause increased levels of suspended solids
and decreased dissolved oxygen which was most evident during
periods of high runoff. Clearcutting had no effect on pH
levels in the bay.



7. The bayou areas are nursery grounds for a number of fish
and invertebrate species. There were no significant
differences in the species composition and abundance of
Cash and West Bayou when compared to other parts of East
Bay. Although such bayous had a distinctive species com-
position, it was not clear how changes in water quality due
to forest management may have affected the biota. The
biological sampling program did not reveal a aramatic impact
attributable to local runoff although a more extensive data
base is needed before any definitive statement could be
made regarding biological impact.

8. Runoff from recently clearcut areas inhibited the feeding

response of pinfish (Lagodon rhomboides) and grass shrimp
. (Palaemonetes pugio).  Such inhibition occurred for

pH levels below 5 and was diminished considerably after
aging 2 to 5 days. Runoff from an undisturbed forest area
caused greater inhibition of the feeding response of grass
shrimp than runoff from clearcut areas. Thus, it appears
that forest management is not responsible for this inhibition.

9. "Overall, present management practices do influence the

quantity and quality of runoff from the Carrabelle area.

-However, the water quality of Apalachicola Bay is confined

to Cash and West Bayous. The subsequent impact on the

aquatic biota of this area cannot be distinguished with

the available data base.”

| 'An integrated laboratory-field study was carried out to determine

the potential short- and long-term impact of forestry operations in Tate's
Hell Swamp on the biota of the Apalachicola Estuary, including a series of
Taboratory experiments {avoidance bioassays). Six years of Field collections
ﬁere completed, in addition to special projects designed to test
hypotheses concerning the influence of land runoff from Tate's Hell
Swamp on the East Bay system. This included an analysis of grassbed

(Vallisneria americana) assemblages, benthic infauna, litter-associated

organisms, juvenile (epibenthic} fishes and invertebrates, and larger
fishes. Short-term (day-months) and long-term (years) trends have now

been analyzed and are presented in this report. As part of this program



an area of the Tate's Hell Swamp was monitored for water quality before,
during, and after a clearcutti ng operation. This clearcutting experiment

was carried out with the help of Jocal forestry interests.
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TABLE 1

Physico-chemical monitoring in upper portions of Tate's Hell Swamp drainage
leading to East Bay (30 July, 1974). Stations are shown in photographs (Fig. 9).

Station (Station Description) Temp. D.0. Color Turbidity Salinity

SH Natural swamp area -- 31 5.8 280 3 0

uncleared

5F Drainage from 6 year 32 7.2 155 3 0
old plantation |

5J Drainage from area cut 32 5.2 325 2 0
3 years ago and planted
3 years ago

56 Cut 1 year ago and 32 6.4 1260 2 0

: planted 6 months ago :

5K Cleared and ditched 32 5.0 350 6 0
30 days ago

5L Ditch running into Cash 31 5.2 600 5 0

Creek -- drains recently
cleared and plowed lands

S Ditch running into Cash 31 5.6 310 4 0
Creek -- drains recently - .
cleared and plowed lands



i2

Fig. 1: The Apalachicola Bay System showing oyster bars, marshes, and
station placement for field collections in the bay and upland
areas. Also shown is the experimental clearcutting area in

the Tate's Hell Swamp.
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Fig. 2: Map showing the extent of paper-pulp interests in the Tate's
Hell Swamp. | |
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Fig. 3: A rough approximation of clear-cut areas in the Tate's Hell Swamp-
in chronological order (1969 - 1976). Map and information are
supplied by a local paper-pulp mill (talter L. Beers, Jr.,

pers. comm,).
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Fig. 4: LANDSAT photograph of the Apalachicola Valiey (April, 1976)

| showing extent of cleared areas in the Tate's He11 Swamp
(photo supplied by the National Aeronautics and Space
Administration).
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Fig. 5: Clearcut portion of Tate's Hell Swamp with East (Cash) and
West Bayous and Round Bay in the background.
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Fig. 6: Ditches draining clear-cut area in Tate's Hell Swamp into

upper reaches of the West Bayou System.
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Fig. 7: Close-up of drainage into the West Bayou System.
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Fig. 8: Close-up of drainage into West Bayou showing the "plug"
between the drainage ditch and the Bayou and the actual
connection (to the right) which leads directly into the

natural system from upland clear-cut areas.
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Fig. 9: Photographs corresponding to water quality stations (Table 1:
S5F-5M) in Tate's Hell Swamp (30 July, 1974). This includes
natural swamp (5H), newly cleared (5K) and ditched (5L, 5M)
areas, recently planted areas (56), and 3-year (5J) and 6-year

(5F) plantations.
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II. Maferia?s and Methods

Station placement

Permanent stations (Fig. 1, Intreduction) were established in

several ways. The original station determinations were based on diving
surveys and analysis of previous studies. There was an ef%ort to
sample representative habitats in the bay. Additional stations were
added as new studies were undertaken to answer other questions or test
different hypotheses.

Sediment analysis

Sediment samples were taken with a corer (d. 7.62 cm) monthly
from March, 1975 through February, 1976. This sampling was carried out
at fixed stations around the bay. Analyses were conducfed on the top
5-10 cm of each core,

Two established methods were used, including. a. standard geological
analysis which eliminates biological functions. At monthly intervals,
a sample of 50-150 g was wet-sieved through a series of U. S. Standard
sieves, Each fraétion was dried at 100°C for 24 hours and weighed.
Sieve-class weights were then used to construct cumulative percent
. particle size curves (Imman, 1952) on arithmet%c probability paper.

A second analysis involved a supplementary subset of the above sampies
(Ingram, 1971). A 30-50 g sample was dried at 100°C for 24 hours and

. then treated with 10% HC1 for 12 hours to remove carbonates. After

30
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redrying of the sample, orgénic matter was removed by treatment with

30% Hy0pfor 12 hours. The sample was then dried, and dry-sieved through
a series of sieves on a mechanical shaker for 30 minutes. Sieve class
weights were analyzed by the method of moments {(Folk, 1966) using a
-computer program developed by J. P. May (Dept. of Geology, Florida State
University}. Sediment organic matter was analyzed monthly by drying a
subsample at 100°C for 24 hours and ashing at 500°C for 4 hours
(Cummings and Waycheck, 1971},

Physico-chemical determinations

Surface and bottom water samples were taken monthly at fixed stations
in the Apalachicola Estuary (Fig. 1) with a 1-1iter Kemmerer bottle.
Dissolved oxygen and temperature were measured with a Y. S. I. dissolved
oxygen meter and a stick thermometer. Salinity was taken with a tem-
perature-compensated refractometer calibrated periodically with standard
sea water. All pH measurements were made using several field metering
devices. River flow data taken at Blountstown, Florida were provided by
the U. S. Amy Corps of Engineers (Mobile, Alabama). Computerized
- sunmaries of the river data were provided by Mr. Roger Ruminick of the
U. S. Geological Survey (Tallahassee, Florida). Llocal rainfall,

wind, and air temperature data were provided by the National Oceanic

and Atmospheric Administration (Environmental Data Service;_Apalachicola,
Florida). East Bay rainfall information was provided by the East Bay
. forestry tower. Turbidity was determined using a Hach Model 2100-A
turbidimeter and was expressed as Jackson Turbidity Units (J.T7.U.). _

Water color was measured using an A.P.H.A. platinum-cobalt standard test. .
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Light penetration was estimated with a Etandard Secchi disk. Data con-
cerning chlorophyll a, orthophosphate (inorganic, soluble, reactive),
nitrite, nitrate, and silicate were provided through a Florida Sea Grant
Program directed by Dr. Richard L. Iverson (Department of Oceanography,
‘Florida State University); these paramefers were measured according to
standard procedures (Livingston et al., 1974).

Biological sampling

Chronic laboratory (avoidance) bioassays

Laboratory avoidance experiments were conducted in a Y-maze avoidance
trough from January to September 1975. The trough tests the reactions
of animals to steep gradients of water quality parameters. The apparatus
was housed in a sound-proof plywood room with two 1.2 m (4 ft.) 40 watt
fluorescent bulbs installed 1.3 m (4.2 ft.) above the Y-maze. A
television camera and monitor were used to observe and record crab
movements in the trough.

Control (normal) water for the avoidance experiments was taken from
station 3, located at the southernmost limit of East Bay, a part of the
-Apalachicola Bay System (north FloriQa,'USA) (ng. 1). The primary
source of this water was the Apalachicola River, which is considered
to have a major influence on the environmental conditions of Apalachicola
Bay (Livingston et al., 1974). The experimental "dark" ruﬁoff was taken
from Sand Bank Creek (near 5C, ?ig. 1) which drains.adjacent clearcut
_areas and empties directly into the upper marg%ns of East Bay. Water
from both areas was placed in permanent 3600 liter plywood storage tanks
where it was requ]ed through dacron filters. All water was stored for
~at least 24 hours before being pumped to a deiivery system adjacent to

the test room (Fig. 2).
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A1l experiments were carried out during the day (0900-1800 H) under
controlled conditions of temperature, dissolved oxygen, pH, and light
intensity. Water quality parameters were determined using a mercury
thermometer, a temperature-compensated refractometer, a colorimeter

(APHA-Platinun-Cobalt Standard test; APHA, 1971), a model 2100 A
turbidimeter, an oxygen meter, and a portable pH meter.

Small {20-60 mm wide) and large (60-140 mm) blue crabs, Callinectes
sapidus Rathbun, were tested for avoidance. Crabs wére taken witha 5m
(16 ft.) otter trawl from station 4A in East Bay (Fig. 1).- Crabs were
transported to the Marine Laboratory at Turkey Point (about 50 km east
of collecting site), placed in aerated aquaria with undérgrave] oyster
filtration, and accfimated for 6 to 12 ﬁours prior to testing.

Small crabs were tested for one hour in groups of ten whereas the
larger crabs were tested for 30 minutes and singly to aveid disruptive
social interactions. Crabs were removed from the aquaria and placed in
the holding area of the Y-maze (Fig. 2) for a 10 minute écciimation
period. A barrier was then remotely raised and crabs ueré presented
‘with a choice between two types of water {control and experimenfal).
Halfway through each experiment (30 min. with the small crabs, 15 min.
with the larger ones), the two types of water flowing into the trough
were transposed to avoid effects of preferential selection'of the
trough arms. Any large crabs not movfng out of the holding area within

.§¢n=minutes were discarded. All crabs were measured and sexed after
each.experiment. _

Experiments were run initially with control water and with highly

' +., colored (acidic) runoff fron‘the.pplénd creek. Subsequently, the effects
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of pH alone were tested in a series of experiments in which control water,
its pH reduced to levels approximating those in the field through the
metered addition of dilute (0.5-10% V/V) hydrochloric acid (Fig. 2), was
substituted for the experimental runoff. This acid had been used previously
‘for such purposes because it is highly &issociated and its anions -

have low toxicity (Jones, 1947, 1948; Bishai, 1960, 1962). Additional

tests were made with the large crabs td determine the influence of

water color alone. These involved buffering the expérimental runoff

to a pH equivalent to the confro! water by the addition of-dilute

NaOH (1% V/v).

The avoidance responses of the small crabs were evaluated with the
test statistic Z, which tests for the equality (null hypothesis) of two
binomial proportions (P1, P2, below) (Remington and Schork, 1970).
Avoidance was indicated when the number of crabs in the control arm at
the end of the first 30 minute interval (immediately before transposing
the test waters) was significantly larger than that found in the same
arm, under reversed conditions, at the end of the second 30 minute

~interval. This results in a high Z value and the rejection of the
nmull hypothesis. Net significant avoidance was computed by the following
formula:

Avoidance Index (Al) = E;fggix

100
whgre:

p] = No. of crabs in the control arm at the end of the first 30 min. interval
No. of crabs in both arms at the end of the first 30 min. interval

:TNo. of crabs in the experimental arm at the end of second 30 min. interval

P2 = No. of crabs in both arms at the end of second 30 min. interval



35

Crabs in the holding area at the base of the Y-maze were excluded
from the counts. Because of the technique of transposing the flows
of water halfway through each experiment, the results test the éffect
of the type of water (control, experimental).
| The threshold pH level for the small crabs was calculated by
regressing the mean avoidance indices (%) on pH and then extrapolating
for the pH value which elicited avoidance by 50% of the crabs (Al = 50%).
A confidence interval for each point in the regression line was computed
by Daniel and Wood's (1971) formula. ‘

Avoidance by the larger crabs was measured as the amount of time
spent in the control water és a percentage of the total test time of
30 minutes (minus the time spent in the holding area). Values higher
and lower than 50% indicated avoidance and preferehce, respectively.
A one-way analysis of variance tested statistical differences between
time-responses of the large crabs.

Standards of measurement in field collections .

A1l field samples (biological) were analyzed in the laboratory ac-
"cording to established methdds. Organisms were routinely counted and
measured (whére possible: standard Tength for fishes, carapace width
for blue crabs, etc.). Weight conversions were also made as described
by Livingston et al. (1977). |

Dry weights were obtained by oven-drying samples for 48 hours at
- 105°C. Ash-free dry weights were obtained by %gnition of the specimens
in a muffle furnace for 1 hour at 550°C. Preliminary samples indicated
less than 1% error was introduced by reducing the ignition time from the

- recommended 3 hours (Cummings.and waféheck, 1971) to 1 hour.
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Linear regression equations utilizing a log-log (natural logs)
transformation were calculated for each species where data were available.
These were calculated according to the following general equation:

In (weight*) = In {Jength**)a - b

‘where:
a and b = regression coefficients
*weight = dry weight (fishes)
= ash-free dry weight (invertebrates)
**length = standard length (fishes)

total or carapace width (invertebrates)

For those invertebrate species where no length or width measurements
were taken, a representative grouping according to size was dried and/or
ashed; a single meaﬁ weight ﬁer individual was given for that species.
For those species c911ected s0 rarely that no Tength-weight relationship
could be established, regression equations or average weights of similar
species (similar body shape, size, etc.) were substituted.

Benthic infauna

Permanent stations were chosen in established areas of study (Fig. 1; 1,

-1X, 3, 4, 4A, 5A, 6). A hand-operated corer (d. 7.7 cm) was uﬁed and 10

subsamples were taken monthly to depths of 15 cm at each station (1, 1X, 3,

6: from March, 1975 to February, 1976; 4, 4A, 5A, 5B; from February, 1975 to

present). All samples were washed through a 0.5 mm screen'and fixed in 10%

formalin. Rose bengal was addeﬂ at a-concentration of 200 mg/1 (Mason and
_Yevich, 1967). Animals were rough-sorted and blaced.in 40% isopropyl alcohol,

identified to species, and counted. Biomass (ash-free dry weight) was deter-
mined by oven drying each sample at 100°C for 12 hours, then, after weighipg it,
. heating it at 500°C for four hours. ‘Standard determinations for each species
were'madé using 100-200 inqividuals for' computations of mean dry weight/

individual. This was then used for all conversions to biomass.
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Leaf 1itter assemblages

"Stations were established on the basis of previously determined
salinity regimes (Fig. 1). Station 5A, a predominantly freshwater
habitat during spring and early summer, is characterized by salt water
‘intrusion during late summer and fall'périods. Station 3 is a river-
dominated area with freguent increasés in benthic salinity during summer
and fall periods. Station 1X has re]aiively high salinities throughout
the year except during periods of high river discharge when intermediate
salinity levels pfevail. -

Experiments in the field were carried out with specially designed
detritus baskets. These baskets were constructed of plastic-coated
hardware cloth (6.5fnn2 mesh) shaped into cubes (30.5 mm/side) with
hinged tops. An inner fiberglass screen liner (2-mm2) covered the
sides and bottom of each basket. This allowed organisms access to
the inside of the basket; when the basket was pulled to the surface,
organisms were trapped inside. Baskets were weighted for stability.
Leaf litter was collected along the banks of the lower Apalachicola

-River. Species composition of this 1itter was mixed, but it consisted
primarily of water oak (Quercus nigra), over-cup oak (Q. lyrata), red

maple (Acer rubrum), and sweetgum (Liquidambar styraciflua). The leaves

were air dried and placed in baskets (400 g dry weight peribasket), which
were then situated at the Various sampling sites. Sampling times were
.'set according to seasonal fluctuations of key enviromental parameters

in the Apalachicola Bay system. Three periods were chosen (spring,
April-May; summer, August—Septembér; fall, October-November). During

" the spring series, seven baskets {containing leaves) and two controls
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{containing no leaves) were placed at sfations 1X, 3, and 5A. At weekly
intervals over a four to six week period, the haskets were retrieved

and rinsed in a bucket of sea water. Duriﬁg each sampiing, leaf matter
was removed, placed in the water a second time, and swirled to remove
'a11 organisms. The leaves were thén reﬁ]aced in the respective baskets
and returned to the bay. Organisms in the buckets were strained through
a 297 micron sieve, washed into jars, and preserved in 10% formalin,

In the laboratory, they were identified to species, counted and weighed
(wet weight). Ash free dry weights were determined as described above.

Multiple samples (7) were used to evaluate the method of collection.

A composite species accumﬁlation was determined. Each point represented
the mean number of sbeciés found in the 7 subsamples taken at weekly
intervals from 9 April to 14 May. In each instance, an asymptote of species
accumulation was reached by the fourth sample., Further analysis was carried
out using a modification of a program described by Livingston et al,
(1976). At each sampling period, fifty random draws were made of the

7 possible combinations of species. Numbers of species accumulated with
- each sample were averaged and plotted as a percentage of the total number
of species taken for the 7 samples. The cumulative distribution function
showed that at station 3, between 90 and 95% of all species were taken

by the fourth sample. At st;tion SA,_these figures rangedjfrom 80 to

97% during the sampling period with asymptotes routinely established by
. the fourth sample. An analysis was also made of the variability in the
determination of total numbers of individuals (N) taken within a group
of subsamples. Analysis of variance of N was determined from week td

~ week. A theoretical standard error was ca]cuiated with confidence
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1imits established to determine variatfon by sample ( §§§:-x 100%) for

a given set of samples., This permitted a comparison of the true mean

of  any number of samples with the mean for the total number of samples
(42). At station 5A, four samples of a given time period were within
‘t30.8% of the mean (p < 0.05); At stat%on 3, the ANOVA results indicated
marked differences in N from week to week. Consequently, data were
analyzed on a weekly basis. The four éamples taken in each period were
within ¥51.02 of the mean {(p < 0.05). Thus, the data indicate that in
terms of the number of species taken in a given set of samb]es, by the
fourth sample, a representative S value was achieved at each site. At
station 5A, relatively uniform N values were noted from sample to sample,
so that four samples would again allow adequate sampling effort. However,
at station 3, because of higher variability of N, more samples were
necessary to achieve the same confidence level. Based on these data,

it was determined that four samples were adequate for amalysis. All
further operations were carried out using sets of four Baskets fﬁr

each collection.

- Grassbed assemblages (East Bay)

Macrophyte samples were taken in two grassbed areas (stations 4A

and 4B; Fig. 1). These areas were dominated by Vallisneria americana.

A detailed analysis of sampling criteria is given by Livinéston et al.
(1976). Samples were taken monthly from November, 1975 to October, 1976.
. Vegetation was sampled by haphazardly throwing'a 0.25 m2 hoops at each
station and gathering all plant matter within each hoop.. The plant |
matter was placed in plastic bags, and the samples were taken to the

. laboratory, where they were washed, sorted to species, and identified.
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Collections were dried in ovens at 105°C for about 12 hours (until there
was no further weight loss}. Total (whole plant) dry weight for each
species was determined and recorded by station, and data were entered
into the computer files as biomass (dry weight)/mz.

The species Vallisneria americana composed 99% (+) of the overall

biomass. Consequently, an effort was made to estimate the productivity
of this species from periodic standing crop measuremehts according to
a method described in Livingston et al. (1977). Vallisneria, as a peren-
nial, dies back in the late fall of each year. Minimal biomass was
determined by averaging the dry weight figures taken during the dormant
pericd (i.e. the winter months) and subtracting this from (summer) bio-
mass figures at each station. The confidence 1imits were broad because
of extreme seasonal and spatial variability; maximal biomass for station
4A was calculated from June rather than September (which is when biomass
peaks were actuaily observed). |
Physico-chemical data were taken according to methods described
earlier in this report. Sampling for grassbed organisms was carried out
“jn identical fashion at stations 4A and 4B during the day and the
succeeding night (about one hour after sunset). Six one-minute trawl
tows (at speeds of about 1.5 knots) were made using a 32 cm dredge-
. net (D-net) (nylon bag: 1 mm mesh) for benthic sampling and a 30 cm
plankton net (1 mm mesh) for the surface biota. Sampling was carried
. out in such a way that the same volume of wate} (15 m3/6 samples) was
sampled by each net. All organisms were preserved in 10% formalin in
the field and later washed and transferred to 40% isopropyl alcohol in
- the laboratory. Samples were sorted, identified to ‘species, measured,

and counted,
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Short-tern changes in epibenthic fishes and invertebrates

“Apalachicola Bay seasonally undergoes considerable biological
changes due in part to variability of physico-chemical parameters.
Peak levels of productivity occur during specific periods (Livingston,
1976; Livingston et al., 1976). A seveﬁ month sampling period (May-
November) was chosen to coincide with increased rainfall and periods of
peak productivity to study the short-term effects of the increased
input of highly colored, acidic runoff on the epibenthic fauna
of East Bay. This sampling program was designed to test the immediate
response of the bay to upland runoff, and was carried out over a 2-year
period (1975-1977). Thus, regular collections were supplemented with
intensive sampling efforts during periods of precipitation.

Day and night co]Tebtions at stations 4A, 5B, and 5C were taken
following periods of intensive rainfall using a 5 meter (16 foot) otter
trawl (1.9 cn wing mesh and 0.6 cm mesh liner) at speeds of 2-5 knots.
During dry periods, coliections were taken at least every two weeks for
baseline data. Seven repetitive 2-minute trawls were made at each
- station. This trawling technique has been proven adequate for represen-
tative sampling by Livingston (1976). Fishes and invertebrates were
preserved in 10% formalin solution for later identification and measure-
ment. Fishes were measured by standard length, shrimp fruﬁ tip of telson
to end of rostrum, and crabs were measured laterally across the carapace.
. Snails and bivalves were counted. '

Surface and bottom physico-chemical parameters (dissolved oxygen,
temperature, pH, salinity, depth, and 1ight penetration mgasured by

. standard Secchi disk) were taken at éach station prior to trawling.
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Water samples (top and bottom) were collected with a 1-liter Kemmerer
bottle for color and turbidity analysis. Wind direction and velocity
were estimated and relative tidal changes recorded. Local precipitation
was obtained from the East Bay forestry tower and river flow from the
Army Corps of Engineers (Mobile, Alabama).

Long~term changes in epibenthic fishes and invertebrates

Biological sampling was carried out in the bay at fixed stations
(Fig. 1) with 5-m (16 foot) otter trawls (1.9 cm mesh wing and body; 0.6
cm mesh liner) towed at speeds of 2.0;2.5 knots. The determination of
station placement and sampling procedures has been described by Livingston
(1974, 1976). Day and night samples were taken at monthly intervals
from March, 1972 to May, 1974. Only day samples were taken thereafter.
Complete data were not taken durihg 3 summer months of 1974. Al}l
¢oliections were preserved in 10% formalin and identified to species.
| The fo]quing schedule was followed from March, 1972 to February, 1977.

7 (Z-minute) trawl tows per month
stations I, 5, and 6

2 (2-minute) trawl tows per month
stations 1A, 1B, 1C, 2, 3, 4, 5A

This program &as carried out in conjunction with more intensive sampling

in East Bay (stations.4A, 5B, SC) and St. George Island (1E, 1X). Analysis
was carried out on composite samples including stations 1, 5, and 6.

Varying combinations of stations and time periods were used for calculations,
which generafly were performed on composite data at monthly intervais.

In addition, seine and trammel net collections were made in various

areas according to methads described by Livingston (1974).
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Statistical methods and computations

"Most of the quantitative analyses were made using an interactive
computer program (the Special Program for Ecological Science: Livingston
and Woodsum, 1977; see Livingston et al., 1977) under the KRONOS
operating system on a Cyber 73 computer (Florida State University
Computer Center).

In all computations, numbers of individuals (N), dry weight biomass
(B), and number of species (S) were used. Various indices were determined
from the invertebrate and fish data. These included the Mérgalef Index
(MA) (Margalef, 1958), the Simpson Index (SI) (Simpson, 1949), and the
Shannon Index (H') (Shannon and Weaver, 1963; Pielou, 1966 a, b, 1967,
1969). Relative dominance (D}) was determined by dividing the number
of individuals of the single most dominant species by the total number
of individuals (McNaughton, 1968; Berger and Parker, 1970}. The
rationale for the use of these indices has been developed elsewhere
(Livingston, 1975, 1976) and will not be detailed here. The p
measure of affinity (van Belle and Ahmad, 1973) was used for the cluster
analysis with a locally modified version of a program furnished by Dr.
D., F. Boesch. AT1 other statistical calculations were run with programs
taken from the Statistical Package for the Social Sciences (S.P.S.S.,

1975) and the Biomedical Computer Program (B.M.D., 1973).



44

Litera;ure Cited

van Belle, B. and !I. Ahmad: Measuring affinity of distributions. 1In:
Reliability and biometry: statistical analysis of lifelength.
Eds. F. Proschan and R, J. Serfling (1973).

Berger, W. H. and F. L. Parker. 1970. Diversity of planktonic foramini-
fera in deep-sea sediments. Science 168, 1345-1347.

Bishai, H, M. . Eﬁko. The effects of hydrogen ion concentration on the
survival and distribution of larval and young fish. Z. Wissenschaft-
Tiche Zood.! 164, 107-118.

