
8.3 IMPACT ASSESSMENT

To estimate the effect of entrainment on the SIC 'a :cons er va t i ve approach was
undertaken, which results in an overestimate of pocential entrainment effects
by substituting conservative assumptions where information is limiting. For
example, organisms identifed only to family were added to organisms
identified for selected species to obtain total entrainment es timates. In
addition, the station, either C, D, or E, which provided the highest
entrainment estimate was utilized in the entrainment calculations. In
general, these were intake stations for early life stages and the discharge
atation for later life stages.

Densities calculated from the field collections during a species period of
occurrence were multiplied by the flow of the power station to estimate the
number or organisms entrained. The calculation assumes units are operating at
100 percent flow capacity, which represents the maximum situation.
Tables 8.2-13 to 8.2-15 present total entrainment estimates utilizing
Stations C, D, and E, respectively, for organisms i dent i f i ed to species.
Tables 8.2-16 to 8.2-18 present information for organisms identified to
family. Table 8.3-1 presents the maximum value for Tables 8.2-13 to 8.2-15 by
species and life stage, which forms the basis of the entrainment assessment.
Table 8.3-2 presents similar information for unidentified 510.

Once the number of organisms entrained is estimated, the number of adults that
could have potentially developed from these entrained individuals is
calculated under the conservative assumptions of the equivalent adult model.
This model, first formulated by Horst 0975 and 1978), has been widely
reviewed and used in the aS8eSBment of entrainment effects (Dahlberg 1978;
Saunders 1978; Taylor 1978). Goodyear (1978) has produced a U.S. Fish and
Wildlife Service guide on the Uge of the equivalent adult model for assessing
the effects of entrainment.

The actual formulation of the model is very simple: in equilibrum, the
fecundity of a breeding pair will be reduced in one generat ion to two breed ing
adults: Le.,

2 • S x Fe

where

5 is the survival from egg to adult,
e

F is the fecundity of a female during her life.

or

5 ". 2/F
e

(8.3-1)

(8. 3- 2)

The survivorship from egg to adult is equal to the product of the 9uvivorship
from egg to larvae (E) and the survivorship from larv~e to adult (51):

5e • E x 51 (8 . 3- 3)
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Therefore, if the entrained l i f e stage is l ar vae ! '.t.helt F in Equation 8.3-2
must be mul t i plied by t he survival from egg to lar vae. ' t e. give the survivor shi p
f r om larvae to adult.

51 .. 2/E X F (8 . 3-4 )

The number of entrained larvae ( N ) is multipli ed by 51 t and the number of
entrained eggs (N ) is multiplied by S. The products are added together to
give the number of adults (N ) that wo3ld have resulted, assuming 00 density

adependence .

N ~ 51 x Nl + S x Na e e

The model formulation relies on the following assumptions:

(8. 3- 5)

1. The population- is in equilibrium, such that the number of fish in
the population at any time and the proportion of fish at any age are
constant, with st4ble age distribution. I f t he histori cal
information on the fish population shows an i ncr eas i ng or
decreasing trend in population size , the numer at or of Equation 8.3
2 can be appropriately modified.

2. The li f et i me of a fish in the populati on i~ the most probabl e age t o
which a fi sh will live or the mean ge ner a t i on time of the
popul a t i on .

3. The reference to a breeding pair applies to a situation where the
number of males equals the number of females. If a skewed sex r a tio
exists in the population, Equation 8.3-2 can be altered
accordingly.

4. The expl oita tion of eggs and l arvae occurs a t the times eggs are
l aid and larvae hatch.

5 . The number of equi val ent adults represents the annual loss in an
equilibrium density-independent population with a stable age
distri bution. This los s i s di s t ribut ed i n pr oportion t o the stable
age distri but i on .

Therefor e , the minimal information requ ired for the equivalent adul t model i s
age of sexua l matur i ty , longevi ty, an d av erage fecundity . Fecundity is a
rel.atively ea sy parameter t o es timate and is gener ally available for most
s pecies .