R

. iﬁbéi Reactions of larval and young salmonid to different
hydrogen fgn: concentrations. J. du Conseil 27, 181-191,

Cummings, K. Hwégnd J. C. Waycheck. 1971. Caloric equivalents for
investigé&&hs‘in ecological energetics. Mitt., Internat. Verein.

Limnol. 18(. 158 pp.

Daniel, C. andiF. 8. Wood: Fitting equations to data. John Wiley
and Sons, Inc., New York 242 pp. (1971).

Folk, R.7L. 1966, A review of graih-size.parameters. Sedimentology
6, 3"93 - ’

Ingram, R. L. 1971. Sieve analysis. In, R. E. Caever (ed), Procedures
in Sedimentary Petrology. Wiley-Interscience, New York. pp. 49-67.

Inman, D. L. 1952. Measures for describing the size distribution of
sediments. J. Sedim. Petrol 22, 125-145.

Jones, J. R. F. 1947, The reaction of Pygosteus pungitius L. to toxic
solutions. J. Exp.fFio]. 24, 110-122

. 1948. A further study of the reaction of fish to toxic |
. solutions. J. Exp. Biol. 25, 22-34.

Livingston, R. J. 1978. Field and laboratory studies concerning the
effects of various pollutants on estuarine and coastal organisms
with application to the management of the Apalachicola Bay System
(North Florida, USA Final Report, State University System of
Florida. Sea Grant SUSFSG-04-3-158-43).

. 1975, Impact of Kraft pulp-mill effluents on estuarine
and coastal fishes in Apalachee Bay, Florida, U. S. A. Mar. Biol.
32, 19-48. )

. . 1976. Diurnal and seasonal fluctuations of estuarine organ-
isms in a North Florida estuary. Est. Coastal Mar. Sci. 4, 323-400.



45

Livingston, R. J. et al. 1974. Major features of the Apalachicola Bay
system: physiography, biota, and resource management. Florida
Sci. 37, 245-271.

1976. Long-term fluctuations of epibenthic fish and
invertebrate populations in Apalachicola Bay, Florida. Fish.
Buil. 74, 311-321. :

. 1977. Energy relationships and the productivity of
Apalachicola Bay System. Final Report, State University System
of Florida.

. 1977. The biota of the Apalachicola Bay System:
functional relationships. In: Proceedings of the Conference on
the Apalachicola Drainage System. Eds. R. J. Livingston and
E. A. Joyce, Jr.

McNaughton, S. J. 1968. Structure and function in California grass-
lands. Ecology 49, 962-972.

Margalef, D. R. 1958, Information theory in Ecology. Gen. Syst.
3, 36-71. :

Pielou, E. C. 1966a. Shannon's forhu]a as a measure of specific
diversity: 1its use and misuse., tetters to the Editors, the
American Naturalist, 100.

.. 1966b. The measurement of diversity in different types of
biological collections. J. Theor. Biol. 13, 131-144. -

. 1967. The use of information -theory in the study of
the diversity of biological populations. Proc. Fifth Berkeley
Symposium on Mathematical Statistics and Probability 4, 163-177,

Remington, R. D. and M. A. Schork. 1970. Statistics with Application
to the Biological and Health Sciences. Prentice-Hall, Inc.,
Englewood Cliffs, N. J. p. 147.

Shannon, C. E. and W. Weaver: The Mathematical Theory of Communication.
Univ. of I11inois Press, Urbana (1963).

Simpson, E. H.- 1949, Measurement of diversity. Nature 163, 668.



46

Fig. 1: See Chapter 1 (Fig, 1) for chart of station Tocations.



47

Fig. 2: Apparatus for the determination of blue crab avoidance
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111, Physico-chemical Relationships

Habitat characteristics: sediments

The Apalachicola Bay System is characterized by sand, silt, and
shell components in various mixtures; St. Vincent Sound and northern
portions of Apalachicola Bay are silty areas that grade into sand/silt
and shell gravel as St. George Island is approached. Relict coarse
{quartz) sands are covered by fine-grained material deposited by the
Apalachicola River and bio]pgical processes in the bay. East Bay
is composed of silty sand and sandy shell. Relatively high turbidity
and sedimentation have significantly reduced benthic macrophyte distri-
bution in all but the shallowest (fringing) portions of the bay. Details
of fhe'sgdiment type and distribﬁtion are already available (Livingston
et al., 1977).

Station 1 _

This is a mid-bay station.approximately 2min depfh. The bottom
is somewhat loose, barren of vegetation, with occasional large wood and
shell fragments. There are scattered coarse, sandy deposits in an
otherwise fine sand area. The month]y‘average-grainusize-is 2.60 ¢
units and contains 6.52% organic matter. There was COnsidérabIe
variatibn between samples both for grain size and organic content, with
no obvious trends. Tﬁe concurrent-decrgase in grain size and increase

in-organic content noted in February, 1976, coincided with maintenance

49
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dredging activities néarby. Recent dredging (early 1978) may have a
considerable effect on the benthic areas around. station 1.
Station 1IX

This station is situated in a shallow (1 m), protected grass bed,

composed mainly of Halodule wrightii. The bottom is very firm sand with

scattered oyster bars in the area. The average monthly grain size is
2.02 ¢ units and the organic content averages 2.06%. There was little
between-sample variation in grain size but the sediment organic content
increased from July to January, coinciding with the die-off and
decomposition of Halodule blades. Various forms of benthic macrophytes

such as Ulva lactuca and Gracilaria spp. are found here. A barrier

oyster bar lies just offshore; inside this reef, detritus is deposited
in the protected embayments by northerly and westerly winds. Considerable
amounts of such detritus are found in this area.
Station 3

Station 3, approxiﬁate]y 0.5 km north of the Gorrie Bridge, is
a shaliow area (1-1.5 m} subject to strong river action and tidal
currents. Various forms of detritus'(Branches, logs, leaves, etc.),
brought in by (winter-early spring) river flooding, are. commonly
found here. During summer months, there is extensive colonization and
deposition of various species of blue-green and green algae. Water

hyacinth {Eichornia crassipes) is found along the shore. Marsh grasses

~in this area include Phragmites communis, Typha latifolia, and Juncus

roemerianus. The bottom is firm, fine sand with beds of Ruppia maritima

and Vallisneria americana in the vicinity. The average grain size is

2.83 9 units and organic content averages 3.52%. There has been some
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variability between samples tor grain size and ofganic content, probably
resulting from the river-deposited debris.
Station 6 |

This station is 1ocsfuﬂ*¥ﬁ&€he middle of a shallow (1 m), protected
embayment close to the Apalacﬁﬁtﬁ1a River with seasonally dense beds of
Ruppia nearby. The bottom is a loose, fine sand-silt, Woody debris is
almost always noted in the samples. The monthly average grain sizé is
3.64 ¢ units and organic content averages 5.60%. Samples have been
variable with respect to grain size and organic content, with no trends
observed,
Station 4A

This station is in.a shallow (1-2 m) Vallisneria bed in upper East Bay.

The bottom is fairly loose silty-sand. The monthly average grain size
is 3.98 ¢ units and organic content averages 8.61%. A fall peék in
organic content probably results from the die-off of Vallisneria blades.
Station 54 - |

Station 5A, approximately 1 km-so;th‘of the upper marshes-of
WEgét Bay, has a monotonous silty-sand'ﬁottom~with-sparse'jscattered)

»!ﬁﬁbwth of Ruppia maritima. Traw) catches indicate ‘the presence of

Bnac11ar1a foliifera. The upper coastline is fringed by beds of Vallisneria

-g}amermcana and upland marshes. The average grain size is 1.82 ¢ units -and

;f ! nic content averages -2, 58% ‘Between-sample variation-in grain sfze

%s low, but organic content increases from summer through winter, to some

extent because of the Vallisneria die-off.
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Station 58

This station is Tocated in an upper East Bay tributary. The bottom
is Toose silt with Vallisneria fringing the shoreline. The average
grain size is 4.22 ¢ units énd organic content averages 11.23%. Grain
Size and organic content (re]atiQe]y high) show reiatiQe]y little
variability throughout the year.

In general, grain size decreases and organic content increases
as one moves from the outer Apalachicola Bay area into the upper
reaches of East Bay. The observed late summer-fall die-off of benthic
macrophytes coincides generally with an increase in sediment organic
content.

Long-term changes in local rainfall and Apalachicola River flow

As part of the overall research effort in the Apalachicola
Estuary, and with the cooperation and help of Dr. Duane A. Meeter
(Department of Statistics, Florida State University) and Mr. Glenn
C. Woodsum (Department 6f Biological Science, Florida State University),
an analysis of long-term meteorological data (temperature, rainfall,
river flow) is presently under way. 'Tﬁis review iS'anticipatbry of a
publication now in preparation {(Meeter et al., 1978), and will serve to
place the present 6-year biological study of the Apalachicola Bay
System in perspective with respect to the long-term trends of the primary
meteorological forcing functions. Since the Apalachicola River appears
to be one of the key physico-chemical components of the bay system, this
background is considered important to the present impact analysis.
Apalachicola River flow data (1958 - present) were provided by
the U. S. Army Corps of Engineers (Mobile, Alabama). Data were taken
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near Blountstown, Florida and initial analyses (mean flow rates, etc.)

were prqvided by Mr. Roger P. Ruminik (U. S. Geological Survey; Tallahassee,
Florida). River flow information from 1920 - 1957 was provided by the

Army Corps based on Blountstown river gauges monitored by the U. S.

Weather Service. Local climatological data (temperature, rainfall)

for Apalachicola, Florida (1937 - present) were provided by the Environ-
ﬁenta1 Data Service {NOAA) in Apalachicola. The rainfall data for the

East Bay area were provided by the East Bay Forestry Tower located in

the Tate's Hell Swamp (Franklin County, Florida).

Raw data (monthiy means) are shown in Fig. 1. An inordinately high
level of river flow occurred during 1929. River flow and rainfall
(Apalachicola) showed considerable seasonal and annual variability. The
air-temperature data (Apalachicola) were relatively constant with fespect
to the annual fluctuations of temperature peaks although the seasonal
low temperature values did vary from year to year. Our biological
sampiing.period (1972 - present) went from peaking river flow (1973 - 1975)
and rainfall (1974 - 1975) to present. low flow.and drought conditions.
Temperature reached-an extrane.low—during;lQ?S-afteraseveral?years:ofn_.
relatively moderate winter conditions.. Composite monthly means (river.
flow, 1958 - 1977; rainfall, temperature, 1937 -1977) are given in
Fig. 2 while Iogioumonthly.means pgl | standar&.deviationfare shown in
Fig. 3. The river flow usually peaks:in the winter or early spring.

- {March-April); low-f]ow§.occur from June to November; theré is a
relatively high level ‘of monthly variability during winter periods of
~ high flow. Theré:is considerable variability with respect to monthly

river flow peak placement from year to. year, and this variability
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is superimposed on the extreme level of annual variaiion throughout the
Sd-year period of study. There is a minor peak of local rainfall which
tends to coincide with the river flow pattern during winter and early
spring. The highest levels of local rainfall occur from July through
September, coinciding with peaking temperatures.- The lesser rainfall
peak coincides with maximal winter river flows while the major summer
rainfall tends to follow the flow peaks by 5 to 6 months. The trends from
1972 to 1977, with monthly river flow ranges, are shown in Fig. 4.
Since the extreme ffooding during the winter of 1973, there has been
a general decrease in river flow until the present time. During the
winter of 1976, there was only minor peaking of river flow and this
trend appears 'to have continued through the winter of 1978.

lA moving average plot (6-montﬁ, 36-month).of river flow and rain-
fall is shown in Fig. 5. Peak flows in both parameters tended to
occur in 5- to 8-year cycles and there was a general similarity in
the patterns of rainfall and riverjflow. The possibi?ity of even'longer
term cycies of rainfall with a period of 40 or more years remains ' |
open according to these data. There was a geqera]]y consistent
level of low river flow conditions with thé exception of the mid
1950's (1955 - 1957) at which time flow rates seemed to be extremely
Tow. A spectral analysis was carried out on the riﬁer flow data
(Fig. 6) to determine the range of smoothing (60 lags, 240 lags) and to
develop an optimal level for peak resb]ution and confidence intervals.
Peaks at 4- to 6-month intervals were interpreted as harmonics of
the 12-month cycle {the river flow is not sinusoidal). There was

another, less determinate peak at an interval from 40 to 120 months.
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Further analysis was based on what was considered to be a reasonable
compromise of 120-month lags {Fig. 7). The logged rainfall data
showed high standard deviations during dry periods, so square root trans-
formations were used in the'analysis. The 6-month and 12-month
intervals of the bi-peaked rainfall pattern were evident and the rela-
tionships of river flow and rainfall described above were evidently real
according to this analysis. There was also a well-defined rainfall peak at
80 to 100 months, thus confirming a 6- to 8-year rainfall cycle which
corresponds generally with the results of the moving average analysis.
These data tend to confirm long-term trends in both parameters which,
though not exactly correlated, tend to occur in the same area of the spectrum.
Analysis of coherence (level of.correlation between the two series
at a specific frequency of period) and phase (amount by which. sine
waves of two series are separated) of river flow and rainfall data from
1937_to_1977 are shown in Fig. 8. The long-term period phase shift
approximation close to 0 indicates that the long-term waves in the two -
series occur nearly simu]taneous]y, and that the approximate period is
around 7 years. The coherence estimates at 6; 12, and'60¢805mohths (5 to 7
years) reinforce our previous results. The (winter) pééks of the two |
series co-occur in time while the summer rainfall peak follows the river
flow peak by around 5 months (120-150° phase shift). It should be
added. that if the coherence is 0, the phase estimate-iS@raqdqn'and‘stronger
“coherence values indicate enhanced precision of the phase estimate. Work
is continuing concerning long-term drainage patterns and~the'potential

. influence of the Jim Woodruff Dam on the Apalachicola drainage system.
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The physico-chemical environment of the bay

Data were analyzed with respect to general changes at two represen-
tative stations (1, Apalachicola Bay; 5, East Bay). Water temperatures
are shown in Figs. 9 and 10, There was little spatial variation (depth,
area) of water temperature at a given time. A]tﬁough temperature peaks
tended to remain stable from year to year, there was a general decrease
in winter lows from 1974 to 1977 which was particularly pronounced during
the winter of 1976-77 (Fig. 11). During this period, the seasonal
range of vﬁriability was extended as compared to the previous 6 years.
This is shown, along with a recent warming trend, in Fié. 12.

Salinity changes in inner and outer portions of the bay are
shown in Figs. 13-16. River flow was a major determinant of the salinity
regimes in the system. East Bay was less sa]ine.than Apalachicola
Bay, and there was considerable stratification, especially during
summer and fall periods, The secondary decreases in salinity during
summer and fail months appeared toireflect surface runoff from local
rainfall patterns. Such changes were more pronounced in East Bay:
than in Apalachicola Bay. Low salinities occurred'during winter and
spring months (associated with river flow), followed by increasing salinity
during the summer. There was then a rapid decline in the late summer
or fall-(coincident with increased 1ocﬁl precipitation), and this was
followed by a fall or winter salinity peak just prior to the ensuing
decrease in salinity with renewed increases in river flow. -River flow
and rainfall fluctuations from 1970 to the present are shown in Figs.
17, 18, and 18A; Table 1. Peak flows occurred in 1973, since which

time total flow, peak flow, and. seasonal variability have
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decreased, especially during the 1976-78 period. The rainfall data
Show peak monthly values during the summers of 1970 and 1974-75, while
total annual rainfall peaked in 1970 and 1975. The relatively higher
values in Tate's Hell Swamp relative to the Apalachicola area are
noteworthy. During the period of study (1972-1978), the major water
flows into the system thus occurred during the period from 1973-1975.
Moving average analyses of East Bay and Apalachico]a salinities (Fig.
19) reflect this trend, with Towest salinities occuring during the 1973-
75 period. The sa]inity is now on the increase (1976-present). These
changes are reflected in baywide salinity data (Figs. 20-24) with the
exception of Sike's Cut {station 1B; bottom salinities remain high and
stable) and upper portions of East Bay (station 5A; salinities have
remiined Tow since the end of 1974).

The influence of the major river flooding during the winter of 1973
is apgarent in various physico-chemical functions such as color, turbidity,
and Secchi readings (Figs. 25-27). On the whole, there has been a general
decrease in turbidity in inner and outer bay areas since 1973. . Color
followed this decrease at station 1; however, station 5 had peak
color levels during 1974-75 and: color was generally higher in East Bay
than in Apalachicola Bay except during the 1973 river flooding; this
reflécts the relative influence of river flow and local rainfall on
s vayibus portions of the bay. Secchi readings have continued to go
down in East Bay while Apalachicola Béy has had relative increases in
light penetration during the last 2 years of sampling. These data
are presented in more detail in Figs, 28-42, East Bay was thus more

highly colored than Apalachicola Bay, and showed a trend which appeared
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to be linked to patterns of local rainfall and runoff in the Tate's Hell
Sﬁamp area. Color levels became most pronounced during the summers

of 1974 and 1975. This was not the case with respect to turbidity
(Figs. 12-15}), which tended to decrease during the study period in the
bay as a whole. Turbidity seemed to be closely correlated with river
flow. Turbidity peaks usually occﬁrred during winter an& spring months.
One notable exception to this tendency occurred during the summer of

- 1974 in areas of East Bay. These trends.in color and turbidity were
generally ?ef1ected'by the Secchi disk data, where significant decreases
with time occurred in East Bay relative to the Apalachicola Bay area.
Dissolved oxygen data are shown in Figs. 43-51, There was considerable
seasonal variation at most stations with peakvlevels generally occurring
during winter and spring months ihdicating the usual rejationship with
water temperature and salinity. In £ast Bay, there was a significant
increase in dissolved oxygen with time relative to those levels in
Apalachicola Bay.

A statistical treatment was carried out with the first four years
of physico-chemical data, The seasonal changes in various physico-
chemical variables in the Apalachicola Bay System have already been
described (Livingston, 1974, 1976; Livingston et al., 1974; Livingston
et al., 1976). Overall, this is a shallow barrier island estuary
' dominated physically by the fluctuations of the Apalachicola River;
this is especially true of parameters such as salinity, cojor, turbidity,
and nutrient levels. Generally, this is a highly turbid bay with consi-
derable oyster bar development and little benthic macrophyte productivity

except in shallow (fringing) areas. Tides in the Apalachicola Estuary
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are semi-diurnal (mixed, unsymmetrical) with a sméil range (up to 1 m).
Winds in the area follow no clear directional trend although during

fall and winter there is a northerly flow which becomes southerly during
the rest of the year. In June, 1972, Hurricane Agnes came ashore near
the Apalachicola region with winds gusting to 55 knots and tides around
2 m above the nomm. The results of a factor analysis (Table 2) indicate
that high river flow is usually associated with increased color and
turbidity and reduced Secchi readings, and low levels of salinity,
temperatufe, and chlorophyll a. These results are consistent with

the known seasonal pattern of these factors, and indicafe the impor=-
tant influence of the Apalachicola River on  the physical environment

of the Apalachicola Estuary. While the river dominates the seasonal
fluctuations of parameters such as salinity, 1oﬁg-term changes in the
overall salinity of the bay appear tb be related also to other functions,
such as local rainfall and runoff. This would indicate that Tong-term
salinity levels are determined by hultiple interaction§ which lead to
apparently contradictory results when viewed as short-term (as‘distinct
from long-term) trends.

Physico-chemical changes in East Bay: visual observations-

The background river flow and rainfall conditions (Figs. 52-53)
should Be-kept in mind when specific water qua]ityAfUnctions in the
' uppef portions of‘the-ApalachiEola Estuary are analyzed. Visual obser-
vations of water color (Fig. 54) indfcated movement of highly colored
water into eastern portions of East Bay following locally heavy rainfall
(summer, winter). Affected areasAinclude our stations 5, SA, 58, 5C,

and, occasionally, 4 or 1C. Tidal currents and wind dominated the
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movement of such water through the system. These observations have been

corroboratsd by LANDSAT images of the area (Jack Hill, U. S. E. P. A.,

Las Vegas; pers. comm.). Water quality maps of East Bay from November,

1974 to October, 1975 (Figs. 55-56) add further support to these observa-

tions. Conditions of high color and low pH usually occurred in eastern

portions of East Bay during winter and summer periods of-high tocal
rainfall and runoff into the bay.

Water quality in Tate's Hell Swamp: experimental studies

According to data supplied by a local paper-pulp mill
(Dr. Walter L. Beers, Jr., pers. comm;), overall forestfy activities in
Tate's Hell Swamp (i.e., total cleared acreage) peaked during 1971-1972.
Portions of the drainage system immediate to the East and West Bayous
(upper East Bay) were cleared largely during a périod from 1973-75.
Since this time there has been 1itt1é clearcutting or forestry activity
in this area, with one notable exception; Originally, the Round Bay
drainage (statibn 4A, Fig. 1 of Chapter I) was used as a control station
since it was out of the immediate drainage associated with cleared
areas of the East and West Bayou;systems; However;-during the late
spring of 1976, a drainage ditch was dug which emptied into Round Bay,
and, during fhe next 12’t0'18-mohths, considerable upland portions of
this~dr§inager§ysfem were clearcut (Figs. 57-59). Also, during 1975,
a cooperative watershed study was stqrted'in a managed area of the
East Bay system whereby sections 9 and 16 were managed according to the

following schedule (Dr. Walter L. Beers, Jr., pers. comm.):
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Activity  Date

chopping ~ 9/15/75-10/3/75
harvesting 9/17/75-11/10/75
intermittent burning 12/8/75-12/25/75
chopping and bedding - 2/2/76-2/25/76
hand planting 2/25/76-3/18/76
fertilization 3/6/76-3/7/76
canal re-excavation 3/24/76-5/15/76
no s{te activity 5/15/76~present

This area has been studied by scientists from the University of Florida
and a local forestry operation. In a cooperative effort from
January, 1975 to the present, our group has mbnitored watér quality
functions in this drainage system on a monthly basis} Station place-
ment is shown in Fig. 1, Chapter I o% this report. The purpose has
been to sample the area before, during, and after forestry management
operations with a comparison in areas above the cleared sections (the
so-called control stations, B4 andeal; As shonn; this area drains:
directly into the West Bayou arm of East Bay (station SB[;. .

Results of-this ongoing study are shown- in Figs. 60-68;~-The 
pH in the.Tafe's Hell Swamp drainage is relatively Tow. The;tempora1
change 'in pH with time has been'modest; Stations closer to: the bay
(B10) are characterized by generally higher pH #]though,'during\periods
of rainfall, such Tevels remain relatively low. Color tends to increase
in areas receiving runoff.from newly cleared areas relative to control
stations (B4, BB). -This'is especfai]y apparent during wintér and - |

summer periods of high rainfall. Stations closer to the bay-(BQ,'Blo)
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are characterized by relatively lower levels of cofdr. Turbidity
follows this trend with particularly high levels during the summer of
1977 at certain stations {B1, B7). Turbidity is generally quite low
at stations closer to the bay (B10). It is possible that turbidity
has been affected by the construction of a weir énd settling basin at
station B7. Nutrient levels are shown in Table 3. Whereas the control
stations showed relatively uniform levels of various nutrients through

time, there were periodic increases in P04 and especially NO. at

3
various ofher stations, especially during the summer of 1975 and the
winter of 1976. During periods of drought, the drainagé ditches usuaily
dry up; however, during heavy rainfall, water runs through the drainage
ditches directly into the West Bayou area. High color levels usually
occur only when water has been standing in up]aﬁd (cleared) portions of
an adjacent drainage area for a certain period of time.

Overall, these data would lead to the fbllowing conclusions:

1. The construction of drain&ge ditches in Tate's Hell Swamp
constitutes a form of channelization whereby upland swamp water is
drained directly into receiving bodies of water {in this case, the
eastern portion of East Bay). The tempora]rpattern and total amount of
rainfall, together with levels of clearcutting and other forestry
operatiﬁns, determine the quality of the runoff. During periods of
drought there is no such flow, and repeated episodes of heavy_rainfal]
ard usually needed before water auality changes in receiving systems
are noted.

2. The pH levels in aquatic portions of Tate's Hell Swamp are

naturally low and this parameter does not appear to be directly affected
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by the clearcutting operation. The color and turbidity of rumoff from
cleared areas is usually high and, as water moves toward the bay, the
pH goes up, turbidity is substantially reduced and color undergoes
moderate decreases. All such functions are stropgiy influenced by

the timing, duration, and intensity of local rainfall and the associated
forestry operations as outlined above.

- 3. Impact analysis should include consideration of various aspects
of forestry operations such as clearing, draining, fertilization, and
revegetatiﬁn. Although the clearing phases do not seem to affect
the overall levels of pH, the draining of the swamp inté receiving waters
does shorten the residence time of runoff water in uplhnd areas. Extending
the drainage area and clearing the land of vegetation increases the .
rapid lateral movement of water through the system during periods of
heavy rainfall and, consequently, agéravates the water quality situation.
The data indicate that such effects on water movement and quality
are seasonal and entirely dependent on local rainfall patterns and
surface runoff features of the immediate upland areas. The loss of
nutrients from such Iands is part of this general water quality
situation.

Long-term water quality changes in the Apalachicola Estuary
Thé-relationéhips of river flow and local rainfall to water quality

functions of the Apalachicola Estuary have already been discussed.

While river flow has a dominant effect on salinity and othef physico-

chemical functions, local .runoff is also an important determinant

of water quality, especially in East Bay. Proximity to rivef flow

and upland dratnage systems such as Tate's Hell Swamp are important
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considerations in any evaluation of causal relationships of water quality

in the Apalachico]a Estuary.