Another perspective on entrainment can be s een in Section 10.6. The
hydr odynamic model was utilized to investigate the effect of entrainment on
the abundance patterns i n the area of the pl ant . Sever al ini tial density
gr adi ent s were utilized to cor res pond to the rcaultB of field sampl ing for the
SIO (Section 8.2). Since the entrainment occurs at the intake and any
organisms which suffer mortality will be absent at the discharge, abundance
differences associated wi th en trainment occur at t he di schar ge . Water with
zero-density plankton was i nput to t he model at the POD and mixed with water
cont aini ng plankton a t the previously es t ablished concentrations (dependent
on ini t ial dens i t y gradients) . The resul ts of t he analys is des cribed i n
Sec tion 10. 6 clearly show that the maj or so urce of or gani sms is of f shor e.
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This conclusion is reached since entrainment effects are localized and do not
extend throughout the area modeled. This result can only occur if the
plankton concentrat ions within the modeled area are high enough to counteract
the input of zero-density water at the POD. The use of t hree separate cases
provides an indication of the differential effect of entrainment mortality on
plankton concentrat ions to the northwest, to the southwest, or evenly
distributed across the study area. The results indicate that populations
concentrated offshore are less affected by entrainment, and populations
concentrated offshore, in the northwest section of the study area, are
affected least of all. For all three cases, this analysis clearly shows that
even under conservative assumptions, entrainment has localized effects.

8.3.1 Assessment of SID Entrainment

The fo llowing sections present available information on population parameters
for each SIO. These data were utilized as input to the equivalent adult model
and to evaluate the effects of plant operation on the species population in
the Crystal Bay area. To assist in evaluating the assumption of 100 percent
through-plant mortality and the existing distribut ions near the discharge
area, available information on thermal tolerances of SID has been summarized
and provided i n Appendix VI.

8.3.1.1 Anchoa mitchilli (Bay anchovy)

Spawning occurs in the Delaware River estuary from about May to September
(Stevenson 1958). In the Tampa Bay area, Springer and Woodburn (1960) took
almost ripe individuals in July, September, and December. Gunter (1945),
working in Texas, took nearly ripe individuals from March until August when
sampling was terminated. This indicates a very long breeding season.
Spawning is reported to be protracted year-round in warmer waters (Haese and
Moore 1977). Houde (1974) collected anchovy eggs from Florida waters at all
seasons of the year.

Anchovies migrate to shallow waters during the spring and summer (Stevenson ,
1958). During spawning, the sex ratio is 1:1, but at other times there is a
statistically significant larger number of females than males (Stevenson,
1958). Eggs are pelagic when spawned. Hildebrand and Cable (1930) reported
that the eggs hatch at the surface and some young appear to descend to the
bottom at a very early age. Kuntz (1914) reported that 12 to 16 hours after
spawning, the eggs begin to sink. Stevenson (1958) gave numbers of eggs per
1/25th of the right ovary for 15 specimens; he estimated that 7 percent of the
eggs in the ovary are spawned. Calculating from these numbers, the number of
eggs spawned per right ovary ranges from 731 at a standard length of 51 rom to
1080 at a standard length of 7S mm. Numbers of egg~ per i ndi vi dua l are at
least double this since the right ovary is generally smaller than the left. A
regression of fecundity on standard length is also given (Stevenson 1958). In
the present study, nine gravid first year females were found to have 1173 to
4387 eggs per female (aver. 2240).