Using data- taken by the Florida Division of Health (John Taylor,
Jni, pers. comm.) from October, 1970 to November; 1971, a comparison
wn@«made of long-term changes (1970 -present) of salinity and pH in
Eﬁst Bay (Figs. 69-78). Salinity changes at stations 4 and 5 reflected
..FfVer flow and rainfall variations over the years with high salinities
dhring thé initial period of sampling giving way to generally reduced
salinities (1974-76) and, finally, to a trend of graduai recovery of
seasonally high salinity levels during the period from 1976 to the
presenﬁ. The major river flow event during the winter of 1972-73 is
evident in the salinity regime throughout the bay. At station 4A, the
subsequent recovery of increased salinity was evident during 1976 but
there was a general decrease in salinity in 1977. This runs counter
to trends. in other portions of Eaﬁt Bay. At stations SB and 5C,
these trends in salinity showed progressive decreases in salinity
from 1974 to the present time. This decrease does not resemble the
patterns in any other portion of the bay and is not congruous with
the Iong-term river flow and rainfall conditions {Figs. 52-53; Table 1).
The pH ievels at station 4 have not varied to any significant degree
during the"study period. At station 5, the pH range was maximal during
1976 although readings did not go below 6 and there was no general trend,
up or down. At station 4A, there was a tendency for the pH to increase
from 1975 to mid-1976 and then generally to decrease from mid-1976 to

the present. The lowest pH ever recorded at this station was taken during
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the summer of 1977, Low pH levels were taken durin§ the summer of
1§75 at stations 5B and 5C. The pH levels during this period were
tested statistically and found to be significantly lower than those
during the 1970-71 period (prior to intensive Jocal clearing activities),
At both stations (5B, 5C) there has been a recent.(1975-76) trend of
increasing pH despite the fact that salinities were falling at station
4B during this period. This could be interpreted as indicative of a
recovery of water quality in this area of the bay.

These data indicate that local forestry operations do have an
effect on water quality conditions in aquatic (downstreah) receiving
systems. Recent clearing and draining activites have caused pH de-
creases in the Round Bay area, a former control area. Impact due to Tow -
pH wés maximal in East and West Bayous following extensive Jocal forestry
operations and heavy summer rainfall during the summers:of 1974 and
1975, Recovery of the pH levels appeared to be relatively rapid (1-2
years) although related effects on-local salinity conditions did not
follow the water quality recovery. The salinity relationships remain
relatively unclear at this time, The extent of the water quality
changes reflects input from a number of variables: extent, type and
Tocation of forestry operations, timing and intensity of local rainfall,
river flow trends, and temporal (sequential) successions of other con-
tributing %actors. Water quality changes in upper East Bay can be
related directly to upland forestry management activity. The quantitative
aspects of water movement from drained portions of.up]and areas remain
poorly understood and appear to be more long-lasting than the changes in water

quality as indicated by pH.
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Changes in other water quality functions in upper portions of
East Bay are shown in Figs. 79-90, Dissolved oxygen levels at station
4A became more variable with time; the lowest levels occurred during
the summer of 1977 and the highest levels occurred during the winter
of 1977-78. At stations 5B and 5C, the lowest D. 0. levels were
recorded during the summers of 1974 and 1975. In both areas, there
was a general trend of increased levels of dissolved oxygen after
the 1974-75 period. Color levels tended to decrease at all 3 stations
with time until an unexplained peak occurred throughout the bay during
the winter of 1978. This peak was probably caused by high local rainfall
and high winds at this time. Overall, water color tended to reach its
highest levels during the 1974-75 period. Turbidity peaked at station 4A
durihg the winter of 1976-77 and peaks of turbidity occurred during the
winter and early spring months of 1975 at stations 58 and 5C. These
trend; are apparent in the Secchi data where the trend has been downward
at station 4A during the 1977-78 period while it has remained relatively
stable at stations 5B and 5C.
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Table 1: Annual Apalachicola River Flow {mean monthly, C.F.S.) and Local
Rainfall (cm) from 1970 to 1977,

Year River Flow Rainfall

(1 Jan.-31 Dec.) Apélachicola East Bay Tower
1970 19,500 159.56 |
197 28,561 98.09 155.70
1972 23,620 1213 203.96
1973 . 34,114 133.30 216.41
1974 23,575 147.17 197.87
1975 31,407 C 76.10 214.63
-1976 26,206 121.28

1977 22,040 ) 98.12
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Factor analysis of a set of physicochemical variables taken

Table 2:
: from March, 1972 to February, 1976. Color, turbidity, Secchi
readings, salinity, temperature, and chlorophyll A
vere noted at Station 1 in the Apalachicola Estuary Tidal Data
included the stages of the tide on the day of collection while
the wind variable was represented by 2 vector components.
Yariable - Factor 1 . Factor 2 . Factor 3 Factor 4
(49.0% of the variance) (22.3% of the (17.9% of (10.8% o _
_ variance the variance the varian
River flov -0.82 .- -0.08 -0.07 -0.08
Local rainfall " -0.04 T 0,30 ‘ -0.09 0.20
Tide (incoming or ' ' : .
outcoming 0.26 0.61 -0.68 0.06 °
Tide (high or low) 0.09 . 0,39 0.61 -0.37
Wind direction (E-W) -0.02 ' 0.09 0.6 . 0.37
Mind direction (N-S) 0.10 - -0.20  0.22 0.3
Secchi 0.57 . -0.07 - -0.17 0.24
Color -0.80 - - 0.33 0.0 0.07
Turbi dity -0.73 : 0.54 © 0.08 0.23-
Temperature 0.38 0.15 S -0.02 -0.18
Salinity 0.68 ) 0.21 _ 6.23 -0.02
. 0.47 0.51 ~  0.09 - 0.31
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Table 3: Water Qualfty data taken during experimnetal clearcutting in Tate's Hell

) h

e O @ oo . &0 oD w
LT- . - B T | Y S 7 Y

10

10

-t
Qo

©C 0O NN R W e

W 0 w ! e W -

7.10
0.87
0.87
6.08
3.68

1.81

1.87

3.19
0.94

£1.0
3.61
3.37
1.52

18.3

$ 8§ § § §
% 303 3
P04 (ug P/2)
6.8 5.8 4.23 5.66 7.25
7.62 12.2 10.4 5.9 6.07
6.40 4.01 0.55 7.99 4.7
2.78 0.93 S5.64 1.02 -
176 1.8 e—-- 9,30 17.5
6.08 ---e 0.43 2.47 2.37
3.81 0.62 1.97 4.96 9.7
9.90 339 070 2.47 2.07
RO7 (ug N/2)
128 5.1 eeee o= 13.0
207 275  9.50 10.97 12.1
.24 3.20 2.28 2.02 2.59
125 2.87  eee=  1.07  --e-
128 292  eeee  coes maee
2.7 ---- 301 272 3.97
2.35 2.98 --—- 7.4 6.50
2.94 7.82 - 228 0.70
N0, (ug N/e)
91.5
12.1 3.7
3.2 -3.52 ---- 5.5 4,26
20.8 587.0  ----  0.33  —eme
173 aee-
2.0 1.44
32.7  meme emee eeae 44,9
16.6 =eee  meme 19.0  ooee

S 8 g a
g & 8 3
> a o 3
10.4
14.2
4.2 9.8 19.5 14.4
18.8 2.53 3.2  3.38
13.8 emee emee oeee
15.5 2.27 17.1 .14.4
7.19 9.60 52.2  ----
66.7 6.67 27.1 - <--m
3.19
4.64
3.25 1.15  3.62  2.37
875 1.09 ~---  0.785
128 wmen me e
3.25 4.8  5.55 ----
10.3  1.06  4.31 ----
5.88 6.94 12.3  ----
 8.93
31.8
5.75 4.66  7.49  6.29
203.0 248.0  ~-~-  38.1
%
14.0 13.5 8.51 -—--
4.2 6.25  4.41 ----
23.6 37.2 27.2  --e-



Fig. 1:
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Raw data concerning long-term changes of air temperature and
rainfall (Apalachicola, Florida; 1937-1977) and Apalachicola
River flow (Blountstown, Florida; 1920-1977). Monthly

mean figures are given in degrees centigrade, centimeters,

and cubic feet per second.
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Fig. 2:
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Mean figures by month for Apalachicola River flow {1958-77),
local (Apalachicola) rainfall (1937-77) and local temperature.
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Fig. 3: Mean (log]o) figures by month for Apalachicola River flow
(1958-77) and local (Apalachicola) rainfall (1937-77) * one
standard deviation (river flow, April-September; rainfall,

August-October).
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Fig. 4: Monthly mean levels of Apalachicola River flow {C.F.S.) and

local (Apalachicola) rainfall (cm) from March, 1972- February,
1977).
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Fig. 5: Moving averages (6-month, 36-month) of monthly mean levels
of Apalachicola River flow (1920-1977) and Tocal (Apalachicola)
rainfall (1937-1977).
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Fig. 6: Spectral analysis of Apalachicola River flow (mean monthly
figures, 1920-1977) at 60 and 240 lags with 95% confidence

intervals.
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Fig. 7:

83

Spectral analysis of log monthly mean values of Apalachicola

River flow (1937-77) and Jocal rainfall (Apalachicela,
1937-77), using 120 lags.



——— e -

SHINOW-QOI43d

9 8 o 0z, Oy ozl

L ]

LL-£86l
J3dS Q3IHIOOWS

-
)

} | T

w
[Is =
O
=
-0l
>
. —
O
m
Z
@
V' Lo =
iPjuiny x
| | S
MO| J8AIY BO| e ( B -00L
POl |
|OAIB}UI
8JuepIu0d

9%G6oipwixofddo | (



85

Fig. 8: Spectral analysis showing coherence and phase (in degrees)
of Apalachicola River flow and local (Apalachicola) rainfall

(monthly means) taken from 1937-77.
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LOCAL APALACHICOLA RAINFALL (CM) FROM 1970.1977

4

Fig. 18:
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SURFACE AND BOTTOM SALINITIES (PPT) AT STATION 1 FROM 1972 TO 1978

Fig. 20:

00°SE

SURFACE &
BOTTOM 0O

00°0€

00° 52 0002

00°S1

-
0001

0a°S

co*o

00 Ok

00° s&

on*oe

00°52

60" 02
(Lldd} ALINITWS

OO'S!l

0001

oc's

go'g

1978

T IME (yeass)



100

6001 00°s goo

ca*si

0Q°se po* Qe

00°oE

Q0" SE

00" Ch

aLEl

(suvan) N T |

SLB1 SLE1 hiGl cLB1

o
Q
-
o
Q
o
a
o
[
o
(=]
- N
Q
)
Q
- N
wn
o
o
- )
=2
o
0

B2 KWoilos | w
<)}

v VHRNS =
o]

8/61 OL 2461 Woud Z NOILVLS LV :.n_n: SITLINITVS WOLL09 ONy 3dvduns -12 m_.u

0D° D4

{Ldd) ALINITWS




101

00°s1 0G* 01 go*s go*o

ga-ozZ

00*se

00°s5t

00° 0h

(swvan) N L

40’6t

BLEI LLBT 9061 SLET hLB1 ELET 2LE1
N P | 1 xxxl 1 1 1 1 1 1 1 1 1 o
8
5
w A
My o
1 4 w
,
] ra . Y
— 1 ¥ -m
] 3 W
#
% o
| | :
¥
b | R
) 5
‘Y1 2
1
hw ﬂ . ﬂ
i
- __. /h_ ¥ 2
TR i
' E : i, yu.ﬂﬁ f~ ' "
A I T :
, o \ 4 °
% m &
-
b
YV 10¥4HNs =

8261 0L 2461 WOY3 9L NOILYLS 1V (ldd) SIILINITVYS WOLLOE ONY 3D¥3uns 22 '6id

00" 04

{ldd) ALINITYS



102
r T T ab L] T L} l’ 1
00" Ok 80°se Q0-0e 0g°se adrae 00°s1 00-0! 0a-s go-o

1978

2
>
2
od
P
@
5
[
[T
iun
g
[
=
(2]
=
E
&
=
Ll
=
=
2 -
wy
P
E
m -
=]
Z
w
=
[
og '45! -—
A " O ey 5 =
L E o
- bl = -
o~ & =
. A &
o
@
EL
e - —B T o
=T L S
@
00°0h g0 sg 00 e 00-s2 UO'GZ 00°si 00" ol g°s gg-o

- {idd) ALINIWS

.

T IME (vears)

i



103

(swvar) T |

SLB1 higl ELBI

O WoLi0d
v DVHAS

8761 OL 2461 WO¥4 85 NOILVLS LV (Ldd) SIILINITVS WOLLOG GNY JOVAUNS *pC *b14

- a ‘ 1 ' i ' 1 i i

00°o

(1dd} ALINITVS



104
gd'os

00° 0

0002

0G° 04

ao°azi 00001

00°Chi

0G° 031

! L 1 i N ownF e ety I._._.‘n_.l_r_ 1 .,_ 1 1 1

00° 08

D S NOILVLS
v | NOILVLS

8261 OL 2£61 WOYS S ONV L SNOILVLS LV (NIP) ALIQISHNL WOLLOS 40 (HLNOW-9) 3I9VN3AY SNIAOW 52 ‘614

00*001 00'08 00' Qs 00° 04 00°'02
(NLC) ALiaTEdnL

ac*oz!

00' Ghi

00091

- 00'0




105
0o°osi 0002t ag*ae 0008 go*ae go‘o

go°ast

og*oie

10° 0he

(swar) JWT 1

9LB1 SLB1

£1 S NOILYLS
v L NOILYIS

BL6L OL ZZ61 WOMS G ONY 1 SNOILVLS LV (SLING 03-1d) 40707 ¥ILWM 3IV4HAS 40 (HINOW-9) 39VYIAY ONIAOH

192 “6id -

00’ o8t

00’02t 00" 06 ga'os 00*ae 0oc'o

(SLINN 02-1d) 40702

00" ast

gg'aie

0°0he



106

SL° as* 52° 0c°o

00°1

0s°1

54° 1

ea*e

LT AN

8461 89461 SL61 hiB1 ELBT 2LB]
: ! i X I . : 1 . 1 . o
o
Q
"
[4)]

ﬂﬁ#u - mmw.
N R ! !
@ BBE V_ Hoy . Jm
@ & \ | 7 _,

B AU 0o VD AR § E
¥ - n| Ve _”_H—&E , E: \ E %

- F _ n .4..: n \hfu

ar ‘_J "‘ ﬁ’l

3y , Ty
’ 1] s
- ” HX o
g
"
2]
i
Q
O 5 Noryis
YV | NOLLYLS 3

B/61 OL 2/61 WoM4 S ONY L.SNOILVIS v (W) SON1aY3y IH233S 40 A:EZQZrmv IVYIAY ONIACK L2 t6)4

. L I\
o
(=]

(W) oNIGvI¥ IHDI3S



107

WATER COLOR (SURFACE AND BOTTOM; PT-CO UNITS) AT STATION 5A FROM 1972 TO 19?8
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SURFACE A

Fig. 33: TURBIDITY (SURFACE AND BOTTOM; JTU) AT STATION 5A FROM 1972 TO 1978
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Figure 54: Visual observations of the distribution of cdlored water in

East Bay at various times during the sampling period.
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Fig. 55: Distribution of water color (Pt-Co units) in East Bay mapped

py month from November, 1974 through October, 1975.
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Fig, 56: Distribution of pH in East Bay mapped by month from November,

1974 through October, 1975.
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Fig. 57: Aerial photograph of Round Bay (background) and cleared
portions of the Tate's Hell Swamp during the summer of

1976, and drainage ditch leading to the mouth of Round Bay.
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Fig. 58: Forestry operations in the Tate's Hell Swamp drainage leading.

to Round Bay (summer, 1976).
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Fig. 59: Forestry operations in the Round Bay drainage system during the

summer of 1976.
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SURFACE AND BOTTOM TURBIDITY (JTU) AT STATION 5C FROM 1974 TO 1978
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IV. Laboratory Bicassays: Blue Crab Avoidance

0f Storm-Water Runoff

INTRODUCTIGN

Recent studies have been made concerning the adverse effects of
timhering activities on aquatic systems (Likens et. al. 1970; Livingston
et. al. 1974; Livingston, 1975). The results indicate that the methods
of land development employed by the paper mill interests (clearing, plowing,
ditching) together with the uncontrolled drainage of the developed upland
areas into freshwater and marine coastal systems can cause multiple alterations
of habitat structure and water quality. However, the adverse effects of
reduced pH, typical of such drainage, on the estuarine biota have not been
well documented even though laboratory (Loosanoff and Tommers, 1947;
Calabrese and Davis, 1966; Kwain, 1975) and recent field evidence {Almer et.
al., 1974, Beamish et. al., 1975) have shown potential damage to biological
systems,

Little work has been done cn the ability of aquatic organisms to de-
tect and avoid water with low pH although avoidance behavior has been used
successfully as an indicator of the sublethal effects of other fqrmszof.'
pollution (Jones, 1947; Bishai, 1962; Ishio, 1965; Hansen, 1969). The use
of such behavioral data, howeve:, should be carefully reviewed since there
are complications associated with various forms of apparatus and techniques,
varied reactions of the test animals due to confinement in the avoidance
trough (schooiing, agonistic responses, etc.) {Sprague, 1964; Kleerekoper et.
al., 1972; Livingston et. al., 1976), and seasonal variations in the be-
havioral repertoire of such animals (Sprague, 1964; Sprague et. al., 1965).

Others have pointed out that although avoidance experiments ére in-

structive, they do not necessarily involve the reactions of organisms in

176
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actual environmental situations where a complex interaction of biological
and physico-chemical factors dominates the final behavior of such animals
(Spfague, 1964; Doudoroff, 1965; Livingston et al. 1976). Unfortunately,
there are few quantitative comparisons of field and laboratory avoidance
studies.

The present investigation involves an integrated field and laboratory
approach to the problem of avoidance responses of b]ug crabs (Callinectes
sapidus) to storm water runoff from recently clearcut upland areas
(Livingston, 1976). This includes a preliminary determination of the
principle water quality parameters involved in the avoidance behavior.

© RESULTS

The results of the avoidance experiments with the small blue crabs
(20~60 mm, wide) are shown in Table 1 (A-B). These crabs strongly avoided
(p.<0.001) the acidic {pH 5.2 and 5.8) and highly colored (water color 245
and 300) runoff taken from the field (Table 1-A). In the control experiments
designed to test pH, there was a significant avoidance {p <0.001) to in-
duced pH reductions below 6.0 (Table 1-B).

Net avoidance {mean Avoidance Index) from the control tests was in-
versely and Tinearly related to pH (r = 0.99) (Fig. 1). The threshold pH
level was estimated, %rom the regression equation, at 6.48 with a 95% con-
fidence interval falling within the range 6.02 - 6.92. The Al obtained
at pH 8.5 {Table 1-B) was not included in the regression analysis due to the
insignificant responses already found at:pH 6.5 and 7.0. Although reactions
to water color were not tested, a comparison of the avoidance indices of
Table 1 shows a slightly higher response to the runoff with pH 5.8 than to -
control water with the pH reduced to 5.8.

The results of the tests with the larger crabs (60-140 mm wide) are
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summarized in Table 2. .The runoff from the field (pH 4.6, color 245) elicited
a strong avoidance response in which the crabs (N = 10, inderendently tested)
spent 92.9% of the test time jn the control water. In the control experiments,
the crabs showed avoidance reactions inversely related to pH with maximal
responses found at pH 4.6 and 5.5 (mean time of 96% and 92% respectively) and
minimal values at pH 6.5 and 7.0 (60.7% and 61% respectively). When these
avoidance data were analyzed by comparing, by means of ratios, the mean times
spent in a visit and the mean number of visits to the control water versus
those to the experimental water, therewas a similar pH-directed avoidance
response (Fig. 2). This was evidenced by ratios greater than 2 at pH levels
‘below 6.5 and between 1 and 2 at pH levels 6.5 and 7.0. An inverse relation-
ship between the time-responses and the standard-deviation of the mean re- .
sponse was found,showing the increasingly mixed reactions of the large crabs
to pd tevels between 6.0 - 7.0. Such avoidance responses were sex-independent.
The experiments with buffered runoff designed to test the effect of
water color indicate that color per se had Tittle influence on the avoidance
responses of the large crabs. This was evidenced by mean time-response of
56.1% (Table 2) ard ratio values approéching 1. Thus, the results showed
that pH was the primary factor involved in the avoidance reactions of blue
crabs to runoff,
Field study"
The physico-chemical data (03/75-02/76) showed that temperature, salinity,
dissolved oxygen, turbidity and transparency (Secchi disk readings) were
quite comparable at the.three stations [4A, 5B, 5C). However, consistently
Tower pH and higher water color were found only at the stations receiving
runoff (5B, 5C) (Fig. 5). Station 4A had a mean pH of 7.85 (SD = 0.78)}
whereas 5B and 5C had means of €.5 (SD = 1.04) and 6.65 (SD = 0.9) respectively.
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Similarly, statien 4A had a mean wéter color of 61 (SD = 40) whereas 5B

and 5C had means of 138 (SD = 63.4) and 160 (SD = 80) respectively. Water
color was inversely related to pH (r = 0.8). Student t-tests showed that
the mean pH and color at station 4A were statistically different from the
values taken at 5B and 5C. The most striking differences in pH between

the test and control areas occurred in March, August and January when the
pH in the former (5B, 5C) dropped to levels close to 4.0 (August) (Fig. 5)
and color peaked to levels above 250. These extreme values were usually
preceeded by moderate to heavy local rainfall.

When the field pH Tevels of this study were compared to values taken

prior to the major clearcutting activities of 1973-75 (John Taylor, personnal

communication) there was a significant (p<0.05; t-test) change only in the
areas receiving upland runoff from adjacent clearcut areas (58, 5C). This
was particuiarly pronounced in early sﬁring and late summer.

The field results are shown in Fig. 3 (A, B) (03/75-02/75). During
periods of -Tow pH, the areas receiving runoff (5B, 5C) usually had as many
or more small crabs than the control area (4A) (March, August, January,
February). The largest difference in the abundance of these crabs between
the control and expérimenta] areas, however, occurred in July when these
areas hadlpH'values greater than 6.5 (Fig. 3). The larger crabs in the
field were at least three times more abundant in the control area than in
the areas receiving the over1aﬁd runoff. Such differences, evidenced by
high ratio values (No. crabs in control station/No. crabs in test area),
usually occurred at times when there was a reduction in the pH of the ex-
perimental areas to levels below 6.0, usuaily in March, August, January
and February. This indicates there was avoidance by the large crabs of the

affected areas in contrast to the behavior of the smaller crabs.
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DISCUSSION
~Although no comparable avoidance studies have been made with in-
vertebrates, these results can be compared to those with various species
of fishes. The levels of avoidance to reduced pH fell within a range

found in the literature. Jones (1947) found that the fish Gasterosteus

strongly avoided.1aboratory pH levels below 5.4. HNo behavioral reaction
to pH Tevels betwezn 6.0 - 7.0 was found. Bishai (1962} found that o]der
stages of salmon avoided water with pH lower than 6.5, which-was above

the lower incipient limiting level (6.0 - 6.2). Other studies {toxicity,
etc.) have shown similar results (Bishai, 1960; Johansson and Kihlstrom,
1973). Mount (1973), for example, found that the fathead minnow exhibited
hyperactivity, abncrmal behavior,and body deformities at pH Tevels below
6.0. The avoidance reactions of aquatic organisms to water color are largely
unknown. Although the results of this study showed that color had no
additive effect in the avoidance responses of the large crabs to runoff,
questions remain concerning such effect on the réactions of the younger
ones.

Few comparative field and laboratory avoidance studies are available
in the literature. One study invoived the avoidance by Atlantic salmon to
mine wastes (zinc and copper) in a Canadian river (Sprague, 1964; Sprague
et. al., 1965; Saunders and Sprague, 1967). The levels of the waste in the
river that caused confused movements of the salmon were about 18 times
- higher than laboratory thresholds. The authors reasoned that seasonal be-
havioral patterns of the fish such as territoriality, maternal behavier, etc.,
and the interaction of biological or physico-chemical factors may lead to
salmon tolerating higher concentrations of the pb]Tutant in the field.

Similarly, the present field study showed divergent results when compared
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to the Taboratory findings. Although the field distribution of the large

crabs did show an avoidance of the acidic areas, the distribution of the
younger ones did not. Increased numbers of these crabs were actually abundant
ip these areas at times when the pH dropped to Tevels openly avoided in the
laboratory (4.5-6,0) (August, January, February). However, the fact that

the largest difference in small blue crab abundance between the affected and
control areas occurred in July, when the pH in the former was relatively

high {6.5) suggests that other ecological factors are operating in East

Bay and determining both the spatial and temporal distribution of the crabs.
Livingston et al. (1976) showed that small blue crabs (C. sapidus) moved

into Apalachicola Bay mainly in early winter {January, February), and in
mid-to-late summer (July, August), coinciding with the times of pH drops in.
East Bay. Darnell {1959} and Tagatz (1969) found that young blue crabs seak
the shallowest and freshest areas of Lake Pontchartrain, Louisiana, and of the
St. John River (Bay), respectively, during their early life stages. This was
followed by growth and movement of the larger crabs into the deeper areas

of both fegions. These results plus the fact that in East Bay the affected
areas are about 1.3 m (4.3 ft) shallower than the control area suggest that

the distribution of blue c¢crabs in East Bay may be re]atedrboth to the 1ife cycle
of these organisms and to the relative structure (depth, etc.) of their
selected habitats. In this case, however, the relationship should be of

such magn{tude as -to override any behavioral reactions to pH levels as low as
4.0. Also, striking differences in the food resources between the control and
the affected areas may be relevant to this problem. Mclane (1977), for example,
found a more diverse and abundant inTauna (polychaetes, amphipods, etc.) in

the control station (4A) compared to the others. Also, these areas are richer in

organic debris than the control station. The possible size-related trophic response
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however, should be viewéd together, and not confounded with patterns of
intraspecific competjtion and predation (Darnell, 1959; Tagatz, 1969).

This complex interrelationship of factors that dominate final be-
havior and distribution of animals in the field complicates the extra-
polation of laboratory results to guch areas. These extrapolations are
further complicated by the fact that field gradients of chemicals (pH) are
usually ephemeral, extend for hundreds of meters and undergo short and
long term changes which are djfficu1t tojc§;re1ate with abundance of
organisms at a certain point in‘time;“ Légbréto}& gradients, in contrast,
are steep and confined to the avoidance apparatus. Thus, laboratory results
without associated field evidence may lead to inconclusive results if
they are appiied for the determination of impacf criteria.

The inability by the small crabs in the field te avoid water with the
pH reduced to levels below 6.0 is criticat. Lorng exposure to this acid
water can seriously complicate the biology of these organisms. Laboratory
and fisld toxicity studies have shown that such complications in fishes may
involve growth retardation (Beamish, 1975; Johansson and Kihlstrom, 1975),
egg mortality (Calabrese and Davis, 1967; Kwain, 1975), and ultimately tha
disappearance of entire populations from acid waters (Almer, 1974; Beamish,
1975),

Results showed that the recent major clearcutting operations above
Eact Bay were followed by the acidification of adjacent aquatic habitats.
This was attributed to the efficient and rapid channelization of the acid
runoff following moderafe to heavy local rainfall. The strong avoidance
reactions by the blue crabs indicated the sublethal effects of such runoff.
This could have sericus impiications for other sensitive faunal associations

in such areas (Laughlin et al., 1978).
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Table 1 A-B:

185

Avoidance responses by small juvenile blue crabs (20-60 mm
wide) to (A) naturally acidic and highly colored water and
to control water with the pH experimentally adjusted (B).
Crab counts were taken immediately before transposing the
water sources entering the trough arms and at the end of
each experiment {under the reversed conditions). Crabs

in the halding area of trough were not included in the
percentages or statistical tests. Avoidance index (%)
compares the proportions of crabs in the control arm
before a switch (P]) to the proportion of crabs in the
same arm after the switch (Pz). Color is given in APHA-
Platinum-Cobalt standard units (APHA, 1971); the higher the
value the darker the water. In Table A the pH of the
control water was set at 7.75 and coler at 85 units,

In B the pH of the control water ranged from 7.9 to

8.5.
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Table 2:
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Results of the avoidance experiments with large blue crabs.
Summary table includes mean avoidance va]ués with.runoff water
from the upland creek (*), control water with the pH experi-
mentally reduced {**) (to test the pH variable), and field
runoff water with the pH experimentally increased (***) (aimed
to test the color variable). The pH of the control water
varied from 8.1 to 8.2 for 217 tests. The color of the
control water in the controlled tests (**) had same values as
the experimental water. Color of control water in {(*)

had a value of 60 and in (***) had a value of 20.
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Fig.

1:

Refationship between pH and mean Avoidance Index of the smatll
blue crabs (< €60 mm; carapace width) (from Taole 1-B}. The
threshkeld pH Tevel with its 95% confidence interval s alse
shown, Cata from experiments with upland runoff were excluded,

~

£. 1.= Confidence Interval.
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Fig. 2:
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Relationship of two types of avoidance reactions and ph.

-The ratios of mean time spent in a visit to control water

to mean time spent in a visit to experimental water {with
adjusted pH} by Targe crabs is given by the solid
lina, The ratios of mean number of visits to control water

over experimental are illustrated by the broken Tine,
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Fig. 3:
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Field collections of small (0-60 mm wide) crabs (A)

and large (60-140 mm wide) crabs (B) taken at stations 4A
(control), 5B and 5C (experimenta1) from March 1975 to
February 1976. The pH fluctuaticns in the contro] and exper-
jmental {mean of 5B and 5C) stations are shown at the top of
the figure. Also given are the relaticnships (ratieos) be-
tween the number of small crabs in 58, 5C and those in 4A,
(F%gure 54) and the relationship between the number of large
crabs found in 44 and those in 5B and 5C (broken and solid

Tines}).
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Y, Benthic Infauna

Introduction

The benthic infauna of the East Bav portion of the Apalachicola
estuary were studied to determine spatial and temporal biotic variation
relative to key forcing functions of the system such as river flow, rain-
fall, runoff, and water quality. The first 20 months of data (February,
1975-September, 1976) were part of an unfinished masters thesis started
by Mr. Bradford G, Mclane. Rasic questions were asked regarding a
comparison of areas dominated.by-A§51achicoia River flow (station 4)
with upland portions of East Bay either within (stations 5A, 5B) or out-
side of (stations 4R, 6} the drainage associated with cleared portions
of the Tate's Hell Swamp. Sampling at stations 1, 1X, 3 and 6 was
dropped after the first 12 months. The basic hypothesis in the long-term
data collection involved temporal changes in benthic infaunal assemblages
in stressed areas (stations 5A, 5B) relative to contro1-5tations (4, 4A).
Complications invoelving water quality at station 4A have been described
elsewhere in this report and will not be analyzed here.

Physico-chemical functions

In addition to that on the basic background status of the physical
environment of the bay (presented elsewhere in this report), an analysis
was carried out of key physico-chenical changes at the 4 stations of

primary interest (4, 4A, 5A, 5B) from February, 1975 to the present.
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Monthiy river flow and rainfall are shown in Figs. 1 and 1A. Daily rain-
fall-in the Tate's Hell Swamp (East Bay tower) is shown in Fig. 2. During
1975 (winter-summer) there were major influxes of river water and local runoff
into the Apa?achicd]a estuary. Over the 3-year period of study, however,
there was a general decline in river f]dw and local rainfall. From late
1975 to the winter of 1978 there was little precipitation, with limited
episodes of (local) rainfall occurring during the eariy fall of 1976,

The trends in the salinity regimes at the respective -stations are given in
Figs. 3-6; there was a general salinity increase at station 4 over the
3-year period with relatively high salinity at stations 4A and 5B during
the latter months of 1976, In each instance, the Iowest.sa]inities
occurred during winter-spring periods with late summer-fall decreases
genera11y correlated with periods of local rainfall, The highest
salinities occurred during the second half of the year.

Trends of pH changes (Figs, 7-10) indicate relatively little varia-
tion in time at station 4. At station 4A, there was a general increase in
pH through ﬁid-1976; during the Tatter half of 1976 and early 1977 there
were repeated decreases in pH to levels below 6.0. During 1977, there was,
again, a brief increase in pH foilowed by a $ingle decrease in the fall.
This trend was evident at station 5A except that the winter peaks and fall
troughs were Tess extreme than at Round Bay. At station 58} there was a sharp
deciine to ﬁ relatively low pH during the summer rains of 1975. After a
decrease in pH during_the late summer of 1976, there was a general increase
in pH at this station with time. Such changes were generally correlated
with local (East Bay) rainfall distribution and clearcutting activities

in the respective drainage areas, As described,
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the general patterns of pH changes at stations 4A and 53 differed, with
deffnite recovery (i.,e., increased pH) at station 5B with time,

Biological analysis: bay-wide trends

There was a géneral decrease in total biomass, numbers of indivi-
duals, and numbers of species of infauna over the 3-year pericd of study
(TabTe 1). A Tist of ajl species taken during the study period (Table
2) indicates that most infaunal species fall into four major categories:
crustaceans, polychaetes, mollusks, and miscellaneous. Figs. 11-13
show the monthly data for numbers of individuals, species richness, and
biomass. Biomass usuaily peaked during winter and fall periods. The
river fluctuations appeared to be relatively important tﬁ such
fluctuations in terms of seasonal and annual trends of infaunal biomass,
Total numbers of individuals show a similar trend although the cold
winter of 1976 appears to have had a dampening effect on this function,
The numbers of species followed a two-peak seasonal trend with a Tong~
term downward trend until the winter of 1977-78. These data are stil]
under study, and detailed analysis will be made-at a later time,

Based on a detailed study of the first 20 months of data, the
fo]]on1ng trends were apparent:

An amphipod, Grandidierella bonnieroides, was the most abundant

species taken in the Apalachicola system. This species accounted for

18% of all ihdivfdua]s coT]eéted. Eleven other species of amphipods

were collected, as well as four species of isopods. OF the eleven species
of amphipods, Cerapus sp. was numerically important, composing 4,4%

of the total number of individuals,
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The polychaete fauna was composed of 18 species, four of which
were included in the top 9 species (numerically) in the bay. Mediomastus

califoerniensis was the most numerous polychaete and composed 15% of

the totail number of individuals. Three other_numerica11y dominant poly-

chaetes were Amphicteis gunneri, Strebicspio benedicti, and Lasonereis

culveri. These, in turn, composed 7%, 6%, and 4% of the total number
of individuals,
The mollusca constituted ten species, two of which were numerically

important. Mactra fragilis, a bivalve, was the mest important species

(8% of the total number of individuals} while Littoridina sphinctostoma
made up ancther 6%,
In order, the nine most important species of the total infauna wers

the follewing: Grandidierelia bornieroides, Dicrontindipes sp., Meciomastus

californiensis, Mactra fregilis, Littoridina sphinctostoma,. Amphicieis

guinneri. Streblospio bepedicti, Cerapus sp., and Laeonereis culveri. Ele-

ven species (Amphicteis gunneri, Mediomasius californiensis, Streblospic

benedicti, Grandi...erella bonnieroides, Mactra fragilis, Macoma mitchelild,

Dicrontendipes sp., Capitella capitata, Loandalia americana, Polydora

ligni, and Cyathura polita) were collected at all the stations,

while ail others were collected at four stations or less. Eighteen
species were collected only once, Others such as Fabricia sp., Glycinde

solitaria, Haploscoloplos fragilis, Polydontes lupira, Sigamora bassi,

Paracaprella tenuis, Lentochelia rapax, Ampelisca vadorum, Ogyrides

limicola and Pseudocyrena floridana, were collected only at staticn 4,

This was thought to be a result of the relatively high salinity in this

area,
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An apparént migration of several species occurred during the sampling
peribd. Cerapus sp. were collected at statien 4 only during the first
three months of sampling. They appeared at station 6 during the sixth
month of sampling in very large numbers, They were collected there for
three menths, after which time very few were found. This species was
found at 5A jn significant quantities only during the eighth and ninth
months, Littoridina was nct collected during the winter at station 5A,

but was abundant there during the rest of the year.

Station 4
The six most abundant species in this area, in descending order,

were the following: Mediomastus californiensis, Streblosnio benedicti,

Auphicieis gurneri, Loandalia americana, Capitella capitata, Corophium

louisisnum. Peak numbers were found from February through June the first
year. This peak was not repeated the second year, but rumbers increasad
slightly in January of 1976 and fluctuated Jittle throughout the remainder

of the vear,

Station 5A
The top six species at this station were as follows: Littoridina

sphinctostena, Mactra fragilis, Grandidierelia bonnieroides. Medicmastus

californiensis, Dicontendipes sp., Macoma mitchelli. The number of

individuals collected at this station ranged from 1,029/m? to 7,534/n%,
with a mean of 4,139/m2. Peak numbers were found during spring months
(April-June). Numbers of species fluctuated continuously with no

apparent trend.



201

Station 4A

m—— e n

The six most abundant species at this station were: Grandidierella

bonniergides, Dicrontendipes sp., Laeonereis culveri, a nematode, Medio-

mastus californiensis, Amphicteis qunneri. Peak numbers were recorded

during winter months (Novemberndénuary) with low nunbers during summer
months (April-August). Monthly totals ranged from 679/rn2 to 5,825/m2
with a mean of 3,2]9/m2. The monthly nunber of species fluctuated

relatively Tittle, with no apparent trend.

Staticn 6
In this area, the six most abundant species (in descending order)

were: Grandidierel‘a bonnieroides, Cerapus sp., Dicrontendipas sp.,

Amphicteis gunneri, Mediomastus californiensis, Laconereis culvers,

Peak numbers were recorded in summer and early fall months (July-
September) and Tow values during spring (Aprit-iHay) and fall periods
(October-December). Total numbers of individuals ranged from 1,380/m2
10 10,512/m2 with a mean of 4,358/m2. The nunber of species fluctuated

with no apparent seasonal trend,

Station 5B

The top six species were as follows: Dicroniendipes sp., Streblos-

i0 benedicti, Mediomastus californiensis, Mactra fragilis, Amphicteis
= r

gunneri, Grandidierella borniercides. Peak numbers were found during

winter-zpring months (November-March) with low levels in suwiwner months
(May-July). One exceﬁtion to this trend occurred during August of
1976. The total number of individuals ranged from 591/m2 to 7,796/m2

with a monthly average of 2,228/m2. The number of species collected
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was considerably reduced during specific¢ sumner months (August, June,
September) while remaining relatively constant during the rest of the

year,

Biomass figures for the first year of study are shown in Table 3.
By far, the most productive was station 1X, followed by SA and 3. Peak
values of biomass occurred during winter snd early spring months
at stations 1X, 2, 3, 4, 5A, and 5B. Biomass at grassbed-dominated
stations in East Bay (4A, 6) tended to peak during fall months. This
was probably related to associated die-offs of benthis macrophytes in
these areas. With the exception of station 5A, upland stations (4, 4A,
53, 6) had the lowest mean biomass. The 1dwest monthly figuves
occurred at station 5B during August and September (1975) and June,
July, and September of 1976. This coincided generally with periods
of increased local rainfall, increased color, and reduced pH and dissolved
oxygan, Dominance tended to peak during summer and fall months
(Dc = 98-100% during August, 1975, and June-September, 1976). This
is indicative of stress at this station during these periods.

Impact analysis: Tlong-term trends

The analysis of impact was complicated by the fact that natural
upland runoff tends to stress upland portions of the bay regardless of
proximity ts runoff from the areas of Tate's Hell Swamp disturbed by
forestry operations (Table 3). Such upland areas are continually sub-
Jected to rapid drops in salinity and short-term changes in various
key environmentai factors. This tends to stress specific populations

and reduce biomass, species richness, and various diversity indices,
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s noted previousiy, feur stations were used for .o

analysis. Station 4 is a river-dominated area in East
4A (Round Bay) is out of the direct East/West Bayou dre
until the ditching and c?e&ring of 1976, this area was
free of impact associated with upland forestry operatio
5B (West Bayou) is in the drainage svstem associated witr
operations, while SA is loczted farther out in the bay,
the West Baycu drainage pattern, This area is closely a;
upland Vallisneria beds. As noted above, these stations
_reflect seasonal trends of winter/spring river flow and f |
of benthic macrophytes,

Three-year tvends of numbers of individuals and bioms
various East Bay stations are shown in Figs. 14-27. At st °

ther. were somewhat contradictory patterns with large numbe.

individuals (due primarily to two species: Medigmastus cal

and Strebiosnio bepedicti) during the first winter of sampi

relatively low numbers of individuals in the following mont{
Biomass tended to follow a double meak {spring/fall} with in
often coinciding with increased river flow. At station 1A,
and bicmass generally peaked during summer/fall geriods., The
was a generally low level of infaunal producticn duving the u
from 1976 to mid-1977. This coincided with the relatively To
levels during the carly fall of 1976 and the cold winter of 1t
and was probably the result of a combination cf these factors.
was a return to previously high levels during the foliswing fa

Station 5A showed a general decline in both numbcrs and biomase
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winter peaks of biomass generally decreasing with time, Station 5B
showed generally low biomass and numbers of individuals with the
winter peaks suppressed during the cold winter of 1976-77. Peak numbers
of individuals occurred during 1976; tihis could reflect salinity changes
and other water quality trends noted above

The 3-year changes of species richness and diversity are shown
in Figs. 22-25. There was a general decline in the number of species
(species richness; with time at station 4. Species richness at
station 4A tended to reach a low level during 1976 with subsequent
increases during 1977, At station 5A, species richness tended to
decrease with time. However, at station 5B, there was a sustained
increase in the species richness during the last year of sampling. Low
tevels occuvred during summer periods of Tow water quality. Species
richness at this staticn was generaf]y_]ower than at the other 3 study
sites. With some exceptions, the species diversity teﬁded to follow
the trends of species richness. Again, there was extiremely low diversity
during summer periods of high rainfail during the first two years of
sampiing. There seemed to be a recovery of diversity during 1977. This
would indicate that the benthic infauna in upper East Bay reflect the
water quality trends noted at stations 4A and 5B. Buring periods of
sustainéd rainfall in the Tate's Hell Swamp, there were definite short-
tern reactions of the infauna to changes in associated water quality
parametars and such changes also occurred at the control station (44)
in such a way as to indicate that forestry operations in the Round
Bay drainage contributed to the stress of the biologicé] (eétuarine)
system. Tliese relationships are corroborated by graphical comparisons

of different indices in Figs. 25-28.
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Jate indicate that there are short- and long-term trends in the
infauna1 assemblages of East Bay which are closely aligned with water
quality varfations associated with rainfall patterns and runoff conditions.

Ceartame kv stresst {increased runoff and resultant water

I

“oeoquality chzrngon gue tu “orestro erations) were characterized by

infaunal assanblages witi reduced species richness and diversity indices.
Increased runoff (ollowing the ciearing of an upland area and increases
in local rainfall led to immediate adverse impact. The extent of such
impact appeared o depond o uhe extent of land manipulatibn and the
rainfall conditions in the Tate's Hell Swamp., Such f]ucpuations are
superimposed over long-term trends which tend to follow river flow
phenomena and long-term (annual) fluctuations of local rainfall activity.
The changes in the control station (4A} and the area of primary impact
(station 5B) indicate that local forestry operations do have an
adverse impact on the infauna, but that it is of short duration (one
season), and is relevant only within the context of the long-term
trends in the bay. As yet, these trends remain largely undetermined,
although there are indications that they are the result of trophic
phenomena and water gquality changes associated with long-term trends
of Apalachicola River flow and local rainfall.

These studies have been continued as one part of an e%fort to
analyze long-term trends and associations of estuarine organisms in

the Apajachicola estuary with key physico-chemfca] forcing functions.



Table 1:

Year |
Year 2

Year 3
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Summary totals {annual) for benthic infauna taken in East
Bay (stations 4, 4A, 5A, 5B) from 2/75% to 1/78.

. Biomass (ash-free
Number of species Number of individuals dry weight in grams)

56 151,594 113.3
49 104,851 . 102.4
51 98,539 58.3
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Table 2: List of infduna species found in the Apalachicola estuary
(stations 4, 4A, 5A, 5B) from 2/75 to 1/78.

{rustacea
A = amphipod
M = mysid
I = isopod
D = decapod
T = tanaid

Grandidierella bonnieroides

Corophium louisianum
Cerapus sp.

Gammarus sp.
Cyathura polita

Edotea montosa
Taphromysis bowmani
Ogyrides 1imicola
Mysidopsis almyra
Rhithrcpanopeus harrisii
Bowmaniella dissimilis
Gammarus mucronatus
Callianassa jamaicense
Ampelisca vadorum -
Cassidinidea ovalis
Hemigena minuta
Paracaprella tenuis
Cymadusa compta
Erichsonella Tiliformis
Mysidopsis bigelowl
Neopanope texana
Melita sp. ,
Gammarus sp.
Callinectes sapidus
copepods

Leptochelia rapax
Callianassa atlantica
shrimp larvae _
Toxeuma carolinense
Munna reynoldsi

Melita appendiculata
Pinnixia chaetopterana
Mysidopsis furca
Mysidopsis bahia
Hippolyte zostericola

OEREZor~Oooo - D:D}UEH}I?DH:DU:DZDZ-UZHH:D:D:DJ‘-'

.Mollusca

Mactra fragilis
Littoridina sphinctostoma
Macoma mitchelli
Spisuia solidissima
Neritina reclivata
Rangia cuneata
Littorina sp.
Brachiodontes exustus
Gastropod sp. 1
Gastropod sp. 2
Pseudocyrena floridanus

Polychaeta

Mediomastus californiensis
Amphicteis gunneri
Streblospio benedicti
Laeonereis culveri
Loandalia americana
Capitella capitata
Sigambra basst

ycinde solitaria
HapTloscoloplos fragilis
Polydora Tign?
Neanthes succinea
Paraprionospio pinnata
Polydora websteri
Reteromastus 7tiliformis
Fabricia sp.
Syl1id sp.
Notomastus hemipodus
CapitelTides Jonesi

Miscellaneous

insect larvae
nemertean sp.
nematode sp.
oligochaete sp. 1
oligochaete sp. 2
cumacean sp.
anemone sp.
turbellarian sp.
nudibranch
ostracod
hydrozoan



Table 3:

DATE
2/75
3/75
4/75
5/75
6/75
7/75
8/75
9/75 -
10/75
11/7%
12/75
1/76
2/76
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Biomass (ash-free dry weight, g/mz) of benthic infauna in the
Apalachicola estuary (excluding Callinectes sapidus, Penaeus

spp., and Rhithropanopeus)

12-month means'

STATIONS

X 1 3 4 4A 5A 5B 6

_ 0.592 . 1.205 7.211 1.359
19.508 0.241 4.753 1.227 1.468 7.781 0.326
56.378 1.074 5,129 1,074 0.898 5.019 0.613
13.743 1.644 2,608 1.994 0.460 7.277 0.416 0.153
15,957 1.512 4.384 0.197 0.065 6.334 0.306 1.293
4.690 0.635 1.709 0.328 0.767 1.161 0.109 0.569
7.365 0.854  3.265 2;301 0.504 1.950 0.027 1.008
7.832 1.490 1.994 1.841 2.082 2.717 0.065 1.205
9.314 3.068 2.321 0.679 2.520 4.6%0 2.476 0.1F2
7.080 0.635 2.586 0.460 1.446 0.591 0.372 1.249
9.074 1.337 2.338 0.920 0.876 9.4569 3,178 0.328
13.261 | 4.932° 1.578 1.534 0.723 9.359 2.564 0.964
27.354 0.197  2.410 0.109 0.766 6,554 2.630 0.613
15,96 1.45 2.92_ 1.02 1.06 5.39 1.21 0.72
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VI, Leaf-litter Assemblages

Intiroduction

From January, 1974 to December, 1874, a study was carried out at
three stations (1X, 3, 5A) in the Apalachicola estuary to determine the
species compoasition and general structure of the communify of organisms
associated with Teaf litter which was comnonly found in the bay system.
In addition to the usual physico-chemical measurements, 4 baskets
containing pre-weighec leaves and 2 controls (no leaves) were dropped
in the bay and recovered later {at weekly intervals for 4-€ weeks) to
determine the composition of the litter assemblages. Three separat
espiviments were conducted at intervals through 1974 and the results
were analyzed as weexly accumuiations and total numbefs per sampling
period,

Physico~chemical functions

-~

A one-year profile of various physical conditions in the three primary
study sites is presented in Fig, 1. Water temperature varied littie

from one station to the next; peaks cccurred during 1ate.summer months with
eriods of fransition in the spring and fall. Biological campling

teok place during periods of increasing, pedk, and decresasing water
temperature levels. River flow peaked dguring late winter and spring months
of 1974, FElevated turbidity peralleled river flow at stations 3 and SA.

Farther cut in the bay, station TX was characterized by constant low

™o
cC
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Luclioits s s, being Tess influenced {directly) by river flow, Locai
rainfall, out of phase with river flow, peaked during late summer and

early fail. Such rainfall was correlated with increased levels of color
Cin water &' ' ore stations such as 5A and, to a lesser degree, station 3.
Color appeared t- be more < r:able than turbidity and often had a direct
(inverse) reiationsiip with salinity. Color was uniformly iow at station
1X; this was in direct contrast to the situaticn at station 5A, where the
temporal patterns of color followed the local rainfall distribution.
Salinity tended ©- 777 -+ these lines. Station 1X was clearly influencad
by river flow and rain€2?1 to a lesser degree than were stations 3 and

S5A. Station 5A appeared to be primarily affected by local rainfall, having
a low mean salinity over the study period with considerable seasonal variation.
During winter and spring months, salinity was gencrally very low in East
Bay. Increeses in salinity occurred during summer and fall periods in tiis
area with significant variation due to Tocal rainfall and runoff condi-
tions. Station 3, with somewhat higher mean salinities, reflected this
pattern tc a ceri. . degree, .although veriaticon was somewhati Tess extrane
and there were generally higher salinity levels during the winter-spring
period than in upland portions of the estuary. During-the summer,
salinities were comparable at stations 3 and 5A, The comparatively

small influence of contiguous Tand areas on staticn 3 was also reflected

in these ¢zt=. Thus, the physical parameters at the three primary collection
stations were primarily based on their location, temporal variations

of river flow, metcorological phenomena (local rainfall}, and land

runoff conditions., These data are consistent with long-term studies

of the Apalachicola Bay system as a whole.
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Biotogizal associations

The results of the Teaf basket experiments are shown in Table ]
and Fig. 2. In'every instance, there was a sionificant difference
(in terms of numbers of species and individuals) between empty baskets and
those containing leaf litter. The presence of organisms in empty
sampling devices indicates that the enclosures may have a certain shelter
function. There was usually a consistent within-station similarity in
species composition. Although there was station-to-station variation in
species associations, increased salinity was associated with increaséd
between-station similarity. Sucit chenges were often characterized by

increased dominance of species such as Gammarus mucronatus, Melita so.,

Ericthonius brasiliensis, and Gitanonsis sp.  Since such associations -

were most pravalent during the fall it is probable that factors other
than salinity are involved in the determinaticn of species composition
of the leaf litter assocciations. Another important seascnal function
in thjs case would he water temperature, although changés in functions

-~
i

such as stormwater runotf (local rainfall) should alsc be taken into
consideration.