Length-frequency tables from Springer and Woodburn's (1960) studies in Tampa
Bay indicated that there were usually two and some times three year classes;
this is i n agreement with Gunter's (1945) findings. Stevenson (1958)
concluded that individuals that were spawned early in the season could
themselves spawn the next year at age one, while others first spawned at age
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two . Hildebrand zmd fGabj.<~ '(T 9'30) ~1.i"':t(\,H't e.U ~}t, lJB,titti;j.lt1; ;j,!', ~ ~:;jv'~L, hha l s of 2 1/2 t o
3 mo nths of age ; however, .ScEven'H"w i('t :>5!H : i.i ~i£J:'t"rr,;~!5 ' tJhGt .chese fish were
actually spawned very l ate che pre:lii,.ou~ , :J ~S lJ.OO, . 'Sf'..Kua:1 ·\lW t~.tt ri ty is att ained
at a length of 35 to 40 mm in ])el ai;a r e : 5a)' {:I',,-tf~\\.5n~.';1n.; ~t958/> j 40 to 50 mm i n
Chesapeake Bay (Hildeb rand and Cap::te~ 193u) ; ·!.5 ' r<'1" ;60 :mn, ,::;ff North Carolina
(Hil debrand , 1963, ci t ed i n FPC "1:97:7) :; :::00 ;:J'b. J :mm 'lLttloIi es ) and 60. 0 mm
(femal es) off Texas (Gunter , 1945 ) ~

The equi va lent adul t calculat i on as smaes a one ye.:?:r life cycle with aver age
fecundity of 2240. The eggs have a short duration; one day was assumed fo r
the ca lculation . Bas ed on Houde ( 1977), the eggs were es t imat ed to have a 92
percent ha t ching s uccess and 40 percent s urvival from proLarvae to pos t 
larvae.

Equivalent adul t estimates were derived f rom con servative assumptions which
under l i e Table 8.3-1. All life stages (eggs, prolarvae, post1arvae, and
juveniles) were r epresented in t he entrainment es t i mate . Bay anchovy was the
most abundant organi sm entrained. The equi val ent adults associ ated wi t h the
eggs , pr olarvae and poetlarvae are 10. 4 , 0.75, and 6. 7 mill ion , r es pec tively .
The loss of juveniles, assumi ng they are at the midpoint between pos tl arvae
and adult, would result in 3. 8 million equivalent adul t s .

Table 8. 3- 2 provides calculated entrai nment numbers f or those organisms not
i dentified t o species. For t he bay anchovy , t hos e organi sms identifi ed as
Anchoa 8p . wer e considered as bay anc hovy. The prolarvae and postlarvae of
Anchoa sp. are entrained in numbers comparabl e t o t hose for the same life
stages of A. mitchilli . Therefore, the addition of these unidentified
organisms would not cbange any conclusi ons fo r bay anchovy.

8.3.1.2 Polka-dot Batf ish

Ther e is l i ttle life history information on this species, ther efore, no
equivalent adult calculation has been made. The ef f ec t of entrainment is very
minor . Juveniles were the only l i f e stage col l ect ed and the occur r ence was
short in dur a t i on and compr i s ed of a few individua ls. Station E was the only
entrainment station a t whi ch any l ife s tage was ca ught (Tables 8. 2- 13 and
8.2-15). The juveni le polka-dot ba tfish to tal entrai nment was 190 , 000 (Tabl e
8. 3-1). .

8.3.1.3 Or t hopr i s tis chrysoptera (Pigfi sh)

In the area of the Crysta l River Generat ing Station, pigf i sh were present only
6 months of the year, be ing scarce during the cooler months (Grimes &Mounta in
1971). I n the Cedar Key area , pigfish were caught all year except January and
were most abundant during t he warm mont hs (Rei d 1954). In St. Andrew BaYt
Florida, however, pigfish were least abundant in summer (Pristas et al 1978) .
Pigfis h are winter -spring s pawners (Hoese and Moor e 1977) and s pawning at
Crystal Ri ver probably begins i n March (Grimes and Mount ain, 1971).
Hi ldebrand and Schr oeder (1 928) reported spawning i n June in Chea sapeake Bay .
However, Joseph and Yerger ( 1956) felt that in Alligator Harbor, Florida,
pigfish s pawn several months earlier t han this, and by June the young are
approximately 40 mm i n · l engt h . A statistically s ignificant larger number of
females than males was observed i n f a ll in St. Andrew Bay (31.6% male), but
not in winter or spring (s ummer not tes ted) (Pr i ataa et a l 1978) . Three
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gravid femal es t aken at Crystal Ri.~7.· had 11302 to :r·lf:i. 60 eggs per female
(aver age 21660) .

Since only pigfis h post larvae were i den ti f ied, t here is 0 effec t pro jected to
the earlier l ife s tages . Tab le 8. 3- 1 shows t hat t he l arges t number of larvae
(760 , 000) was a t Station C. Assuming t hat t he aversge l t~ expectency is
2 years, t he s urvival from egg t o adult would be 9. 23 x 10 • There is no
availa~le inf ormat ion on t he s urvival of egg and prolarval pigfish. If i t i s
assumed that ab ou t 10 percent of each l ife stage survives, t hen the entrai ned
postlarvae would represent about 71, 000 equivalent adults.

These projections can be compared with the 1982 commercial landings of 2158 Ib
for the west coast of Florida, using an average weight of pigfish of 0.032 Ib
derived from the trawl collections at Crystal River. The number of adults
lost through entrainment is roughly equivalent to the incidental commercial
catch.

Consideration of all unidentified Haemulidae eggs (Tabl e 8.3-2) as pigfish
would add eggs as an entrainable life stage for t he species. This woul d
result i n 40,000 equivalent ad ul ts. While add i ng the uniden t i fi ed
indi vi duals i ncreas es the estimate of e qui va l ent ad ul ts, i t does not change
the conclus ion tha t entrainment e ffec t s are acceptable.

8.3.1. 4 Lagodon r homboides (Pinfish)

Pinfish apparent l y move offshore t o s pawn (Cameron , 1969 ) in November and
December in the Cr ys t al River area (Grimes and Mountain, 1971) . Spawning
begins ear ly i n December and lasts through March (Grimes and Mountain 1971).
Fa ll spawning was reported by Rei d ( 1954) for the Ceda r Key r eg i on. Larvae
migrate inshore to estuarine nursery areas between spring and fall (Kj e l s en
and Johnson 1976; Cameron 1969). Small larvae (lesa than 11 mm) are rarely
found within estuaries, but postlarval stages ( 11-22 mm) do occur i n
nearshore and es t ua r i ne waters. Joseph and Yerger (1956) reported pinfish of
17 mm were first collected in Alligator Harbor in the latter part of May and
were st iLl, common as late as July. Age a fiah move away from the shallows t o
deeper water as cooler temperatures approach (Grimes and Mountain 1971).

Pinfish wer e most abundant i n St. Andrew Bay i n s pring and fall; no
statistically s ignificant differenc e i n numbers of mal es vs females wer e
detected in spr i ng, summer , or fal l (wint er not tested ) ( Pr is t as e t al 1978).
Camer on (1 969) made r eference t o two age classes and presented growth curves
f r om a number of s tudies . Spawning has apparent l y not been obs er ved in
na t ur e, nor have ova or recent ly hatched l ar vae been described ( Schimmel,
1977) .

Ca l dwell (1957) reported t he fecundi t y of pi nfish 8S 90, 000 an d s t ated t ha t
spawning occurs at age 3. There is no information on t he s urvi va l of eggs and
l ar vae of pinf i sh , so a 10 percent s urvi va l was assumed for each lif e stage.
Tabl e 8.3-1 provi des estimates fo r to tal entrainment . The equivalent adul t s
as soci a t ed wi t h the entrainment of pos tlarvae is 37, 000 and of juveni l es is
47 ,000 . Equi va l ent adul t s as s oci a t ed with entrainment repres ent sligh t l y
more t han 1 percent of t he recreat i onal catch for Reg i on 4 (Taylor - Mana tee
Count i es) in 1980 which consist ed of 6,395, 000 individual s.
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8.3.1.5