In terms of numbers of individuals (N), the iowest totals occurred
at station SA during the Tete summer period. This coincided with
hieavy rain7all in the East Bay area (reflected in the water color data).
Such a ﬁattérn reflects stress at this time although recovery was evidently
rapid since the fall samples at 5A were characterized by relatively
high numbers of individuals. During the summer sampling at staticn SA
thera was a decrease in numbers of individuals, numbers of species,

Margalef richness, and Shannon diversity with time. Overall, numbers
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of species (S), Marjelef richness (Ma), and Shannon-Weaver diversity (H')
increased at- all three stations with time. Such indices usually peaked
during the fall., Associated with this, there was a general decrease in
relative dominance with time. Overall, the patterns of changes tended

to reflect stressful conditions in upper East Bay during the Tate suminer
of 1974.

Apparently, salinity had an importent effect on the distribution of
litter-associated organisms in the bay. This is shown in Fig. 3. High
posﬁtive correlations were found between S and two parameters (Margalef
richness and log N). There were also significant correlations of
salinity with S, log N, and species richness. It appears that salinity
is a primary determinant of leaf litter assamblages. Regression ina }sis
confirims some of these results (F = 30.4; 02 = .26 for salinity and
‘.oge NY. The numbers of species and individuais taken at 4 given time
varied directly with salinity. General salinity increaces in the fail

- .
i

coincided with incraased similarity coefficients

w

o that even qualifative
changes in leaf litter fauna were not unrelated to salinity. The
data would thus indicatz that saiinity is an important parameter
concerning the leaf litter assemblages in the Apalachicola Bay system.
Howevér, compared to the other 2 stations, the numbars of individuals and
Spécies taken at 5A were unevenly distributed, There were consicieitly |
N and S values at the same salinities indicating the possibility of
inhihitory factors other than salinity. These data Lhus tend to indicate

stress in portions of East Bay which coutd be associated with rainfall,

Ve
-

upland runoff, and decreases in water quality in eastern porticns of Eust 7.
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Figure 1: Apalachicola River flow, local rainfall, and physical parasecters
(temperature, salinity, coler, turbidity) at primary sawpling

stations from January to December (1974}).
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(1ogeN) of Teaf litter invertebrates with salinity for data

~

taken at 3 stations in Apalachiccia Bay.
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VII. Upper East Bay Grassbeds (Vallisneria americana)

Introduction

Details congerning this portion of the study can be found in a
Masters thesis by Bruce Howard Purcel) (1977). Other comprehensive studies
have been made on epibenthic assemblages inhabiting seagrasses in the
shallow coastal and estuarine areas of the Gulf of ﬁexico (Reid, 1954;
Simmons, 1957; Darnell, 1958, 1961; Tabb and Manning, 1961; Hoese and
Jones, 1963; Diagovitch and Kelley, 1964, Parker, 1969; Eidemiller, 1972,
Weaver and Holloway, 1974, Heck, 1978; Hooks et al., 1976; Livingston
et al., 1976). Studies of communities associated with mixed assemblages
of Timnic benthic macrophytes are also available {(Nevin and Tounes, 1935;

Krecker, 1939; Harrod, 1964; Soszka, 1975), including Wisconsin macrophyte .

beds containing Vallisneria americana (Muttkowski, 1818; Andrews and Hasler

1943; Andrews, 1946). The only studies involving V. americana beds in
estuarine areas were conducted in the upper Caloosahatchee Estuéry, Florida
(Phillips and Springer, 1960; Gunter and Hall, 1965), Sdch studies concen-
trated on species composition, sizé distribution, and biotic reaction to
temperature and salinity variations.

Vallisneria Tocated in eastern portions of East Bay received highly
colored, acidic runoff during periods of heavy rainfall (Livingston,
1977; Livingston et al., 1977b). This study of the epibentﬁic fauna
associated with V. americana beds in East Bay has been undertaken to
determine the basic productivity and eco]ogica1're1ationships of such areas
and to provide a baseline study of these beds with regard to functions

related to episodic physico-chemical changes associated with upland runoff.

249
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Physico-chemical and biological data were coilected monthly from
November, 1975, to October, 1976, from two stations located in

Vallisneria americana beds of upper East Bay, Franklin County,

Florida, Sampling stations were located in the mouth of West Bayou

and in the central, southern portion of Round Bay. The West Bayou
station was located in an area subjected to periodic runoff from

upland clearcutting. The Round Bay station served as a control because,
until August, 1976, it did not receive ény such runoff.

Results -

Benthic macrophytes. The benthic macrophyte community at West Bayou

consisted of the fresh-water monocots V. americana and Potamogeton pusillus

and the brackish and marine monocot Ruppia maritima. In addition to these
species, the green alga Cladophora sp. and one specimen of the marine macro-

phyte Halophila engelmanni were collected at Round Bay. The plant bjomass

in both areas was dominated by V. americana, which comprised over 99.7%
of fhe total yearly dry-weight figures.

A perennial with annual regrowth, V. americana entered a dormant stage
in the winter (December through February), which consisted of rootstocks to
which were attached short, decayed stubs that had once been the bases of leaves.
These rootstocks were slightly broader and less numerous at Round Bay than at
West Bayou.

Once grgwth began, it was rapid. Spring growth began for most
of the Vallisneria plants in Round Bay prior to March 20 and in West
Bayou prior to April 20. By April most of the leaves and'female flowers
(especially at Round Baj) were easily reaching the surface from a depth
of one meter. From their maximum of hundreds per 100 mé in April, the

female flowers gradually decreased in number until their disappearance
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in October. By May the Vallisneria had turned darker green and had
reached its maximum length of 1.2 meters, which it maintained through
July. The water surface was covered with numerous, free-floating male
flowers in May and June, which had been released from capsules attached
to the base of the plants. These f]oWers decreased considerably in
July and disappeared in August. The growth and to some extent biomass
of the V. americana (Fig. 1)} coincided with water temperature but not
with any other physico-chemical parameters. Temperature appeared to
be Timiting to this species in the vicinity of 20°C. Below this level
the plants were dormant; above it they grew,

Rapid spring growth and productivity was followed by gradual
decay through the summer and rapid regrowth in the fall, Browning at
the end of the Teaves was noticeable in both areas as early as May.
By August the leaf ends had degenerated and only 70-85 cm of the leaves
remained. Of this remainder, holes and brown areas were extensive in
the center of the blades, and the terminal 10-]5 cm were frayed and
completely brown. This condition had wbrsened by September and October
until the plants were only about 40 cm long, largely brown, full of
holes, and decayed at the ends. Although thére-had been a small
amount of new plant growth evident even since the initial spring bloom
had ended, there was a surprisingly large surge of new grbwth in Sep-
tember éhd October coincident with the older leaves dying away. In
September about half of the plants had initiated growth from old
rootstocks. In October at Round Bay, almost all of the rootstocks
had begun new growth, and an egual number of entirely new shoots had

arisen from rhizomes. In October at West Bayou, new growth occurred on

v
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about half of the old rootstocks and from an equal number of rhizomes.
The maximum cumulative net production for the year was estimated as
320 g/m2 for Round Bay and 350 g/m2 for West Bayou.

In July and to a lesser degree in June, Cladophora sp. floated on
the surface of Round Bay in large mats over the benthic macrophytes.
It submerged in August along with the ends of the Vallisneria to which
it was ]oosé]y attached. It was not observed in West Bayou br at
any other time of the year. | |

Epibenthic fishes and invertebrates, Table 1 gives a complete

list of the species collected by the dredge and surface nets, and
Table 2 1ists the species collected by seining. Ninety-one species of
invertebrates and forty species of fishes were collected. The larvae
and juveniles of some‘groups, such as the insects, penaeids, and
centrarchids, posed major obstacles to identification. For example,
the penaeid shrimp were not identifiable if they were ungrooved and
12-18 mm long or grooved and 12-25 mm long (Williams, 1959, 1965;
Farfante, 1970}). The size and degree of identification of the centrar-
chids followed a temporal succession. Centrarchid spp. &8 mm) first
occurred and peaked in April. In the following month, there was a
peak in Lepomis sp. (9-15 mm) and, in June and July, there was a small
peak in L. microlophus (>15 mm) and a single L. punctatus (>15 mm).

A second peak in centrarchid spp. in.July and August, however, was

followed by a peak in Enneacanthus gloriosus (>8 mm) in August and

September. Thus a few species may be 1isted under more than one
non-specific name, and a non-specific name may encompass more than one

species. The fauna collected by seining represent some of the larger
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individuals that occurred in the V, americana beds. The fish species

Cynoscion nebulosus, Lepisosteus osseus, and Lutjanus griseus were

collected only by seining. Most species seined were found at both
_ stations; nevertheless, four fish species were seined only in Round Bay
and three fish species and two penaeid species were seined only in
West Bayou. |

Monthly variation in the numbers of fishes and invertebrates,
the fish and invertebrate biomass, the number of fish and invertebrate
species, and the species diversity indices did not coincide with the
monthly changes in the various physico-chemical parameters. Excluding
the species diversity indices, they also did not coincide with one
another. These common dissimilarities had two exceptions. First, the
abundance and biomass of the invertebrates and Round Bay fishes
dropped in January and February corresponding to the Tow temperature
and lack of benthic macrophytes. Second, for the invertebrate
bioma;s and the Hurlbert index of the whole community, the monthly
fluctuation of the day values corresponded fairly well with that of the
night values. A1l these parameters, however, were usually higher at
night and at the bottom. With few exceptions the species present in the
daytime at the surface were also at the bottom. At night, however,
numerous fjsh and invertebrate species were only found either at the
surface or at the bottom,

Twenty-five hundred fish and 342,894 invertebrates were collected.
The total invertebrate biomass was much greater than the fish biomass.
Unlike the number of species, the abundance and biomass were more

nearly alike between the bottom and the surface during the time of the
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year (April-July) when the Vallisneria extended to the water's surface,
Although the abundance was higher at Round Bay than at West Bayou,
the opposite was true for the biomass. The monthly biomass of the

invertebrates closely followed the biomass of Neritina reciivata

because of the species' extremely high biomass dominance. Since the
biomass of this snail, however, was based on its average size, which
changed throughout the year, the biomass of the community was overesti-
mated for certain times of the year and underestimated for other times.
The invertebfate biomass corresponded fairly well with the growth of
V. americana, but the fish biomass did not.

The Shannon index, Hurlbert's 4y, and the Simpson index coincided
throughout the year so only the monthly values for the Hurlbert index
are listed. Owing to the fishes being a numerically small fraction of
the whole community, the values of these indices for the invertebrates
alone were essentially identical to those for the whole community;
consequently, on]y'the whole community and fishes are discussed.
Fluctuations in the top dominant (N. reclivata} accounted forla number
of the values observed in the indices. For example, the peak in the
indices during the winter at West Bayou was largely a result of the
reduced dominance, which occurred when the abundance of N. reclivata
dropged considerably. The Shannon index from both areas for the inver-
tebrﬁtes”ranged from 0.12 to 2.15 (mean 0.84) in the day and 0.66 to
2.16 (mean 1.31) at night. For the fishes it ranged from 0.43 to 1.43
(mean 0.97) in the day and 0.42 to 1.90 (mean 1.43) at night. The
Margalef index of species richness did not correspond with the above

indices. The mean of each diversity index was similar at the two stations
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although the fish diversity was somewhat higher at West Bayou and the
- whole community diversity was usually higher at Round Bay.

The annual ‘dominance was higher during the day than at night
and among the whole community (i.e. the invertebrates) than among
the fishes. Monthly dominance did not coincide with any of the
physico-chemical parameters. Thé same dominant specie§ were usually
present day and night although they shifted rank each month. Single-~

species dominance (Neritina reclivata) was higher at West Bayou than

at Round Bay. The dominance of the top four species, however, was
higher at Round Bay at night and with combined day-night figures.

This shift was due to massive popuiations of Odostomia sp., Gammarus

macromucronatus, and Taphromysis bowmani at Round Bay, The increased

abundance of these three populations at Round Bay more than equaled
the considerable difference in the total abundance between the two
areas.

- For the fishes, the dominance was almost always higher at Round
Bay, and the dominant species were usually different. The higher
abundance and dominance at Round Bay was due largely to the rainwater

ki1lifish (Lucania parva) which composed 50.7% of the total abundance

{compared to only 7.6% at West Bayou). More than twice the number of

pipefish (Syngnathus scovelli) were collected in Round Bay. Other

groups which. contributed to this difference in species composition

were the centrarchids and Heterandria formosa, which were much more

prevalent at Round Bay, and Leiostomus xanthurus, Lagodon rhomboides,

Anchoa mitchelli, and Micropogon undulatus, which were much more

abundant at West Bayou.
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The species Neritina reclivata underwent a population crash in

the early winter followed by a rapid recovery two months later. This
recovery immedjately preceded the initial growth of Vallisneria,

These snails were not found in abundance on the upper portion of the

V. americana leaves until May or June when the epiphytes became more
abundant. More were collected at night from late spfing into fall.

The gastropod Odostomia sp. was collected more frequently at night

than during the day. In the summer it was present throughout the water

column as was N, reclivata. With rare exceptions Taphromysis bowmani

and Mysidopsis bahia, as with all the mysid species that were collected,

were more abundant at night. Rarely was T. bowmani collected at the
surface and only once was it collected there in the daytime. Regardless
‘of the leaves' height, however, M. bahia was often found at night

near the surface. The amphipods Grandidierella bonnieroides and Gammarus

macromucronatus were "out" much more at night than during the day and

showed no definite preference for the bottom or for the surface, The

number of G. macromucronatus correspanded with higher salinity. Since

the insect larva Zygoptera spp. clings to macrophyte leaves, it was
rarely found at the surface other than when the leaves extended to the
surface, It was collected more often at night. The commercially

important blue crab Callinectes sapidus and the caridean shrimp

Palaemonetes pugio were more numerous at night and on the bottom. The
shrimp species was abundant throughout the year, The brackish-water

cyprinodont Lucania parva was usually more prevalent at night;

with one exception, it was not abundant at the surface, Collection of

the pipefish Syngnathus scovelli was not dependent on the time of day
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but this species was much more prevafent at the bottom than at the surface,
Its presence coincided with higher salinity and river flow. The other

'six dominant fishes were very seasonal with most having occurred
abundantly for only a short time during the year., With the exception

of Menidia beryllina, they were found in greater numbers at the bottom

than at the.surface. The species Menidia beryllina, Brevoortia

patronus and Microgobius gulosus were more abundant at night,

but Lagodon rhomboides, Leiostomus xanthurus, and ‘centrarchid spp.

were not more prevalent at any particular time of day.

Among the thirty-seven fish species, there were twenty-four
marine, ten fresh-water, and three brackish-water fonﬁs. Similarly,
of the thirty-three most abundant invertebrate species, there were
fourteen marine, fourteen fresh-water, and five brackish-water forms.
Eleven of the fresh-water invertebrate species were insect larvae. The
other salinity classifications were composed of mixed groups.

Measurements of biomass in the East Bay grassbeds are shown in
Table 3 and Fig. 1. Differences in the spatial distribution of such
macrophytes were responsible for some month to month variability as a
result of the sampling methods used. It was estimated that some
Vallisneria leaves had died by September and the generally high tevels
of biomass at this time were considered an artifact of the sampling
procedﬁrest Consequently, biomass maxima for estimates of productivity
were taken from the June data. Losses due'to grazing were considered
negligible and there was no observable leaf loss prior to August, There
was some loss of female flowering parts prior to the summer maximé,

which could have made the productivity estimates somewhat conservative.
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This was probably counterbalanced by the presence of unremoved
epiphytes, although few calcified epiphytes were observed throughout
the period of sampling. The grassbeds at station 4A showed higher
biomass than those at station 48 although the seasonal patterns were
generally similar with low biomass occurring during winter and early
spring months (December-April) and high biomass during the summer and
early fall (June-October). Transition periods occurred in November and
May with the first new growth noted in March. Leaves reached the surface
by April, and leaf death was first sighted in August. Productivity
figures (Table 4) were comparable in the two study areas.

The top 10 species in terms of biomass are given in Table 5. As

shown, the gastropod Neritina reclivata was a strong dominant in the

area of study. Monthly biomass figures for the study areas are shown
in Table 6. The figures at stations 4A and 4B are comparable
with generally higher figures at depth except during the period from
M&y to July when peak values in surface collections were taken. Peak
biomass figures were evident in both areas during spring {March-May)
and late fall (November -December) periods. These periods ceincided
roughly with periods of transition in grassbed areas (i.e., growth and
death) and probably reflected changes in habitat associated with shelter-
seeking and feeding functions of the individual species.

fﬁe physico-chemi;al differences in the two areas could explain
some of the biomass fluctuations. During the months of November and
December, 1975, salinity at station 4B approximated 6-11 ppt whereas at
station 4A it never eiceeded 3.8 ppt. This difference was associated

with the biomass increases at 4B. From January to July (1976), there
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were uniformly low salinity conditions at both stations with moderate
increases (0-6 ppt) from August to October at both stations. Low
pH, high color; and reduced dissolved oxygen (indicating local runoff)
occurred at station 4B (relative to QA) during March, July, September,
and October. These periods coincided with decreases in biomass at
station 4B relative to 4A. Analysis of biomass ratfos (Table 4)
indicates that with the exception of January (when biomass was low at
both stations because of extremely low winter temperatures), the biomass
levels at 4B were relatively lower during those months df increased
runoff and reduced water quality. Such changes were not as clear with
respect to species richness and diversity parameters, individual
poputation changes, etc. Thus, preliminary observations indicate
stress in grassbed areas associated with the West Bayou drainage
patterns when compared to biomass fluctuations where community analysis
did not reveal overt varijations associated with such runoff,

A comparison of grass-bed and mud-flat conditioﬁs in given in
Figs. 2-5. In contrast with the findings of previous researchers of
the mud-flat areas of East Bay (Laughlin, 1976; Duncan, 1977; Livingston,
1977; Livingston et al., 1977a, Mclane, 1977), the period of the darkest,
most turbid and acidic water occurred in the spring after little or
no rainfall and coincided instead with the highest f1o§ of the
ApalabhicSIa River. Some water-quality parameters also coincided,
however, with the period of heavy rainfallI(August-October). Color
jncreased and pH decreased at West Bayou in September and QOctober;
pH dropped at Round Bay in September. The pH of the water over the 1..

americana did not appear to become limiting, and it had no noticeable
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effect on the epibenthic community. Since photasynthesis tends to
jncrease pH and since pH was higher in the grassbeds than in the
surrounding areas, the Vallisneria could-have buffered the associated
animals from the full effect of the acidic runoff. This may be the
reason for the ambiguous biclogical résults.

There were three conditions associated with the study areas which
may have contributed to the high dominance in the biological assemblages.
First, since comparable diversity values have been-observed for the
fish and invertebrate communities of adjacent Apalachicola Bay
(Livingston, 1976), which is relatively unpolluted (Livingston et 2l.,
1974: Livingston, 1976), it is probable that the diveréity of this
bay system was affected by the natural, environmental stress typical of
estuaries. Second, the low diversity may also have been caused by
the low salinity of upper East Bay, which tended to restrict the
marine species not having osmoregulatory adaptability. Low salinity
bay heads were found to have comparatively meager fauna by Ladd (1951),
Zenkevitch (1963), Parker (1969), Storrs et al. (1969), and Harrel et al.
(1976) . Third, in terms of animals living on the plant surface,
Vallisneria has been found to be less productive than other benthic
macrophytes.

Although most of the dominant invertebrate species were present
throughbutathe year, nearly all were much more prevalent in some
months than in others. High spatial and temporal variability in species
abundance and composition has also been a common observance in other
macrophyte beds {Andrews and Hasler, 1943; Andrews, 1946, Rosine,-1955;
Harrod, 1964; Macan, 1965; Marsh, '1973; Pieczynski, 1973; Soszka, 1975;.
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Heck, 1976}, All1 of the fishes except resident species {Syngnathus

scovelli and Lucania parva) were characterized by sharp peaks in abun-

dance with scarcity or absence during the remaining months. These sharp
peaks were usually attributable to juveniles, who used the Vallisneria
-beds as a nursery ground on a seasonal basis in conjunction with their
reproductive cycle, The dominant species peaked at the same time in

Round Bay and West Bayou with the exception of Odostomia sp., Palaemonetes

pugio, and Gammarus macromucronatus.

'Investigators have found that specific dominants were staggered
in time while the actual community structure remained relatively
stable throughout the annual cycle (Haedrich and Haedrich, 1974;
Lifingston, 1876; Livingston et al., 1977¢c). Likewise, the peaks
in numerical abundance of the domfnant fishes and invertebrates at
Round Bay were found to be evenly staggered throughout the year (Tables
4 and 6). At West Bayou, however, most of the dominant fish species

(Leiostomus xanthurus, Lagodon rhomboides, Brevoortia patronus, and

Gobioﬁe]]us boleosoma) were prevalent in the Vallisneria only when the

water was extremely dark and turbid. This condition may have helped

to protect these young fishes from predators,
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TABLE 1: Complete list of spaecies collected by traulinn from both
staticns with their abundance and biomass for the year. PRloracs .

0.0005 o indicated by " * 7,

INVERTEEBRATES
Species ilame Abundance Biorass (qa}
Neritina reclivata ' 179915 - 5073
Odostonia sp. 55484 5.95
Gammurus racramucronatus 36316 2.81
Yaphromysis bowrmani _ 33059 12,56
Mvsidopsis bahia . 5036 1.37
Zygoptera spp. - 5107 21,96
érandldiﬂrefla bonnicroides . 4910 .540
Palacronetos Eunio 387 38,73
. Dicrontendipes sp. 1 2686 .215
Cailitaestis sp. _ _ 2116 .E35
Callincctes sapidus 1493 | 41,77
liysidopsis almvra - 1423 626
Mysidopsis biaelowi 986 .197
Germurus mucrenatus 566 .062
Corixidae spp. ' 559 274
Littoridina sphinctastainn 520 147
Melita intermedia 474 . 128
Chironoridoe sp. 2 4G4 «260
Hycdracarina sp, ! ’ 422 -.089

Mactra fraoclis ' 83 375
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'Species Hame Atundance Biorass (q)
Gastropod sp. 7 348 2.78
Caenis sp. 242 .024
Hyrohula Sp. 236 .097
Amphictes aunneri floridus 198 .028
Penacus sp. 175 2.31
Palaermcnetes intermedia 17 .BEB

" Penaaus duorarun 77 1.88
Shrimp sp. 6 75 023
Insect larvae sp. 31 72 .021
Insect larvae sp. 26 60 007
Rhithropznopaus harrisi 52 1.26
Palaeronctes vuloaris 50 .E68
Insect larvae sp. 24 49 012
Cassidinidea cvallis 45 024
Penaeus scatiferus . 42 .325
Corophiuﬁ touisianum 35 052
Oligochacte sp. 4 24 .001
Hydracarina sp. 2 24 .005
Polvdora tiani 22 . 001
Leech sp. 1 21 037
Ceratopoconidae spn. 19 L003
Hipnolvte zostericaola 17 037
Garaurus Jloew sp, 17
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-'y."i-'lnnf'.ir: ap, 2 :

Species Name Atundance Biorass (g)
Lasoncreis culverd 17 A7
Ceracus Sp. 17 LON
Arau!us‘sp. 13 d
Edotea montosa . 13 001
Anisoptera sp. | ‘13 029
Bittium varium 12 .002
lacoma mitchelli 12 . 120
Insect larvaea sp. 23 10 008
Barnacle sp. | 28. 002
Chironomidae sp. 3 8 LM
Cenacria leucorhzeta 6 LR
Anisoptera sp. 2 5 L04
insect larvae sp. 25 3 001
Yurbel larian sp. 5. *
Hermatode SP. 4 *
Hydracarina sp. 3 4 .001
Irsect larvaz sp. 34 4 N0
E;ach1d9n+es exusthis 4 025
Cvmadusa SD. 3 v
Pannia cuncata 3 2.59
Tanhremvsis lousinnan 3 L1
onertean sp. 3 *
1 3 001
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TARLE 1 =-- continued

Specics Mare Abundance Biomass {g)
inscet larvae sp. 29 3 003
Insect larvae sp. 30 3 LN
Mitrella lupata 2 A
Noonanone jexana 2 Ropl
-Ollgochaéfc S0, 2 2 *
Creridula sp. 2 *
Leptochelia rarax 2 *
Cyathura potite 2 L02
Uca ninax 2 A
tnsect larvae sp. 32 2 nnz
insect larvaec sp. 35 2 :Cﬁl
Gitanopsis sp. 2 ¥
“Insect larvae sp. 27 2 pie}
Heonanope Spe 1 002
Periclinanes loncicaudaus 1] 04
Mysldopsis sp. 1 1 *
tnsect larvae sp, 19 1 AN13
insccf larvae sp. 35 i ¥
Insnct larvae sp. 36 1 L0
STrehIcspin.henndicfi 1 ¥
Muaidopsis ope 3 1 x
Ol incchacte sr. 3 1 b
Qrchestin uhleri 1 *
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Specles Hame Abundance Bicmass (¢}
Hermit crab 1 *
Pleustidae snp. i *
FISHES

Lucania parva 945 13,81
Syncnathus scovellld 526 22.56 )
Menidia beryllina 146 23.04
Micronobius oculosus 109 .85
Brevoortia patronus lOﬁ 1.84
Centrachid spp. o4 .
Lacodon rhcrtioides 93 3.53
Leicsfcmué santhurus 86 3,92
Gobionellus boteasoma 70 .63
Gobiosora bosci 59 2.00
Anchoz mitchelli 43 A7
Microporon undulatus 42 37
Leponis sp. 20 36
hefdrandria forrost 30 .82
Bairdiella chryvsura 22 0
Enneacanthius aloriosus 21 1,46
Fucinostorus sp. 16 N7
tepomis microlophus 9 1,00
Fish sp. 8

0Uh
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TABLEI -= continued

Species llame

Abundance Biomass (o)
Strongylura marina 6 .17
Micronterus salroides 6 .85
Huall cep hatus 4 .28
Hyrophis punctatus 4 5.47
Trinectes maculatus 3 .35
Lepomis punctatus 2 2.20
Gobicsona rovustum  2 .05

" Mierosobius thalzssinus 1 001
Gobiesox struwasus 1 02
Paralichthys lethostisma 1 02
Anquilla rostrate 1 .05
Elops Saurus 1 09
Notemigonus crysaleucas 1 | 04
Archosarus probatccophalus | .04
Poecilia tatipinna 1 .21
Fundulus chrysotus 1 « 30
Synanathus lewinianze 1 .43
Syﬁ;huru% nlacuisa 1 .08
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TABLE 2: Complete 1ist of species collected by seining +hrounhout

the year at Round Bay and Wes?t Bayou.

Species Hume Round Cay West Cayou
Anchon mitchelll X X
Ba!rdi.ella chrysura X p 3
Brevoortia patronus X : X
Callinectes sepidus X X
Cyncscion netulosus - X
Enncacanthus alorincus X X
Goblosora bosct X
Lasodon rhomboides ‘ X X
Lefostomus xenthurus X - ) hd
Lepomis migrolephus X Y.
tep!sosteus ©ssS2us X

Lucania parva X X
kutjenus ariseus . X
Menldia beryllina X X
_lii_cr'occbius qulosus X X
7l~1lcrop+erus salmoides X X
Myrephls punctatus | X

tatericonus crysoloucas X

Palasronctes ruaio X X
Paralichthys lothostiama X X
Fenarus sotiforus . ' X-

Penarus dugrarun _ X
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TARLE 2 -- continued

Species Nare Round Eay vtest Bayecu
Peracus Sp. A
fancia cunaata X X
Rhithropanopnus bhareisil X X
Synanathus scovelii X X
Trincctes naculatus X
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Table3; Biomass (g/mz) of macrophytes taken in East Bay. Valtues include
Yoot stocks and uncalcified epiphytes.

DATE 48 1
11/02/75 455.7 334.4
12/14/75 200.6 213.0

117/76 287.2 167.8

2/18/76 206.8 263.2

3/20/76 - 269.2 196.6

4/20/76 " 220.8 138.6

5/20/76 - 316.9 . 268.

6/18/76 563.0 . 354.9

7/17/76 358.4 \ 568. 4

8/14/76 538.8 . 365.6

9/11/76 - 585.1  489.8
10/10/76 - _486.9 438.7
Total , 4,489.4 3,799.1

Mean/month 374.1 316.6



Table 4:* Estimated productivity of Valli
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sneria beds in East Bay.

Data were taken from November, 1975 through October, 1976.

Max. summer biomass:

Mean winter biomass:

Change in_biomass
or
Max. cumulative net

Eroduction:

Productivity:

Round Bay (4a)

563 g/me (June)
95% Confidence interval: % 122

241 g/m2 (Dec. - Mar.)
g5% Confidence interval: * 122

322 g/m?

322 g[malyr.

West Bayou {4b)

568 g/m2 (July)
+ 121

215 g/m? (Dec. - Feb.)
+ 54

new growth occurred in
Mar @ 48 -

353 g/m?

353 g/mé/yr.
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Table 5: Top dominants (fishes and invertebrates) at Stations 4a and
4b (tast Bay) in terms of biomass (dry weight) taken over
the 12 month sampling period {November, 1975 - October, 1976)

Species . Percentage of total
Neritina reclivata 95.67
Callinectes sapidus 0.79
Palaemonetes pugio - 0.73
Menidia beryllina ' 0.43
Synagnathus scovelli ' 0.43
iygoptera sp. ' 0.41

ucania parva : 0.26
Taphromysis bovmanni : 0.24
Gammd rus macromucronatus - 0.8

Odostromia sp. .0
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Fig..1: Monthly (1975-1976) biomass/mé of Vallisneria americana

at Round Bay and West Bayou taken from the mean of eight random

1/16 me quadrats.
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Fig. 2: Comparison between the monthly (1975-1976) dissolved

oxygen in the vallisneria bed and in the nearby mud flat

in Round Bay.
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Fig. 3: Comparison between the monthly (1975-1976) dissolved oxygen
in the Vallisneria bed and in the nearby mud flat of West

Bayou.



pm

Dissolved Oxygen-p

12 §

<

o

vy

o}

283

wee Vallisneria bed

s Mud flat

[ st

D] F
Time (months)

A M A -J'__‘-:..-‘-.-




284

Fig. 4: Comparison between the monthly (1975-1976) pH in the
vallisneria bed and the nearby mud flat of Round Bay.
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4

Fig. 5: Comparison between the monthly (1975-1976) pH in the

vallisneria bed and the nearby mud flat of West Bayou,.
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VIII. Immediate (Short-term) Impact of Upland Runoff on Assemblages

of Epibenthic Fishes and Invertebrates

Introduction

An intensive sampling effort was ﬁaintained during the summer and fall
of 1976 and 1977 to determine the nature of short-term fluctuations of
organisms in East Bay. Such changes were then compared to metearological
and water quality functions associated with forestry activity. During
the first seven months of this program (1976), sampling was carried out
and data anaiyzed by James L. Duncan, and parts of the introduction of
;his chapter and associated data analysis come from Mr. Duncan's M.S,
thesis (Duncan, 1977}.

- The effects of salinity and temperature fluctuation on estuaries
hayg been extensive1y studied (Gunter and Hildebrand, 1954; Gunter, 1961;
Cope]and énd Bechtel, 1974; Cherry et al., 1975; Livingston, 1926). However,
because of the- low natural variab%1ity of pH in unpolluted areas
(approximately 6.7 - 8.6; E111s, 1937), there is a paucity of field
research concerning the effects of sﬁort-term puises of acidic runoff
upon esiuanﬁne communities.

Various laboratory studies have shown responses of aquatic
organisms to water characterized by low pH. Mount (1973) reported stress
(surface swimming and Hyperactivity) in fathead minnows (Pimephales
promelas) after reduction of pH to 4.2, Adult and juvenile blue crabs

288
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(Callinectes sapidus) were found to a#oid to a significant degree acidic

runoff from clearcut areas in a laboratory environment {Livingston et al.,
1976a; Laughlin et al., 1977; also, see other sections of this report),
This avoidance appeared to be caused primarily by the reduced pH rather
than by the increased color, However, when studied in a fieid situation,
adults appeared to follow this pattern of avoidance while juveniles did
not, reflecting the difficulty of extrapolating laboratory results to the
field. Natural seasonal migrations of juveniles into these areas during
the collection period may be responsible for this observation. Lethal

pH values have been reported for many species. A lethal value of 5.8-6.2
was found for young atlantic salmon (Saimo salar) and for sea trout and

brown trout (Salmo trutta) in two-day tests (Bishai, 1960). Dahl (1927)

reported 80% mortality of yolk-sac trout in 20 days at pH values
4,7-5.4 and 10% mortality in the range 5.1-5,7 using water acidified with
peat, Yolk-sac salmon were found to have a median lethal pH value of
4.5 at 12 days in similar water.

Juveni]e populations within an estuary are sensitive to pulses of
lTow quality water. Kwain (1975) and Lloyd and Jordan (1964) showed a
positive correlation between size and resistance to acid water in rainbow

trout {Salmo gairdneri). However, recognition and avoidance ability have

been shown to vary with size classes of alevins {(Bishai, 1962). Newly-
hatched to #-week-o1d alevins developed respiratory stress in acidic water
(pH < 6.0) but were unable to avoid it effectively. Older stages (5-25
weeks) showed immediate recognition and avoidance of pH 6.5 before respira-
tory distress occurred, Active migratory fish have also been shown to be

highly sensitive to pH variations {Bishai, 1960)
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Although fish' have been found at pH values between 4.0 and 10,0
in field situations, the safe range has been reported to be 5.0 to 9.0
and for maximum-productivity the pH value should lie between 6.5 and
8.5 {ORSANCO, 1955). The European Inland Fisheries Advisory Commission
(1969) reported that, below a pH of 5.0, the productivity of an
aquatic ecosystem may be considerably reduced. Conditioned response
experiments have shown that marine teleosts can discriminate between
0.04 and 0.06 unit reductions in pH (Bull, 1940).

In a physically dynamic estuarine system such as the Apalachicola
estuary, many parameters may be shifted because of large episodic
inputs of storm water runoff from channelized areas of ciearcutting.
Dissolved oxygen may be reduced because of acidic release of 602 into
the water column, which jncreases biotic respiration, reduction of the
euphotic zone by high color (Hassler et al., 1951), and the direct
addition of the runoff water which is itself low in dissolved oxygen.
Salinity decreases may also occur because of the large fresh-water
input. Reduced pH has been shown to act synergistically with other
water parameters such as free carbon dioxide concentration (L1loyd and
Jordan, 1964; E.I.F.A.C,, 1969) and temperature (Kwa{n, 1975), acting
to increase water toxicity. _

Biological community indices have previously been used to reflect
the effects of impaired water quality conditions on estuarine and coastal
assemblages (Copeland and Bechtel, 1971; Boesch, 1972§ Holland et atl.,
1973; McErlean et al., 1973; Livingston, 1975) and have been seriously
..criticised (Hurlbert, 1971; Livingston, 1975). No single index appears

to be sufficient to assess water quality impact upon estuarine communities
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because of the complex interaction of many parameters, such as faunal density,
dominance, species richness, affinity characteristics, and changes in
spacial and temporal population dynamics (Livingston, 1975).
This section of the report will involve potential short-term effects
of episodic influxes of highly colored and acidic runoff from clearcut
areas of Tate's Hell Swamp. Epibenthic community strﬁcture changes were
examined in the East Bay portion of Apalachicoia Bay. Particular
emphasis was placed on a comparative'ana]ysis before, during, and after
heavy local rainfall. In addition to the regular day-night otter
trawling, a comparison of the trammel net data (Round Bay vs. West

Bayou) was made,

Methods and Materials

‘ In addition to the routine monthly sampling effort, 2 seven-month
sampling periods (May-November) were chosen to coincide with maximum
local rainfall and periods of peak productivity in the upper East Bay
s&stem. Three representative sampling stations were chosen in the
East Bay portion of the Apalachicola system because of their proximity
to clearcutting activities. Two experimental stations (East and West
Bayous, stattons 5C and 5B, respectively) receive direct drainage from
upland clearcut regions., Both stations are relatively shallow inlets
(~ 1.2 m) bordered by small fringing beds of the benthic macrophyte

Vallisnerta americana, Unspoiled marsh and timberland surround these

areas with no known anthropogenic impact except upland forestry activities.
The sediments at the two stations are similar, with a mean grain size of

4.22 ¢ units and a mean annual organic content of 11.23% at station 5B.
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The control area (station 4A, Rdund Bay) is located approximately 4
kilometers to the west of the experimental stations. The mean depth is
'slightly greater (~ 1.5 m) and the mud-sflt substrate is of a larger
average grain size (3.98 ¢ units). A1l sampling was done over the mud-

si1t substrate which runs through the center of the inlet surrounded by

" ghallower Vallisneria americana grass beds. Mean annual organic content
of the sediment is reported to be 8.60%. Prior to 1976, this area was
in a relatively natural state with no major drainage from any clearcut
regions.

Sampling procedures

Day and night collections were taken following périods of intensive
rainfall using a 5-meter (16 foot) otter trawl (1.91 cm wing mesh with a
0.64 cm mesh liner) at speeds of 2-3 knots. Day collections were taken -
at approximately 1400, 1530, and 1700 hours at stations 5C, 5B, and 44,
respectively. After sunset, sampling was performed in the same sequence
of stations at approximately 1930, 2100, and 2230 hours. During dry
periods, collections were made at least once every two weeks.

Seven repetitive Z2-minute traw]-tows were taken at each station.
This trawling technique has been proven adequate for representative
sampling (Livingston, 1976). Fishes and invertebrates were preserved
in IOZ formaiin solution for later identification and measurement. Fish
specimens~were measured for standard length, penaeid shrimp for total
length (tip of the rostrum to the end of the telson), and crabs for
carapace width. Other shrimp, snails and bivalves were counted.

In addition, night trammel net collections were made at stations 4A

and 5B. This was done at monthiy jntervals from March, 1975 to the pFesent.



293

Pearson product-moment correlations were calculated to measure the
strength of reiationship between pairs of physical and bioclogical variables.
This strength of relationship reveals both the goodness of fit of a linear
. regression Tine to the data and the proportion of variance in one variable
explained by another. Statistical use of this correlation coefficient
is described by Nie et al, (1970}). Significance levels were reported for
each correlation coefficient and were derived by the use of the student's
t-test with N-2 degrees of freedom for the computed quantity: r = %{J 17z

Physico-chemical data

Trends in rainfall over the three-year study period are shown in
Fig. 1. Rainfall, together with monthly mean river flow,
is shown in Fig. 2, Temperature and salinity trends at the 3 stations in
question are shown in Figs. 3-5; pH changes are given in Figs. 6-8. Since
these data have already been analyzed elsewhere in this report, no
exhaustive review will be made here. However, certain points deserve
attention. Despite Tow (and declining) rainfall during 1976-77, pH
tended to drop during this period at station 4A, whereas the opposite was
true at stations 5B and SC. In East and West Bayou, the association of Tow
pH with increased Tocal rainfall tended to weaken with time. In these
areas, major pH decreases occurred in late July and August of 1975 with
lesser decreases during the preceding spring (March-April) and the months
of January; July, and September-October of 1976. A single pH decrease
{to 5.5) occurred on September.7, 1976, at control station 4A; however,
the pH generally rémained well above 7.0. The reason for runoff conditions
at the control station was believed to be prior heavy rainfall causing

an overflow of a nearby water retention pond. Major input of storm water
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runoff was not observed at station 4A at amy other time. Photographs
jndicate that recent clearcutting and ditching in the Round Bay drainage
area seriously dua]ifies the use of this station as a control.

During the 1976 sampling period, color and dissolved oxygen were
significantly correlated with pH while poor correlations were found
between pH and other physical variables (Table 1). Baseline color ranged
from 10 to 100 Pt-Co units. This increased to levels above 300 during
periods of runoff at statiqns 58 and 5C. At station 4A the color never
exceeded 80 Pt-Co units. For stations 5C, 58 and 4A, the mean diurnal
color levels were 120, 94, and 38 respectively. Dissolved oxygen was
highest at station 4A (X = 9.6 ppm) ranging from 7 to over 13 ppm. Lower
dissolved concentrations were found at stations 58 and 5 (X=7.9, 7.8
ppm, respectively), and decreaéés were observed at‘these stations during
periods of increased storm water runoff when dissolved oxygen was as low
as 4.1 ppm. Higher dissolved oxygen levels (maximum 12.3 ppm) at the
end of the study were ascribed to seasonal water temperature decreases.
Dissolved oxygen and temperature were inversely correlated at all
stations (Table 1).

River flow dominated general salinity levels in the East Bay system.
salinity and river flow were significantly correlated at all stations
(Table 1). The influence of river flow on various other water parameters
in this aEEa has been described (Livingston et al., 19772). Salinity ranged
from near zero during spring months to over 20 °/oo dufing peak productivity
months later in the summer and fall, It should also be noted that during
periods of higher salinity, heavy local rainfall and associated stom

water runoff significantly reduced this water parameter. It is interesting
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that, despite the fact that salinity increased in various other areas of
the Apalachicola Bay system during the past 3 years, the salinity at
stations 5B and 5C tended to decrease over this period of time, This could
have been due to increased river flow in 1977, but this deserves more
study.

Turbidity and Secchi measurements were found to be highly variable
and relatively similar between stations in upper East Bay. These parameters
are contralled by both river and local rainfall {Livingston et al., 1977a},
although no distinctive correlations were found (Table 1).

Biological trends (1976)

Dominant fishes:

Four species {Anchoa mitchilli, Cynbscion arenarius, Leiostomus

" xanthurus, and Micropogon undulatus) dominated the collections during the

intensive survey of 1976, These species comprised 89.7% of the total

biomass. The bay anchovy {Anchoa mitchilli) was the most abundant species

'throughout the study period (49.2% of total) and was associated primarily
with higher salinity during thé fall. The sand sea trout (Cynoscion
arenarjus) was second in abundance {17.0%) with a similar spatial and
temporal (late Summer-ear]y fall) distribution. The spot (Leiostomus

xanthurus) and Atlantic croaker (Micropogon undulatus) were third (12.3%)

and fourth (11.2%), respectively, in dominance occurring early in the study
peribd (spring) during periods of low salinity.

Peak diurnal abundance of Anchoa mitchilli occurred from early

September through November, Decreases in total abundance simultaneously
occurred during an épisodic water quality decline at stations 58 and 5C

(October 8). However, a decrease was also found at control station 4A
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“while the pH was still relatively hign (~7.3). At this time, a significant
decrease in salinity occurred at ail three stations. Mean river flow (2
weeks prior to éampling date) was still relativey low and, therefore,
salinity decrease appeared to be associated with heavy local rainfall
patterns. This would explain the acidic conditions at_stations 5B and

5C, although, because of the decrease in numbers at station 4A, salinity
alteration appears to be the primary physical forcing function

with possible contributions from a temperature decline.

Seasonal appearance of Anchoa mitchilli occurred earlier {August)

in night collections. Decreases in abundance were observed in early
October as with the daytime collections under similar water quality
conditions. However, because of the earlier appearance, the
September 7 input of storm water runoff elicited a response.
Significant decreases in abundance occurred at stations 5B and 5C
following water quality deterioration (decreased pH, increased color).
Reduction was also seen at station 4A with an {mmediate, rapid recovery
when water quality parameters improved. Salinity decrease (believed
due to local rainfall) occurred at this time as well as a slight
temperature reduction. Biomass values revealed the same patterns dis-
cussed above.

Decreases in Cynoscion arenarius {biomass and abundance) were found to

occur on July 16, September 7, and October 8 at both experimental stations
(58 and 5C). A1l cases correlated with the input of acidic runoff into the
area. Decline was also observed at control station 4A on September
7 when a pH and salinity decrease occurred. However, no decrease in

abundance of this species was observed at station 4A on July-16, when
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no decrease in water quality occurréd. Because of the absence of salinity
fluctuations at this time, the decrease in numbers and biomass at stations
" 5B and 5C appeérs to be associated primarily with the runoff conditions
and a possible high temperature limitation factor. A decrease in
abundance was found at all 3 stationﬁ in early August with no'apparent
correlation with physical forcing functions. A slignht temperature drop
was noted; however, this might have been a natural population f1uctuation
during transient periods of salinity increase.

Large numbers of Leiostomus xanthurus were found primarily during

the early portion of the study (May). Numbers and biomass were

reduced during the summer months at all 3 stations, éxcept for an

increase at station 5C in late August. An increase.of individuals and bio-
mass occurred at station 4A in mid-July while water and quality numbers
were low at 58 and 5C. From August throughout the remainder of the

study period, considerable variabi]fty occurred within this population.
Biomass increased in the later portion of the study period while numbers
remained relatively low, reflecting the maturing of juveniles which were
present in May. In September and October, when water quality decreased,
numbers and biomass of this species declined concurrently. The temporal

distribution of Micropogon undulatus was similar to that of Leiostomus.

After a decrease in abundance in June, no recovery was noted until the
recuitment of juveniles in November.

A total of 53 species of fishes were collected during the summer and
fall of 1976, with no significant differences in the overall total number
of species among the 3 study sites. Transient decreases in numbers of

species paralleled water quality reductions in July, September and October
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at the experimental stations. A decrease occurred at station 4A in early
September, although the number of species remained relatively high during
July and Qctober. The September decrease coincided with the appearance
of dark water at station 4A as previously discussed. Fewer species
were observed at all 3 stations in early August. High variability was
noted over the entire study period with greater numbers of species
generally found at night., Numbers of species decreased at the end of
the study period, possibly associated with reduced water temperature,
Total numbers and biomass of fishes declined following peak runoff
conditions. The general trend was high numbers and biomass at the
beginning of the study (primarily due to the presence of adult Leiostomus

xanthurus and Micropogon undulatus) followed by a decrease Tasting until

‘the proliferation of Cynoscion arenarius and Anchoa mitchilli beginning

in August. The sizeable increase in numbers at stations 4A and 5B in
September and October, respectively, was caused by the presence of large
sEhooIs of anchovies. Numbers and biomass depletion at the end of the
study were believed to be associated with declining water temperature.
Abundance and biomass at station 58 reflected water quality variations

in the form of episodic changes in July, September and October, Immediate
biological recovery was noted after water quality improvement.

East Bay was characterized by low diversity due to the few species
which domfnate the system at a given time, All diversity indices were
#lghly correlated. Differences were noted between day and night as the
community structure changed. Dispite high variabi]ity.due to temporal
fluctuations of numbefs and species, diversity appeared to change con-

currently with water quality shifts. Decline in diversity in July was due
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to the establishment of a less even distribution of populations within the
community. This occurred because the total number of individuals decreased

fn this period of Jow water quality, while Anchoa mitchilli increased as a resul

of seasonal recruitment. Previous data {Livingston, 1977) indicate that the
number of species is Tow during this period of reduced saTinify. This
corroborates the observed relationships of dominance and diversity.

Reduced diversity was observed in September at all stations. The opposite
was noted during periods of increased salinity when A. mitchilli totally
dominated the system, Diversity therefore increased following any

decrease in A. mitchilli because of the greater number of species and
reduced dominance. Margalef's species richness did not follow the same
pattern as the diversity indices, increésing significantly during the
period of higher salinity. Significant decreases were noted in July during
periods of low water quality at station 58. Although the total number

of species decreased, increased species richness occurred during water
dégradation in September and October because of the large decrease in the
total number of individuals., Generally, the high variability of these
community indices, due to the rapidly changing system, both physical

and short-term biological, reduced their value as indicators of water
quality..

Dominant invertebrates:

The Aominant invertebrate species during the 1976 intensive study

period was the white shrimp, Penaeus setiferus, comprising 76% of the total

number of invertebrates collected and 52.8% of the total biomass, During
the peak abundance of this species {August-October), water quality

degradation at all three stations in eariy September signifiqantly reduced
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numbers of individuals and biomasﬁ. Significant decreases in pH, salinity,
. and dissolved oxygen as well as a minor drop in temperature occurred at this
time. Decreases in numbers and biomass cbserved in early October reflect
these same changes in the system. Low biomass (relative to number of
fndividuals) reveals the recruitment of juveniles into the area in late
July and_August. Relative biomass rapidly increased until late October.
The mean individual size in August was 43 mm, but increasgd to 100 mn by
October. Decreases in abundance in November were attributed to Tow
temperature, which acts as a stimulus for the mature penaeid shrimp

to move out of the estuarine areas (Barrett and Gillespie, 1973; Trent

et al., 1976). The white shrimp revealed a primariiy nocturnal distri-
bution and was most prevalent at the control station (4A).

The blue crab, Callinectes sapidus, was second in invertebrate

dominance {17% of total collection; 41.5% of total biomass) with greatest
abundance at experimental stations 58 and 5C. Larger individuals were
found at station 4A throughout the study period (mean carapace width =
58.4 mm), with the highest number of indiQiduals during the first two
months. A similar diurnal distribution was observed at stations 5B and
5C; however, large nocturnal recruitment of juveniles occurred at these
stations beginning in August. In May and June the mean carapace width in
the experimental areas was 42.2 mm while it decreased to 17.0 mm in August.
The spatial preference of juveniles for the East and West Bayous was shown
by the reduced average individual size in these areas. Over the entire
study period, the mean carapace widths at stations 5B and 5C were 31.1

and 32.6 mm respectively. At both experimental stations, reductions in

numbers were observed in September and October. This occurred at station
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4A in September. Such changes foI1erd the appearance of storm water
runoff,

All 16 Spécies of invertebrates were collected at station 58, and 5 of
the rare species were found only at this location. Mid-range and rare

mollusks (Rangia cuneata and Mactra fragilis) were also associated with

East and West Bayous. Species generally associated with grass beds

(Palaemonetes spp. and Neritina reclivata) were found primarily at

station 4A. The pink shrimp, Penaeus duorarum, also was more abundant

at this location. Greatest numbers of individuals were found at station

4A because of the domination of Penaeus setiferus.

Both numbers of individuals and total biomass deﬁ]ined during
periods of low water quality. Total numbers of species were relatively
Jow and a high degree of variability occurred because of the appearance
of rare species. Numbers of individuals were also generally low except

in August and early September during juvenile Penaeus setiferus and

Callinectes sapidus immigration. Numbers qf individuals and of species
increased during months of peak productivity (August-October) while
salinity was high. The numbers of species were generally higher at
night while 1ittle diurnal difference was noted in total abundance
(except during August and September). Large variations between day

and night diversity indices resuited from this situation. Because P.
setiferus and C. sapidus contributed 93% of the total invertebrate
collection, diversity indices were primarily a reflection of changes in

these two species in view of changes in total number of species.
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Three-year trends

Fishes

Fish data. for the combined (day-night).trawling efforts (14 2-minute
trawl tows} are shown in Figs. 9-20. In terms of total numbers of fishes,
there were major increases during winter periods at all 3 stations; there was
also an increase in numbers during the winter months over the entire 3-year
period of study. This was due largely to increasing numbers of Leiostomus
xanthurus, which was dominant during the last 2 years of sampling. The
genéra] patterns of abundance were similar in all 3 areas with secondary
increases usually occurring during late summer-fall periods. There was
2lso a general tendancy for successive increases in numbers of fishes
caught during summer-fall periods over the 3 years of study at stations
58 and SC; such increases were not as apparent in Round Bay.