Silver perch are found in de'eper wat e rs ;jJ'i:r,'l: hn r e 'i n ,wittl.er ,q.:td move inshore to
bays and coastal lagoons in f't(jjt'i.ng 't o fJpmm ( S UDt i<:.c :1.945 ; Springer an d
Woodburn 1960). Hildebr and ,!i!.l.liJ Caol e (l93!l~ r t JJQugh , :found spawning i n
various North Car-ol Lna Teca t .i.c ns :J. ocl udi ng 'ha:d.;ot ,uiC ·es tua-.t:i es , and sounds up
t o 15 miles out to sea . In the Tampa Bay 6:'£tt£." 'Spr i nge:: .~d Wood,burn (l960 )
believed spawning to be i n April and ead .v Hay., JO~2pil and Yerger ( 956 )
conc l uded that silver perch have a long s'?,)wn~g .s-ea a on i n Alligator Har-bor
(northern Florida) since young were taken i n June and September. -Grimes and
Mountain (1971) working i n the Crystal River area reported spawning in the
spring. Ripe individuals and ~ggs were taken at temperatures from 19.40 to
2aoC (Miller 1965; Kuntz 1914 ) . The eggs are pelagic (Welsh and Breder 1923 ;
Kuntz 1914) . Hatching t ime i s temperature dependent ; 40 t o 50 hours at 18 t o
21°C (Wels h and Breder 1923) as compar ed t o 18 hours at higher temperatures

o
(Kunt z 1914) . Larvae have be en taken at tempe r atures between 16.4 and 31.8 C
(Jannke 1971), and juveni l es between 4 . 8 and 32.SoC (Thomas 1971).

Silver perch attain a length of about: 140 rom SL by the end of their f irst year ,
and perhaps gain an add i tional 60 rom during their second year. Sexual
mat ur i t y i s reached after the second year at a length of 150 to 210 rom SL
(Wel s h & Breder 1923; Hildebrand & Schroeder 1928) . Fecundity of a matur e
femal e (140 mm SL) was esti mat ed a t 52,800 eggs (Hildebr and and Schroeder
1928) . According t o Moe and Mart in (1 965), longevit y is s lightly more than 2
years ; however , older fish, i ncluding a 230 rom specimen (a ge VI ), have been
repor t ed (Welsh and Breder 1923) . Eleven f emal es col l ec ted at Cr ys t al <Ri ver
had from 17920 to 147050 eggs per female (average 48140).

silver perch are sexual ly mature at age 2 with specimens as old as age VI
collected. Si lver perch was as sumed to spawn 3 t imes at the average fecundi ty
of 48,140. Eggs were assumed t o have a 50 percen t survivorship i n view of t he
short duration of this life s t age. Ot he r life stages were assumed t o have a
10 percent survival.

The en trai ned prolarvae, postlarvae, and j uvenil es (Tabl e 8.3- 1) a re
equiva l e nt to 2, 6,000 and 600 adults, respectively. Thi s is a very small
f r ac tion (0.19 percent) of the 1980 recreational cat ch for Region 4.

Uni dentifi ed s ci aeni d eg gs and pro1arvae, while a portion may be silver per ch
have been as sumed for conservatism t o be s pot.

8. 3 .l .6 Cynoscion nebul osus (Sp otted seat rout )

Spawni ng season as report ed in va r ious loca tions is as fo llows : Pear son
(1929, in Texas - March to October, with peak in Apr tl and May; Klima and Tabb
( 1959) , in northwes t Fl or ida - l at e April through September, with a peak i n
lat e Hay and early June ; Hof fet ( 1961) i n west Flori da (For t Myer s , Cedar Key , '
Apalachi cola) - Hay t hrough Sept ember , peaking i n summer; Sundararaj and
Suttkus (1 962) , in Loui siana - J ul y and August; Spri nger and Woodburn (1 960)
in Tampa Bay - firs t occurs i n Apri l. Spawning occur s in bays and lagoon s
(Gunt er , 1945) , i n l es s t urbulent port i ons of es t uari es (Tabb 1966) , in ba ys
and lagoons somewhat offshore in water not over 10- 15 feet deep (Pear son
1929) , at night c l os e to shore ( Pears on 1929) , and in es t uar ies well above the
reach of da i l y t ides (Tabb 1966) . J annke ( 1971) i ndi ca t ed that s pawning may
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· occur year round in t he Ev';;'.rg'l td c 9.. Eggs ar,p' ".l 1it1:a1. ~'1 "buoyan t ( Fabl e e t al
1918 ; Pearson 1929) but soon sin (Fa"b1e et .e l 1978 ; "T .i :il;. 1966; Futch 1910 ;
Guest and Gunter 1958 ). The young are us ual1 ha t ched i nshor e , but if ha t ched
offshore they move i nshor e ( Hi l debr and and Cabl e 1934)..