At station 4A, the number of fish species and Margalef richness
tended to follow similar patterns in time; the Shannon diversity, with
certain exceptions, tended to follow these trends. A1l three indices
usuaf]y increased during summer-fall periods; this seemed to follow
general increases in salinity at these times. Species numbers and
Margalef richness in Round Bay tended to go down with the onset of the
summer rains but the extremely high rains in late summer of 1975 did not
affect these indices to any degree in Round Bay (both indices were
increasing_as rainfall increased and the pH fell). The general level remained
low, however; this could be ascribed to low salinity conditions. The
following year (1976), however, the reduced pH (co-occurring with the
September rainfall) was associated with precipitous declines in both

indices with no such decreases apparent during the succeeding year {1977).
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This pattern is even more accentuated when Shannon diversity fis considered,
The lowest levels of this index occur during the moderate rainfall of
September, 1976.

Overall, the seasonal trends in the community structure of fish
assemblages in Round Bay can be explained in terms of seasonal éyc]es
of temperature, river flow (salinity), rainfall and associated water
quality parameters, and the recent clearing and draining of the upland
system by forestry interests. When anaiyzed from the perspective of the
long-term changes in the system, the destabilization of the physico-
chemfcal and biological systems during peak periods of production tends
to be short-term, with recovery occurring in terms of weeks or months .,
However, this form of impact does occur at é particularly sensitive
pér1od with regard to the bay cycles of fish productivity.

In addition to Tong-term increases in numbers of fishes at station
SB,_there was a general increase in the species richness and Margalef
richness over the 3-year period of study. Shannon diversity appeared
to be temporally unstable, and, along with the other indices, reflected
the cold winter of 1976-77 to a considerable degree, During the heavy
rainfall in the summer of 1975, no fish were taken in daylight hours
at station 5B in August; this is a most unusual situation and has never
been experienced at any other time or station in the entire bay system.
Nhile the general seasonal patterns (increased species richness and
diversity during years of higher summer salinity; declines in these
indices during winter periods, etc.) are similar, the differences in the
summer-fall patterns of fish distribution between stations 4A and 5B

are worthy of mention. Richness at 4A was actually increasing. during
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the heavy rains of the summer of 1975 while such numbers were higher at

West Bayou than in Round Bay during the summer and fall of 1976. At

this time, upland partions of the Round Bay area were being cleared. |

With the exception of the summer of 1975 at SB, the species diversity

also showed this pattern of differences (1ittle impact during the September,
1976 rainfall at 58; maximal decline at 4A). By 1977, with the exception
of a decrease in Shannon diversity at 5B in late summer, there was Tittle
difference between the 2 areas in terms of the major indicators of

fish distribution.

In addition to the long-term trends of recovery in numbers, the
East Bayou fish data reflected the various seasona1.trends (salinity,
temperature) discussed above. In terms of numbers of species, Margalef
richness, and Shannon diversity, the patterns at station 5C resambled. -
those at 5B; likewise, these data did reflect major differences with
biotic trends in the Round Bay Qrea in 1975,

In all, the fish assemblages in upper portions of East Bay reacted
to various physico-chemical forcing functions and changes fn produce
tivity and were directly related to seasonal variations of temperature
{with the cold winter of 1976-77 having a pronounced effect),
sa]fnity {summer-fall increases in 1976-77), local rainfall patterns
(heavy summer rainfail during 1975, moderate summer-fall rainfall during
1976,- 1ight rainfall during 1977), and the spatial distribution and
timing o;-forestry activities in the different drainage basins of the

Tate's Hell Swamp-East Bay system.
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Invertebrates

Invertebrate data for combined (day-night) trawling efforts (14

© 2-minute traw! tows) are shown in Figs., 21-32. Ouring the summer-fall
periods, the upper East Bay system is a major nursery area for blue
¢rabs and penaeid shrimp, as shown fn the distribution of numbers

of individuals in system-wide sampling efforts. In August, 1975,

blue crabs predominated, especially in East Bayou. After the heavy
rainfall, only 8 invertebrates were taken at station 5B during the day.
This indicated particular stress due, in large part, to low salinity
and pH. The major September peaks at all 3 stations were composed

primarily of white shrimp (Penaeus setiferus) and pink shrimp (P.

duorarum). The differences in numbers tended to reflect the water
quality features of the 3 respective study areas during the summer-

fall of 1975. Numbers of individuals were generally low at all 3
stations the following summer (1976), with penaeid shrimp predominating
at this time. The sharp decline in numbers of invertebrates at station
4A in September was closely associated with the pattern of rainfall

and water quality at the time. The following year (1977), there was

a general recovery of penaeid shrimp in Round Bay during July and
August; however, after the September rains and local decreases in water
quality, the numbers of invertebrates dropped precipifous]y in this
area. Subsequent recovery occurred only in East and West Bayous during
late fall periods. The low numbers of invertebrates in these areas during
1976 remains unexplained. With this exception, the invertebrate numbers
appear to follow patterns that follow the seasonal cycles of water
quality as a response to the lotal rainfall and runoff described

"elsewhere in this report.
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The‘species richness and Margalef richness indices reflect increased
‘sensitivity to runoff in Round Bay with time over the 3-year period even
though rainfa11 tended to decrease substantially dUrinq this time.

In the summer of 1975, there were actually richness peaks in Round Bay
during periods of high rainfall whereas July rainfall in 1976 and
August-September rainfall in 1977 were associated with sharp declines

in invertebrate species richness functions. Decreases in .invertebrate
diversity indices followed closely the local rainfall patterns with
particularly extended decreases (and high variabilityj during the summer
of 1976. The overall temporal patterns of the invertebrate biota tended
to follow the physical functions (temperature, salinity, water quality)
described elsewhere in this report.

In East Bayou and, especially, West Bayou, the invertebrate richness
and diversity indices tended to reflect the heavy rainfall (and associated
water quality changes) of the summer of 1975. 1n these areas, there
was recovery during the drought of 1976.. It is possible that the
general declines in these indices during 1977 refiected the effects of
the particularly cold winter of 1976-77.

In general, when compéred to the fish data, the invertebrate
assemblages in upper East Bay areas appeared to respond in a similar
{though not identical) fashfon to short-term and seasonal changes in
the phyzkco-chemical environment. There is evidence that the nursery
areas of East Bay are vulnerable to short-term water gquality changes
associated with forestry activities in the respective drainage_basins

of the Tate's Hell Swamp-East Bay system.
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Trammel net data

The results of the trammel net effort in Round Bay and West
Bayou are given in Table 2 and Figs. 33-34. During the first year
_of sampling, the heavy local rainfall was associated with relatively
low numbers of organisms in West Bayou relative to Round Bay. in 1976,
increased late summer rainfall was associated with declines in numbers
in both areas, with partial recovery apparent in West Bayou and full
recovery in Round Bay during the following fall. ODuring the summer-
fall period of 1977, there was a pronounced recovery of the numbers of
organisms in both areas, with the modest fall rainfall associated with
decreased numbers of individuals in Round Bay and increased numbers
in West Bayou. These changes tended to follow general trends in salinity.
and specific changes in water quality parameters such as pH., With minor
variation, the Tong-term changes in numbers of species showed similar
relationships to the rainfall and water quality data. Since the
trammgl net data are largely made up of various fish species, it is
not surprising that the cold wintef of 1976-77 did not appear to have
a2 long-term impact on these biotic indices. Thu;, the trammel data
indicate recovery of numbers of individuals and Specie§ in Round Bay and
West Bayou during 1977 with station-specific trends of Tocal rainfall,
forestry operations, and water quality indicators that parallel those shown
for the.ottEr traw]l data over the 3-year period of study.
Discussion '

Various independent environmental factors tend to interact to
determine temporal and spatial distribution within an estuarine system.

These factors include biological functions (predator-prey relationships,
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trophic competition, migratorj patterns, reproductive cycies), geagraphical

functions (depth,.substrate), and water qualfty parameters.
Seasona]loccurrence of dominant East Bay fishes agrees, in general,

with previous reports from.other Gulf and south Atlantic estuaries

(Welsh and Breder, ]923# Hildebrand and Schroeder, 1928; Gunter, 1938, 1945,

1950; Roelofs, 1951; Townsend; 1956; Reid, 1957; Dawson, 1958; Roithmayr,

1965; Parker, 1971; Perret, 1971; Perret and Caillouet, 1974;

Subrahmanyam and Drake, 1975, Livingston et al., 1977b). The primary

dominant, Anchoa mitchilli, was most abundant in the fall while

Cynoscion arenarius was prevalent in late summer-early fall. Reported

spawning periods of May-August and March-May, respectively, corroborate
this finding (Hildebrand and Cable, 1930; Reid, 1954). The spot

(Leiostomus xanthurus) and the Atlantic croaker (Micropogon undulatus) -

are predominant in late winter and spring with Tow numbers during the
study period. Spawning occurs from October to January for both
species (Hildebrand_and Schroeder, 1928; Pearson, 1929; Gunter, 1945;
Suttkus, 1954). The staggered reproductive cycles produce this
temporal partitioning of the bay, ensuring limited direct competition
(Livingston et al., 1977a). Tembofal distribution of major invertebrates
agreed with previous findings in other estuarine areas (Lindner, 1936;
Anderson et al., 1949; Daugherty, 1952; Ingle, 1957; Darnell, 1959;
Loesch, 1965; Joyce, 1965; Baxter and Renfro, 1967; Temple and Fisher,
1967). |

Trophic relationships may be of critical importance in the spatial
partitioning of e;tuarine organisms (Livingston et_al., 1976b). "The apparent

preference of juvenile biue crabs for the experimental stations may be
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caused by a trophic attraction to the increased detritus flushed from
clearcut areas. Juvenile biue crabs do consume detrital materials
while larger ihdividuals {20-100 mm) are omnivorous, feeding upon
mollusks {primarily clams and mussels), fishes, crustaceans (primarily
amphipods and other crabs) and polychaetes (van Engel, 1958; Tagatz,
1969; Odum and Heald, 1972). Also, intraspecific (cannibalistic)
feeding patterns as a determinant of relative distribution of adult and
juveni]e blue crabs cannot be ruled out as a possible determinant af
blue crab distribution. Juvenile and adult white shrimp are also
benthic omnivores, devouring plant and animal material such as algae,
small mollusks, polychaetes and small crustaceans (Williams, 1965).
Large adults may even feed upon small fishes and other shrimp (Moffett, -
.1970). Benthic infauna numbers and diversity have been reported to
be greater at station 4A, possibly because of larger substrate grain
sjze and benthic macrophyte assemblages. The total epibenthic
invertebrate population was also found to be greatest at station 4A,
Therefore, the white shrimp preference for station 4A is believed
due to a trophic phenomenon and related substrate conditions. Prior
studies have shown a definite preference in white shrimp for a muddy
substrate consisting of primarily terrigenous silt material such as
that at station 4A (Springer and Bullis, 1954; Klima, 1974).

The trophic relationships of dominant Apalachicola Bay fishes are

described by Sheridan (1977). Anchoa mitchilli is reported to be a

generalized planktivore at the predominant size class collected {(35-50
m) {Darnell, 1958; Odum and Heald, 1972; Carr and Adams, 1973). Cynoscion

arenarius (40-99 mm) is reported to consume zooplankton such as mysids,
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shrimp and larval or juvenile fishes (Darnell, 1958; Springer and

Woodburn, 1960) while Micropogon undulatus {10-50 mm) and Leiostomus

xanthurus (< 40 mm) feed on smaller zooplankton such as copepods and

amphipods (Roelofs, 1954; Fontenot and Rogillio, 1970). Larger spot

become benthic omnivores {Springer and Woodburn, 1960). Thus some of the

primarily planktivorous fishes of East Bay are less dépendent upon

substrate, benthic macrophyte assemblages, and allochthonous forms of

detritus than the infaunal and detrifus feeding fishes and invertebrates.
Habitat structure aiteration by water quality degradation may

stress the stability of this temporal and spatial succession of organisms

in East Bay. Ouring periods of storm water runoff in summer-fall

periods of episodic local rainfall, significant decreases were noted

in almost all biclogical indices in receiving areas of the bay.

Decreases in total abundance and biomass of fish at these times may

also be associated with transient seasonal turnover of dominants.

. During runoff conditions, many water quality parameters.changed,
with various interactions tending to impede biological processes.
Discharge of acidic runoff results in the formation of free carbon
dioxide, depending upon the hardness of the receiving waters (E.I.F.A.C.,
1969). Lloyd and Jordan (1964) reported that Tow levels of free carbon
dioxide can reduce fish survival times in waters with reduced pH.
Associated. increased biotic respiration will also cause depletion of
dissolved oxygen, increasing water toxicity (Jones, 1952). Hydrogen
fons have a toxic effect, causing suffocation from the precipitation of
mucus on the gill epiéhelium or by the precipitation of proteins within

the epithelial cells (ETlis, 1937; Westfall, 1945). Chronic exposure to
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low pH may cause hypersensitivity to bacteria (Neess, 1949) and the
proliferation of various fish parasites (Bauer, 1959). Increased water
color indicates high levels of constituents such as tannihs, lignins,
humic and fulvic acid complexes, etc.; all known inhibitors of varjous
biological processes. High color may also affect trophic relationships
because of visability limitations. During periods of reduced river flow,
salinity alteration by the increased flushing of large quantities of fresh
water into the system may also cause local water to’ be unsuitable for
many species (Gunter, 1950; Gunter and Hildebrand, ]954).‘ Increased
rainfall would thus have considerable potential for impgct on water
quality coﬁditions. Identification of the Tong-term changes in such
functions is also important to an evaluation of temparary (transient)
changes of such functions at the system level.

Diversity indices have previously been used as indicators of
water quality {Copeland and Bechtel, 1971). MacArthur (1955) suggested
that areas with high diversity have greater stabiiity because of their more
numerous energy pathways. Diversity criteria have been used to
differentiate polluted areas (diversity < 1) from unpolluted (diversity >
3) (Wilhm and Dorris, 1968). In a system characterized by high
dominance such as East Bay, species diversity {s naturaily low and
therefore may be misleading as an indicator of pollution; Diversity
at all statfons was quite often below one yet never found above two.
Water quality stress may disrupt the periodié use of the system by
dominants without substantially altering the species diversity (Livingston,
1975; Livingston et al., 1976b). Thus, as was found in this study, analysis

of individual dominants, relative numbers of individuals and species,
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and biomass fluctuations may be better indicators of stress in a high
dominance system.

This poftion of the study was directed at the short-term response
of the epibenthic estuarine community to episodic influxes of storm
water runoff. The recent clearing and channelization of portions of
Tate's Hell Swamp have significantly increased storm water drainage
into areas of East Bay following local rainfall. This increased runoff
reduces water quality in these regions. At such times, pH levels are
reduced below desirable Tevels for aquatic biota {ORSANCO, 1955; E.I.F.A.C.,
1969). Long-term trends of reduced numbers of larger fishes and blue
crabs were noted in the West Bayou area, particuiarly during the summer-
fall runoff periods. Changed environmenta] conditions which could
adversely affect the productivity of any estuary may significantly reduce
the local commercial fishery (Sykes and Finucane, 1966). Important
| commercial finfish and invertebrate spécies of the Apalachicola Bay area

(Penaeus spp., Cynoscion arenarius, large blue crabs, etc.) react.

to the water quality with short-term declines in numbers during
pefiods of runoff.
The data thus indicate that the various assemblages of organisms

in East Bay are dependent on seasonal and annual fluctuations of
temperature, river fiow (and associated water quality functions such as
salinif;, color, turbidity), local rainfall (and associated water quality
functions such as salinity, pH, color), and species-épecific biological

relationships. "Water quality alterations associated with forestry
| activity occur at the exact time of the year (and during the particular

years) of maximal biological productivity in the bay. This includes the
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occurrence and distribution of key assemblages of developing stages

of finfishes and invertebrates. Partly because of regrowth of vegetation
in cleared areas and long-term decreases of rainfall in the area, the
impact of forestry operations appears to be temporary, lasting anywhere
from a few weeks to 24 months. However, since the resulting habitat
destruction occurs at the time of maximal productivity of the system,
such changes, if widespread, could havelserious detrimental effects on
the Apalachicola estuary. This is especially true if the clearing
activifiés are continuous from one year to the next in (drainage) areas

contiguous to the upper East Bay nurseries.
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Pearson correlation coefficients for physico-chemical variabies
measured at control (4A) and experimenta] stations (5B and 5C) in
East_qu (Apalachicola Bay, Florida). Rc values are shown with the
significance level underneath. Significant correlations are underiined.
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IX. Long-term Changes in Epibenthic Fishes and Invertebrates

Introduction

The long-term physico-chemical trends include peak river flow and
rainfall from 1973 to 1975. From 1976 to 1978, theré werelsharp
decreases in both functions with drought conditions prevailing during the
last year of sampling (1977-78). This was viewed as part of a long-term
trend of 5-8 year cycles of river flow and local rainfall. Water quality
parameters which reflect upland rund%f (salinity, pH, color, turbidity)
would be expected to reflect such meteorolegical trends and this indeed
is the case (see Chapter III: Physico-chemical Relationships)., East
Bay showed reduced salinity from 1973 through 1976, with color peaking
in 1975, and considerable decreases in pH in the upper East Bay drainage
receiving effluents from cleared areas during the summer of 1975 {no data
‘were available from 1972 to 1974). As a result, changes in the biota in
eastern portions of East Bay shoﬁ]d be ana]yied to determine if there
was any change in the patterns (relative to other portions_of East Bay
and Apalachicola Bay) during the period from 1974 to 1975. It should
be noted thatf'according to forestry records, the period of maximal
- forestry operations in Tate's Hell Swamp in areas contiguous with the
upper East Bay area occurred during 1872-75.

The data faor this section of the report include bay-wide collections .

- of epibenthic fishes and invertebrates taken with 5-m otter trawls. Various
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statistical relationships have been delineated between the biological
components of the Apalachicola estuary and key physico-chemical controliing
functions (Livingston et al., 1978; Meeter and Livingston, 1978). Using
various multifactorial statistical tests, river flow has been directly
associated with various ecological factors such as turbidity, color,
salinity, light transmisibiTity, nutrients, and detritus. Alsc associated
with these factors are parameters such as phytoplankton productivity, fish
and invgrtebrate distribution, and temporal sucessions {seasonal) of
distinct biotic assemblages (Livingston et al., 1977). Various community
indices such as relative dominance, species richness, and species diversity
have been analyzed in addition to trophodynamic functions. Many such
biological parameters appear to have direct or indirect associations

with river flow fluctuations although the Tong-term impiications of river-
driven ecological parameters are still under study. Numbers of individuals
and numbers of species of fishgs generally peak during October-November
periods whi!e richness indices peak during periods of Jow river flow. There
is efficient partitioning of food resources in the Apalachicola estuary,
with dominant species participating in a trophic spectrum_which is
relatively well-ordered in space and time. Such biotic components are
linked to seasonal successions of energy inputs which, in turn, are related
to river fluctuations, rainfall patterns, phytoplankton blooms, benthic
macrophyte dié-offs, and the periodic movement of detritus through the
system,

Long-term biotic changes

Summed otter trawl data for the entire bay system were used as a con-

trol for the hypothesized impact area in eastern partions of East Bay.
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As shown in Fig, 1, river flow peaks (1973-75) coincided with general
jncreases in various indices of the fish assembiages (species richness
and diversity, biomass). Subsequent to 1975, there was a general
decrease in such indices and an overall decrease in biomass which
seemed to be related to the long-term trends in river flow. Although
the peak temperatures tended to be relatively stable from year to year,
the winter lows showed a decreasing trend from 1974 to the very cold
winter of 1976-77, The effects of such temperature changes can be
important to various biological functions, and the relatively high
winter temperatures during 1974-75 could have influenced the fish
indices to a certain degree, However, the general trends of the fish
data did not follow the temperature trends in a direct manner. Biomass
fell off during the period of high winter temperatures. Other indices
showed downward trends prior to the winter lows of 1976-77; the relatively
'wanmer winter of 1977-78 was not followed by upward trends of species
richness‘and diversity. Obviously, more data are needed to make

direct associations, and they are under analysis at this time. However,
there is a growing indication that the fish assemblages are strongly
affected by annual trends of river flow, This could be be a trophic
phenomenon {Fig. 2); the amount of organic matter in the system appears
to be directly affected by seasonal and annual variability of the river
flow fluctuation. There has been a general decline in the particulate
matter delivered to the bay by the river during the past 3.years as a
direct function of river flow trends. This connection alsc requires
further analysis, but it appears to be real and could be an important

causative agent for the observed trends in the fish assemblages.
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~ The invertebrate data show somewhat different trends (Fig. 3),
The number of species and Margalef richness showed a steady increase
through 1975 until stabilization (1975-76). Diversity tended to peak
at this time while the numbers of individuals peaked during 1974 and
tended to decline thereafter, The peak river flow (1972-73) and very
low winter temperatures {1976-77) had very obvious and relatively long-
lasting effects on various invertebrate indices, which tended to be
depressed at such times. While recovery was apparent after the cold
winter of i976-77, a general decrease in these biological indices
from 1976 to 1978 may also be in progress which would ténd to parallel
the fish data in this regard. However, the invertebrate data taken
during daytime hours are not considered as reliable as the fish informa-
tion (Livingston, 1976).

Long-term trends of Apa]achicolé River flow (annual totals),

commercial catches of oysters {Crassostrea virginica), shrimp (Penaeus

spp.), and blue crabs (Callinectes sapidus) are shown in Fig. 4 (all

catches are shown in 1000's of pounds: data from the Florida Department
of Natural Resources). The various problems associated with the use

of commercial fisﬁery data are acknowledged (though not enumerated) and

it is within the context of such limitations that these data are used,

The oysfer catches showed an inverse relationship with river flow; peaks
of such produ;tivity usually occurred during low river discharge, probably
in response to salinity as well as to nutrient/detritus input from the
river. Blue crabs and shrimp usually peaked during periods of peak river

flow, reflecting a lesser sensitivity to low salinity and a possible trophic

response to detritus, which is fed upon directly by such species at various
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periods of their development. These data reflect the different strategies
of the species in'question and show that the long-term {annual)} cycles
of river flow are important to such species. It follows that sustained
high or Tow flow (without péaking) would disrupt the long-term functions
of such species. The significancé of these cycles, with application to
the long-term data base in the Apalachicola estuary, is now under analysis.
The impact analysis should be carried out within the context of this long-
term data base,

A comparison of the 6-year trends of the populations of dominant

fishes and invertebrates is given in Figs. 5-12. While there are interesting

inter-population trends {e.g. Leiostomus xanthurus - Micropogon undulatus),
.these data are given here largely as background material and are presently
under intensive review for publication in a series of papers, It is
noteworthy that 1574 represented a peak year for white shrimp (Penaeus
setiferus) while 1974 was an important year for blue crabs (Callinectes

sapidus) .and pink shrimﬁ (Penaeus duorarum). Both 1974 and 1975 were

peak years for Palaemonetes pucio.

An analysis was made of the otter traw] data from various portions
of the Apalachicola estuary. Summed data for fishes and invertebrates
in the outer bay (Apalachicola Bay) are given in Figs. 13-18. Fish
indices showed trends similar to those of the bay-wide data with the
possible exception of relative increases in species richness indicators
‘during the summer and fall of 1977. The invertebrate data in the outer
bay clearly reflected the impact of the river flooding of 1973 and the
- cold winter of 1976-77. The general trends of these data are similar

to those of the whole-bay analysis. East Bay data west of the postulated
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impact area {stations 3, 4, 6) are shown in Figs. 19-24. Once again,

tﬁe trends were simiiar to those in the whole-bay analysis. The fish
species richness and diversity tended to increase and Tevel off from

1972 to 1974-75 with general decreases during the last 2 to 3 years of
sampling. The invertebrates showed a similar paﬁtern with relatively

high species richness values during the first year of sampling. In both
groups, there was evidence of impact due to the 1972-73 river flooding and
the cold winter of 1976, Thus, peaks for various fish and diversity
indices occurred during the period from 1974 to 1975 in Apalachicola Bay
and western portions of East Bay. Data for fishes and invertebrates

in eastern portions of East Bay (station 5, 5A) are shown in Figs. 25-30.
The number of fish species during 1375 tended to be low relative to the
bay-wide trends, with the lowest monthly species numbers and Margalef
richness occurring during the fall of 1975 (during the peak rainfall),
Episodic fluctuations of river flow and low winter temperatures also

. had a considerable effect on the fish richness and divefsity indices. The
general patterns in the eastern portion of East Bay differ considerably
from those in other portions of the bay and from the bay-wide data in

that the 1974-75 pericd was not a time of peaking indices. The invertebrate
richness and diversity indices, unlike the summed bay-wide long-term
trends,-showed relatively low Tevels during 1974-75 with no real peaks
during this p;riod; The shape of the species richness curve was different
from that of the summed data or from western portions of East Bay. These
differences are apparent in a comparison of stations 5 and 6 (Figs. 31-41)
and seem to reflect the runoff characteristics of the different portions of

the bay. The heavy rainfall, together with changes in related water quality
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in the East Bay drainage area during 1974-75, were'probably responsible
fdr increased stress on the biological systems in the receiving portions
of the bay system during this period. The differences in the long-term
patterns in different sections of the bay are presently being analyzed
using various forms of time-series analysis, Thé resulting models will
further test the hypothesis that eastern portions of East Bay have
biological trends that differ from those of other portions of the bay.



363

Literature Cited

Cato, J. C. and F, J. Prochaska. 1977. Landings, values, and prices in
- commercial fisheries for the Florida northwest coast. Florida Coopera-
tive Extension Service Marine Advisory Program, SUSF-5G-77-004.

Livingston, R, J, 1976, Diurnal and seasonal fluctuations of organisms
in a North Florida estuary, Estuarine and Coastal Mar, Sci.
4, 373-400,

Livingston, R. J. et al. 1977. The biota of the Apalachicola Bay system:
functional relationships, pp. 190-235 in: R, J. Livingston and
E. A, Joyce, Jr,, eds. Proc, of the Conf. on the Apalachicola
Drainage System, Gainesville, Florida.

. 1978, Long-term variation of organochlorine residues
and assemblages of epibenthic organisms in a shallow north Florida
(USA) estuary. Marine Biology, in press.

Meeter, D. A, and R. J. Livingston. 1978, Statistical methods applied
to a four-year multivariate study of a Florida estuarine system.
Symposium on Quantitative and Statistical Analyses of Biological
Data in Water Pollution Assessment, ASTM Committee D-19. In press.

Whitfield, W. K., Jr, and D, S. Beaumariage, 1977. Shellfish management
in Apalachicola Bay: past, present, future. pp. 130-140 in: R. J.
Livingston and E. A, Joyce, Jr., eds, Proc. of the Conf. on the
Apalachicola Drainage System, Gainesville, Florida.



364

Fig. 1: Six-year trends of Apalachicola River flow, bay water temperature,
and various fish indices (number of species, Margalef richness,
Shannon diversity, and total biomass) taken from bay-wide summed

otter trawl data.
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Ffg. 2: Long-term {1975-78) trends of Apalachicola River flow {(mean monthly
flows in CFS), macroparticulates (leaves, detritus, etc. taken
from otter trawls in the bay} and microparticulates (particulate

matter from 3}* to 2 mm in diameter taken from filtered river water),
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Fig. 3:
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Sixe-year trends of Apalachicola rainfall (total monthly, cm),
water color (surface and bottom, stations 1 and 5, Pt-Co units),
salinity (surface and bottom, stations 1 and 5, ppt), and
various invertebrate indices {number of species, Margalef
richness, Shannon diversity, and total number of individuals)

taken from bay-wide, summed otter trawl data.



- 369

SAVIA-IWIL

(BL6L L2681 QL szen wsl, £61 nl6l

L, .m.m_&_.hm&*okm__hnh.o__vn.o_ £L60 6l

oot 60
g1
1002
sjonpiatpiy y ooe jejoBioyy : LT
€0
-9
60 .
i -zl
51 ,
Ausienig teredg o 8
Aujog
0L {
£ -0l
Qe
-ZE
0% o . i
oL T gy
10107 lieguroy
t~40q pjoayaojody — SIIVIIILYIANI

¢-4oq 1503

wo



Fig. 4:
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Twenty-year trends of Apalachicola River flow (annual totals,
C. F. C.) and Franklin County landings (in thousands of pounds)

for oysters (Crassostrea virginica),'shrimp (Penaeus spp.), and

blue crabs (Callinectes sapidus). Commercial catch data represent

annual totals reported by the Florida Department of Natural
Resources (Summaries of Florida Commerical Marine Fish Landings)
as summarized by Cato and Prochaska {1977). Data taken prior
to 1957 were not used becau;e of the abolition of the severance

tax at that time (Whitfield and Beaumariage, 1977).



#x10

#x 10

CFS x 10°

200+

200+
100+

a

200{ /

A

A/

371

COMMERCIAL _ Zhass
CATCHES /\_

A
/) /\

SHRIMP

- \/ \/ \/\/\/

OYSTERS

\ /\/\/

A RIVER FLOW

1 ] I [
1957

T L — !
1962 f%7 197 2 ]977

TIME :YEARS

450

150

#x10



aLe!

3n

TBL6L “Adeniqay ybnouyy Z/6f Adenuep wody A4eny1se v)odjyoeedy ayl Uy Bu)mea3
49310 Spim-Aeq wO4y U J{[FYOT|M eOUIUY 4O S|ENPRALPUL JO SJaquny

'§ *B}4

an*o

oo’ oe

go*qast

00°0he

Q0" g2e
STYNATAIONT 40 ¥39WNN

T

ag* 0Gh

00’ 08+h

00°09s

G0"0ha



AN L o

aL61 SLE1 hiBl

373

v

‘BL61 *Aaenagaj ybnouyl 76| ‘Adenuep woay £AN3S? R10JJYde
¢ Ledy 3y3 uy Bu
v = [MREY 48730 apiM=Aeq wouy uaey snieinpun uobodoudly jo S{ENpLALPH) uo .__w._ﬁ.."_

9 B4

gg°Qas 00'C

oot oot

T

00°0st
STYNOTAIONI 40 HIEWIN

00° 002

L]

' 0a° 052

00° 00E

40" 05€

00’004



9L61

aWwid
5L61

hiBl

374

rrYTrryY

816

wouj AAeniss RLOIjyde|e

rTYrTYTYY

ELGI

*Aaenaqay ybnoayy zi6l *Asenuep
Ayl up Bujmed] 43330 apim-Aeq
WOAJ UIRe] SNIAYIURX SHWOJSO43T JO S|RNPJA|PUL JO SJ9qQuNN

2LG1

0C" 80k 0c-gZE 00" 0he 00 081! go°oe potg
STYNMITAIONI 40 H3IGWON

00 dBh

G0‘ 085

—

Q0 0h8



7e

Q61 ‘Alenugad ybnoayy 2761 "Asvnuep wodj AIRn3sd #lodiydeledy ay3 Ew Gug | med3
43130 9piM-Aeq W04 UdNRY SAPIOES SIIIDUL[(E) JO S|ENPLALPUL Jo saaquny :6 ‘B4

00’ 00h ac*oz2e 00° 0he aorgsat 0c' 08 ca*a
STYMAIAIONT 30 Y3IEWN

00" 08+

oc'oas

00° 048



7!

B61 “Aaenaqay ybnoayy z/6| *Asenuep wui A4
43330 apim-Aeq WOLY UBYRS SNADLTaS

PN15a RLoolyde edy ay3 up Gupmeas

SnoRUR4 JO S|ENPIALPUL JO SuBqunN

0l *Br4

n0o*as2 go"goe 00051 00" o001 0g°gs
STYNCIAIGNT 40 ¥3GWN

00" o0e

00'0se

00°00h

00'0



378

‘gL6t ‘Aarnugag ybnoayy zz61 ‘Adenuer woay Adenyse vlopwdwledy sy3 uj buy
- [MEAY J2130 BpR-ARY W04} UANRY WNIRAGHP SMBRUSJ JO SLenplAjpu} Jo saaquny || *6}4

00°0

go-Qe 0g" gz G0 al

00" Oh
STYNOIAIONI JO ¥3AWNN

00° 089 00°0S

a0° oL

00°og




LLE] 9L61 .SLB1 hibl

379

v

"BL6L ‘Adenagay ybnoayl 261 CAdenuep woly A1en3sa v|odjyde|edy ay) up Buyg
~MEd] 243330 2piM-ARg Wo4) UINe] OjbNd SajPuCVT|R4 JO S(PNPJALPUL JO SJaquUAN

1zl "B

go*ao! oot os ao- 09 00° Ch ag-ne
STYNAIATANI 30 Y3AWN

as oel

00° 041

00'0381

ac'o

-

oo



380

. “*gI6L ‘Aaensqas
ubnouy3 ZZ61L 'wodeW wWo4y (31 AL Vi *Z °L suojieys) Aeq vlodpydeiudy wouy
SIMRJ] J3730 U} ALYIUCU UDYD} SPYSE) JO S3|Hads §O Jaqunu IY] A0} RIEP pIULNG

gy B4

0o°s 00'd

go*oi

oo st

00°0e
$31334S HSId JO YITWN

00°s5e2

T

00*0E

00°Se

r

00" Oh




N ria . . * .L .. L]
: BLEI : LLEBI \ 9L61 _ SL61 _ LY _ ELGBI 2LB1
A 'l i i i A i [ ate ]
o
o
R .
B
&
(=]
7 ‘ 8
y
— L BN
] o
L 4 Y ©
| 0o
"
N 5 =]
q , L
y ,m.o
(=]
[ =]
-
8
¥
‘gL61 *Aiwnagay ybnoayy z/61
¥ ‘yosey woay (31 gL YL *2 *] SuofIu3s) Aeg v[0djyoegedy wouy L

FLMRAT 42330 uj AQyjuow UBNRY SayS) so SSBULOLJ JaLebiey B3 40J Pjep pauumng

‘i *bi4

00" h

SIHSIJ 40 SSINHDIY CERl L



IWLL

8L61 LLBI aLBl SLE1 HhiB1 ELEI
— : ] . 1 . ] : ] . 1 : ! o
. Q
o
[
o
¥
[ o1
o
4
4‘ 2
[
v X o
o
u L e
v N
4[ r [
4 4 b .
3
v
g
L 4 P
(-]
d b
o
"8L61 ‘Adensgay
yBno.yy 2761 “ydaeN wody (J1 AL ‘YL ‘2 °L SU0jIwis) Aeg e(63jyde|edy woss v
S{MRAY 43330 UL A|YIUOW UANRT SBYSEI JO AILSIIALP UOUURYS 3Y) 40 u3IRp pauwng gL “Hi4

oh'2

SIHSTS 40 ALISHIAIG NONNYHS



8L61

LLEB1

a6l

AWl

SL61

hiB1

ELBI

383

2i6l

‘yauey wouy (3 ‘gL ‘vl ‘2

v

*BL61 *Adenaqay ybnoayy

"l mzo_auuuu ARg elodpyoR|Rdy wou) S|MEL)
J2110 Uy A{yjuou uaye3 muuuhauugo>=_ 40 52}03ds jo Jaqunu 3Y] JOj RIUP pIUANS

91 614

0’ st 80’21 06" 6 00°8 00°€
$3193¢S JIVHGILNIANT 40 ¥IWON

ao'8t

ao'i2

00° he

co*a



hi61

ELBI

384

‘g6l *Adenugay ybnoayy
ZL61 ‘vaaey woay (J1 ‘Al *¥L 2 *L suojie3s) Aeg efodjyoviedy wouy Symesy
423330 up ALyiuow uayey $IIRJGIILIAUL JO SSIUYILA Ja|RbACH Y} 0y eIep powwng

2L B4

v

ca'a

52°2 081 se'1

SILYYGILNIANT 40 SSINHOIY JITVOUVW

oL'2




b

mbmﬁ | LLB1 . 9LB1 _ SL61 . hiB1l _ ELBI ZLE1
. : - . t ; 5
=
' a
-4
3
v
] Av <
[ ®
v Y 1=
4
' w
[ @
4 o
3
A4
L 4
A 4 | .
Y v mu
4 ¥
k 4 * .
3
v
L \ 4 -
‘ =
‘g6l ‘Auentgod ybnoayy
ZL61 ‘Ydaew woay (L ‘gL VL “Z 'L SuopIeIs) Aeg vLodjyde[edy woaj S |Meds .

43330 Uy A YJuow UDNR] SIIRIGIJLIAUL JO ATRSADALP UOUURYS Y3 4oy eIep paumns gt "G4

oh*

SILIVYEILYIANL 40 ALISHIAIO NONNYHS



{ _ [ q ﬁ - L _ I | _ _
8.61 LLg! 5.61 SLEI higl ELB ZLG1
L 1 i 1 M 1 i i X 1 1 a o
€
o
Y
- LN
Q
=]
5
4
=
g
. (=]
\
v -
4 a
L=
4
3
L \ S
o
2
y
)
. o
o
o
- )
[
o
a
|- W
a
Q
o
"B61 ‘Aawnaqay ybnoaysy
ZL61 ‘Ydaey wouy (9 pue “§ "t suoiiels) Aeg Ise3 Jo SucLlJod uialsem wouj _.
S|Med] 25330 U) A(YJuow uaXeY SIYS|Y JO S3L0AdS Jo JIGUNU Y 40y PIEP pawung 5| '6)4

00" 04

5313345 HSId 40 WIgWN



BLE] LLB1 9LB! SL61 HiBI

ELRI

ZLel

387

v

"8L61 ‘Adensqas ybnoayl
2L61 "IN wouy (9 pue ‘p *Z SUDLIRIS) ApQ ISPT O SUO}Jaod ULISIM WOU Y
StmMea) 28130 U Alyjucw UaNET SAYSL) SO SSBUYDLL JajvBuel 8yl 40} piep pauwng

0z 614

00’ g

oL’

02'h

06*h

08's

. S3HSId O SSIKHITH FTTWOHVW



2461 ‘ydaey wouy {9 puv ‘y ‘g SUD|3193S) Avg 3583 JO SUOJIA0d UAIISIM WO
SIMRAY 43330 UL ALYIUDW UBNRY SAYS| JO AISJBAIP UOUURYS BYJ A0 eIEP pINS 1z b4

881 LLB1 gLsl SLBI hLB ELBI zegel!

L 1 1 Il 1 1 A X 1 1 i 1 L o
=
bx)
N
o

v
, K
5
4
) 3
A4
J_. 1 ,
r
X ¢
)
o
e X
5 ,mk
4
al
_‘ °
{ TR
y
b U R
o
"8i61l “Aavhugay ybnoay)

Oh'2

S3HSId JO ALISYIATA NONNYHS



389

. "8i6L “Kaenuagas ybnoauy zg6|
youeW woua) (9 pue ‘4 "¢ suojels) Leg 35e3 JO suoilaod useISIA WOUY S|ME4)
43730 U] A£|QIuow UINE) SDIRIQITIIAUS JO SIS Jo Jaqunu BY) JOJ RIRp pAULNG

12z *614

00 8t 08-St 002! 00’6 00°s 00‘E 00" 0
$3193dS ILVYGILUIANT 50 HIGWN

00" 12

00° w2

ey



3%0

"gL61 “Asenugad ybnoayd 261
‘YIaTN Wo.L ' ¥ ‘g suoijeys) Aeg 31593 JO Suojldod ULDISIM WOUS S[MRA]
._uﬁu c_za_:u“o.m_e__w“uu SIINUGITADAUL JO SSIUYDL ja|ebBaey 8yl a0y viep patamng

g2 "By

(11 Se*1 ¢}y Sh'
SILVIGILYIANT 30 SSINHITY JTWouYW

52'2

|- 0J

oL

SI°E

08°E

040



aLel . LLBI . 9L61 \ SLB1 . LTACY | ELBI ¢LE1
A A L A 'l A I 0
o
v , =]
v
Y- v
Y
[ w
L=
v
1
Q
b
3
, g
r N
a % o
0N
Q
H -
y
8
o
=]
LN
o
‘8L61 *Atenigad ybnosyr /61
‘Yaaey weay (9 pue *y ‘g sucpinys) Aeg 3se] Jo SUD|LIA0d UADISIM O S|MOAY :
49330 Ut ALlyIuoe UINT] SIITUQALUIAU} JO K}LSAIALp UOUURYS BY] JO) wlep paung 4z "Biy Lo

O%’

S3IVYEILYIAND 20 ALISYIAIO NONNVHS



LLB! L6l SLE1 b6l

392

, *g/61 ‘Aaenagay ybnoayy
2761 ‘UddeR woay (VG pue § SuG§IPYS) Aeg 3501 JO SUG|S0d WJIIISEd WO
S|Mp4 49710 UL Alyuow uye] sYSE) JO SBIBAS JO AIQUAU Y] JOJ PIEP PN

152 "6

00°S1 0g- ot 00" 5 0G‘0

06+ 0¢e
$3173dS HSIS 40 ¥3TWAN

00" 0t 00-s2

Qo°SE

06" 0k



i i

—q

BLe1 (L6 9L.81 SL61 heb1

L | 1 1 1 ] L 1 1. t

393

ELB! cLBY

. *Ri6l ‘Asenagay ybnou
2461 "wdaey wouay (Y5 pue G SUGLIVYS) Aeg ISR SO Sud|laod Eoumuu Eouw
SIMRJT 42330 U) A(YIVOW UYEY SIYS|) JO SSAUYDLA JapebJvy 9y} 4O VIBp pamINg

192 014

02" 4 05°E 082

06" h

095

SIHSTS 0 SSINHITH JIIWIUVM

§



[ ( _ f 4 L ! | | f f
8L6t Lig! 9461 SLET hiB 1 ELBI ZL6|
L 1 1 1 L 1 L | [} 1 i i Lon]
o
o
[ w
a
-
4 Y - v
[ @
=]
A4
k
-] -
o
[ 4
& 8
N
A X
N . | —
ay
o
v -
m
=]
L. D
=
. "BL6L “Aapnaqay ybnoayy
CL61 ‘UdaeK woay (yG pue § suojiers) Aeg 3se3 Jo suepjuod usajses wouy

S|Med} 42330 u} ALYIUOW UINRY SAYS|S JO AI|SASALP UOUURYS YUY 40§ RIEp pouwns 112 614

Oh"2

SIHSIH JO ALISHIAIO NONNYHS



]
L Z [T
L mbm_ _ E_._.m_ : mnm_ \ mﬁmﬁ _ LTA) h ELBI cLBl
i 1 L o
o _ : 8
b & LA eIy g - L
) - -
Q
o
1P
=
a
[ 1]
2 -
o~
8
b
8
@
o
o
B
_ 8
*8i61 “Adenagay ybnoayy
ZE61 "YdJwW woay (¥S puw § SUCLIRIS) ARg ISP JO SUDPIL0d ULBISED WOLS S|MeJ)
43770 up A[YJuom UINR] SIIVAGILUIAUY JO S3D3GS JO 4IQUNU 24) 4oy TIVP pamms g2 ‘Bij

00* w2

$31J34S FLVUPILYIAND 40 ¥ITWN



8L61 . LLBI : 9L61 _ SL61 . hL6l _ ELBI ZLB1

A 'l i N N . : 0

o

Q

y
EA
L2
4
L Y -
g
o
v

X - =
#2
m
|
m =
o £
Q@ ™
S8
Qo
|
=z
Lo &
- -]
3 g
g
&

B

~

i =]

!e

@

"gL61 ‘Aaenagad ybnoayy
2461 "Youel wouy (yg pue G SUOLIRIS) AR ISe] JO SUD[IL0d UJIISEI WOAS §[MEJ)
43330 U} A YJuow UIYR] SIIPUQIA2AUL JO SSAUYDLL SI|wbavW BY3 4o vjup paumng 62 ‘6|4
L



. & N

W1
8L6! : LLB1 _ gLol | SLB1 , Hhib1l , mﬁ.m_ thﬂ o
L L 1 5 P A C
o
=]
v 3 v
. 3
o
? v -
Y v E
4
4
k-
3
\ \ 4
~ X ’
A -
.t N
=]
. v
o
o
4
8
- IN
' o
"8I6] ‘Aaenagey ybnouayy 2w
ug.t) Ag pue § mgrﬂﬂu.wv .ﬂﬂﬂ s Jo m:ﬂ—#ha EUHMMO wod J um“w.wu uﬂﬂuu ™

ul Alyjuow uaye

1 SIINIGITLUAUL 40 KIFSJAALP UCUURYS DY) Joj ejep pauung :of 6} 4

Oh*

SIIVHSILYIANT 40 ALISHIAIQ NONNVHS

. - S

LY
— ke



BLE1 Ligel 281 SLE1 hig| ELB1 ZLBI
1

398

h 4

©TBE6Ll “Aumnugay 4BNOAYY 2761 ‘yddew Wouj § UDLIEIS J0
m—xusuaouuac_x—:uenﬁ:uauuuu:m-umoauvuoamuauoasaga:uuom auovvo===m”~n.m—u

g0 st 00*2! 06'B 00°3 0G°¢ 860
$3193dS HSI4 40 YITWN

0g'8t

ag" 12

00° he



iy P —— 1II||‘I14

BLEI

Lig! aLB1 SLB1 hiB!

399

ELBI

zLgl

L6l ‘Adwnaqaj ybnoayl Zzel “ydue
W WoJ uo
43370 U} AYIuow udye) SaYS|H SO SSAUYD L mo—amsuﬂ.w=u wwwuwaw“ whn“nw

12e "6

oL*

0S'£ 082 o1 Oh'
SIHSI4 40 SSINHOTY STTVOUVM

az* h

06" h

09°'s

00'0



_ I _ i _ | A I [ i _ [
881 LLg! TR SLB1 il ELBI ZLgl

1 | 1 | L 1 1 1 i 1 1 1 1 ]
o
[um}
o | .
7 3

v
M@
L)

v
4
P Y o y |
<0
o
Y
¥
v 5
X b4 re
g S
> Y 4
v
] ’ M
o
L
w X

A X |
A @
k4 (=]

k 4

v

B
] =
g6l “Adendqoy ybnoayl zZiGl *yieW wouss g :o.-unua 1B S|MeJ) -
- 48130 U} ALYjuow uayel SaYSLS JO AJ|SISA|p uouurys Iyl 40) elep pauwng ¢ B4 5

S3HSI4 40 ALISHIAIO NONNVHS



BLE LLel 9L61 5.6l htBl

ELB)

L8l

401

961 *AIRNIGRS UBNOUYY 2(6] 'YD4TH WOJ) § UOLIEIS JT S|MRaY
J2370 U] Alyjuow uaye} SaYsS)y JO SB|IadS SO JqUNU DY) 40) PIEp PIumNg

've “61d

00" 81 aa°s1 00’21 00" 6 00°‘S 0o'e 0g'c
§3193dS WS4 40 ¥3gWON

00" 12

00" 2



402

"BL6L AJBNIGDS, UBROUYT 261 “YIIRH WOUS § UOJIMIS IR SiMea
43330 U} ALYIuowm uUINE} SIYS|S JO SSAUYIJA ga|ebuey Iy} aoy eyep twsszm

:5¢ "Bry

0s°'€ o'z a1z Ch* 0Lt ° 08°0
SIHSIA 40 SSINHIIY ATIVOUVH

02° &

05* h

08°S




BLBI

LLS) 9LEB1 546! Ht61 ELB1 ZLBl
N A ! I 3 I 1 1 1 a L (=)
Q
[}

v
M w
Q
4 5 >
v
, L.
v Ax o
F
[ 0
4 }
m™m
g 3 |
S
q
4 y
- r
b A -
)
(=]
v | .
¥ MB
[ ]
- &
=
"gI61 “AaEnagag ybnoayl /61 'UduEy W) § UOLIRIS B §|MeJ)
43330 Ul A yjuow UaNERY SAYSEy JO AJESAIALP LovuRyS Y} o) eep pauwng :gf ‘B4

0h'2

SIHSIJ 40 ALISHIAIO NONNYHS



Etemed e | | ! ﬁ _ I S A _ (

SLE1

‘8261 ‘AaRnagad yBnoayl 2760 'Yddel WOy § UOEIEIS IR S MRAY J33T0
Uy AQyjuow uaye) $93PAQIILBAUL JO S3)D3dS JO JIGUAU BY] A04 DJEP PIMLNG

e "6

go o

00 2

00°03 0o's 0o'a
SIT3dS 3LVHTILYIANT 50 HIAWON

0a* 2t

00" hi

0o“at




405

"9e61 ‘Adenagay ybnoayy 2£6] ‘yael W04y 9 UOFIRIS JR S{MEJ] 4]0
U} Apyjuow ujel $PILIGITJBAUL JO SSAUYDLJ jalebaey 3y 4o0j eyep pauwwns :gf 614

s2'2 08 1 5 1 gE"* Sh* 06°0

SAUYYFILYIANT 40 SSINHITY JTTVIHVH

oLz

S1°E

03'e



8LB1 LLBI \ gL61 _ SLE1 _ hiB1l . ELBY ZL81
Y
%
8
y
Y L »
o
o
r
3
- L
L 4 Wu
o
3
3
F o
o
‘861 ‘AaTRagad YBnouyy 2761 "yluey Wo4) 9 UDGLIRIS IT S MRUT J3I30 U|
Alyjuow uaye) SAIRIQIIAIAUL JO AJ|SUBALP UOUURYS BYF 40} UIEP pauMng gf D14

0h'2

06'a

S3LVYFILYIAND 30 ALISYIAIO NONNVHS




I

LLBI

407

‘gI60 *A4vnuqad ybnoayl 2zE1 “Yyddel WOJY § UOPIRIS N S[MRAY 43I0
Up Alyjuow uaYv] SIJRAQIGJIAUL JO S@|d3ds O 4aquNU Y 4O RIPP powwng

0% “bi4

00's 00'8 00* 4 o2 0G0
§3193dS ILVNGILUIANI 40 YITWON

ao*ot

og*2t

Q0 hl

0a*ai



is

b

_AL

8LE! LLBT ! 9.61 SLE L TA ELEI eLel
N 1 N 1 L L N 1 " L N i | L o
o
(=]
4 o v
T
v .
3
< v
-
m
o
v
5
' 4 K
J v =
y
[+ ] .
m -
n
v =
L. b
n
o
o
o
L B
. iy
fu)
"gi6lL ‘Aaenagai yBnoayl 276l “YdLeN WOSY § LUDLIRIS IV S|MR4] 4330 Uy H
ALYIuow udye] SIIRIQITIBAUL JO LI |SABALP UCUURYS DYI 405 RIep pauwng 2y *Bii
; -

Bh*

SIIYUEILYIANT JO ALISHIAIO NONNYHS

e