Estimates of fecundity are as follows: Pearson r!929J in Texas specimens:
two nearly ripe seatrout of 48 and 62 em, 427,819 .and 1,118,000 eggs,
r es pective l y ; Tabb ( 1961) i n t he west coas t Flor ida and Texas samples : 15,000
eg gs at 32. 5 cm s t andard length , 150,000 at 44.2 cm, 400, 000 at 50. 0 cm, and
1,100,000 at 62. 5 em. Sundararaj and Suttkus (1 962) in Louisiana reported:
age I, 283 Dm total length, 140,485 eggs (N-B); age II, 376 mm, 354, 325 eggs
( N=9) ; age III, 450 rom, 660,960 eggs (N-a) , and age IV, 504 mm, 1, 144 ,492
eggs (N=3). Miles ( 1950 ) in Texas found , age II, 100,000 eggs; age II I,
300 ,000 eggs, and age IV, 560 , 000 eggs. Moody (1950) in Cedar Key, Florida
reported: 464,000 almost mature eggs in a female of 397 rom. Sundarar aj and
Suttkus (1962 ) also give the percentage of total eggs spawned for each age
group: 1-8.6 percent, 11-24.5 per cent, 111-40.6 percent, and IV-26.8 percent.

'the growth rate of female s pot t ed s ea t r out :i3 greater than for males (Moffet
1961; Tabb 1961; Moody 1950) and the f emal es apparen t ly outlive the males
(Moffet 1961). The s ex r a tio changes t hroughout the l i f es pan (Ta bb 1961).
Males are outnumbered by females nearly 2 t o 1 in t he f i r s t 3 year clas s es .
By the sixth year males may be outnumber ed by as much as to 1 (Klima and Tabb
1959).

Distributions of lengths by gender f or specimens from Laguna Madre, Texas were
presented by Klima and Tabb (1959 ) as were average lengths by age class .
Moffet 0 960 presented mean standard lengths by age class and s ex. Welsh and
Breder (1 923) and Pearson (1929 ) (c i t ed in Moody 1950) presented average
l engt hs by age class for the first six and eight winters, respectively. Futch
(1 910) gr a phed length vs age for a composite of s ix populat ions of spotted
seatrout .

Most of the males die by t he age of 5 or 6 years (Moffe tt 196I) . Fema l e
longevity is es timated at 8 to 9 years (Moffett 1961; Pearson 1929), or
per haps 10 ye ars (Tabb 1961 ). Sunda r ar a j and Sut t kus (1 962) estimate
longevity at 5 yea r s for f ema l es and 3 years for males. Excluding t he f i r s t
year (age group 0), about 90 percent of t he females are evenly distributed
between age groups I and III (Sundararaj and Sut tkus 1962) ; these also
represent the largest spawning classes (Gues t and Gunter 1958 ) .

The onl y l i f e stage of spotted sea t r out i den t if ied i n entrainment s amples at
Crys t a l River was pos tlar vae . Tabl e 8.3-1 provi des the es t i ma t e of 6 .5
milli on fo r t ota l ent r s i nmen t . Util i z i ng an average f ec und i ty fr om
Sunda r araj and Suttku9 (1962) , a 2 year reproductive l ife , and an as s umed 10
percent sur vi va l fo r the egg and lar va l life stages res ulted in an estimated
900 equivalent adults lost . This number of equivalent adults i s a very small
fraction ( 0.05 percent ) of the recreational catch for 1980 for Region 4.

Identified sciaenid eggs and pr ol ar vae , whi le a por tion may be seatrout, have
been assumed to be spot. The allocation of al l unidenttfied organisms i n t his
taxon to one species results in a conservative anal ysis.
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8.3.1.7 Leiostomua xanthurua (Spot)

In the Cedar Key area spawning apparently takea rp 1ace .i.o 'wJ.nt er and early
spring (Reid 1954). Kilby 0950, cited in Rei;t ] 9 5 !~)in d.ic. !l t ed a breeding
season of the January through March for the same 'dr ea . Young were taken in
January and February and were found in shallow vmters, channels, and both deep
and shallow flats (Reid 1954). Adults were present inshore ~os t of the year
but were scarce in mid-winter (Reid 1954; Pristas and Trent 1978). In St.
Andrew Bay, Pristas and Trent (1978) found significantly fe~er males in autumn
and winter (26.3 percent and 35.6 percent males, respectively). Sundaravaj
0960, cited in Thomas 1971) assumed that the majority of spot died before
reaching three years of age. Pacheo 0962, cited in Thomas 1 971) suggested a
mortaility rate of 50 percent af~er the first year for spot in Chesapeake Bay.
Thomas (1971) presented some length-frequency data.

Spot have a fecundity of 70,000 to 90,000 (an average of 80,000 was used for
analysis) and an average life expectency of 3 years. Spot were assumed to
spawn once and have a 10 percent survival rate for early life stages. The
entrainment of spot postlarvae and juveniles (Table 8.3-1) resulted in an
estimated loss of 280,000 and 410,000 equivalent adults, respectively.
Together these represent 20,700 Ibs assuming an average weight equivalent to
that derived from the trawl catch (0.03 lbs). This is approximately
equivalent to the 1982 commercial landings for Citrus-Pasco and Levy
Counties.

All unidentified sciaenid eggs and pro larvae were conservatlvely assumed to
be spot. The unidentified individuals exceeded the identified individuals
and were for earlier life stages • The effect of entrainment of eggs and
prolarvae (Table 8.3-2) results in 27,500 and 360 equivalent adults,
respectively. While this addition increases the estimates of equivalent
adults, due to the conservatism of the analysis, this addition should not
alter entrainment conclusions.

8.3.1.8 Sciaenops ocellatuB (Red drum)

Pearson (1929) indicated, based on the Occurrence of larvae and very young red
drum, that spawning occurs from mid-October to mid-November off the coast of
Texas. Theiling and Loyacano (1976) stated that it is generally accepted that
red drum spawn from September through November. The eggs are buoyant (Vetter
and Hodson 1983; Holt et al 1981a, 1981b) though they will sink at salinities
of less than 25 ppt (Holt et al 1981bj Vetter and Hodson 1983). Spawning
apparently occurs in the Gulf of Mexico near pa8ses leading into tidal marshes
(Pearson 1929; BaS8 and Avault 1975; Holt et a I 1981a; Holt et al 1981b).
Yolksac larvae are negatively buoyant (Holt et a1 1981a). The young move
shoreward to bays and lagoons which are used as nursery areas (Holt et aI,
1981a; Bass and Avau1t, 1975; Pearson, 1929). The young remain inshore until
six months of age in Louisiana (Bass and Avault 1975). They remain inshore
for an indefinite period in Texas (Pearson 1929), while Osburn et a1 (1982)
indicated that essentially non-migrating populations of immature fish (year
classes I-III) are found in the bays. Mature adults are apparently remain
offshore in the Gulf (Pearson, 1929; Simmons and Breuer 1962 cited in Osburn
et al 1982; Yokel 1966 cited in Theiling and Loyacano 1975; Ross et a1 1983).
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Matur i t y does not occ ur un t il at l eas t age IV, p-l:i bably age V ( Pear s on 1929)
at a total length of a t l eas t 75 em. Modal total l engths for the fi rst three
year classes are approximat ely 34, 54, and 64 em, while fish in t he f our t h
yea r class have a mode of proba bly 75 cm; by t he end of the fifth year the
aver age l en gth is 83 to 85 cm (Pears on 1929) . A weight of 10 pounds or more is
at t ained befor e first spawning (Pearson 1929) . Using t wo method s of
calcul a t ion, Pea rson estimat ed f ecundity of about 3,382, 886 to 3, 410, 000 e ggs
f or a f emale 90 em long . Holt et a1 (1981a) s t a t ed that maturi t y i s reached in
3-5 years , with the aver age f emal e producing 1/2 to 2 mi ll i on eggs per season .
Ve t t er and Hodso~ (983) reported one female whi ch spawned i n the lab produced
approximately 10 eggs .

Only red drum pos t l ar vae were identi fi ed from meroplankton collected at
Stations C, 0, or E. Table 8.3-1 provides an estimate of 300,000 for annual
entrainment. An average fecundity of 3,400,000 for one r eproductive period
was used for analysis. A 10 percent survival of eggs and larvae waB assumed.
The entrainment of postlarvae results in the loss of 18 e qui va l ent adults ,
which is an i nsi gn i ficant frac t i on of the 229, 000 r ed dr um r eported in the
r ecr ea t i onal ca tch in 1980-for Regi on 4 .

8 . 3 .1. 9 Mugil cephalus ( St riped mullet)

Al though many authors ha ve r eported that st ri ped mullet s pawn inshor e or
wi t hi n a few miles of the beach, it seems that s pawni ng occurs offshore on the
northwest coast of Florida (Finucane et a1 1978 ; Anderson 1958 c i ted i n
Finnucane 1978; Ar nol d an d Thompson 1958; Broadhead 1953). The eggs are
pelagi c (Finucane e t al 1978) . Accor di ng t o Gunt er (945) spawi ng occurs off
the Texas coas t f rom late October to ea rly J anua r y, peaking in la t e Novembe r
and early December . Moor e (1 974), on the other hand , i ndicated that spawni ng
oc cu r s from December to May of f Por t Aransas, Texas and tha t i ndiv i duals may
s pawn more t han once i n t he same s pawning season. Finucane et al ( 1978) ,
indicated spawn ing occu r s in early wi nt er i n the nor thwes t Gulf of Mexico off
Texas. Fish wi th mature or maturing gonads were mostly found to be three or
more years old (Moor e 1974), Prejuveniles l eave the open ocean and ent er
intertidal es tuarine ar eas (Major 1978) .

Since no l i f e stages were iden t i f ied from meroplankton collections a t
Stations C7 0, or E , there i s no effect of entrainment calculated for the
str i ped mullet popul at i on.

If a l l the Mugillidae noted i n Table 8.3-2 are assumed to be striped mul l e t ,
the en trained life stages woul d be pos r l arvae and juveniles . Assuming a
f ecundi ty of 1.2 million (Fut ch 1966) and a 10 perce nt survival between life
stages, the entrainment of pos t l a r vae and juveniles results in 95 and 5800
equ ival en t adults . This r epres ent s a minor fraction of the over 2.5 million
pounds of stripped mullet landed by commercial fisherman in Citris - Pasco and
Levy Counties in 1982.

8 .3 .1 .10 Penaeus duorarum ( Pink Shrimp)

Pink shrimp s pawn offshore (Costello and Allen 1970; Tabb et al 1972; Williams
1955 in waters of 10-20 fathoms a t temperatures between 19 and 310 C CTabb et
al 1972 ; Eldred et al 1965) at minimal bottom temperatures of 23 .9

0 C
(Wil liams 1965) .
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During spawning, egge ;al:l-: 'Ca h~L £-i: Cl2: {ami ' ci::;:~~T( '£ '.11. ;j ho ;;$t > :'T'~"';t tat:f hour and then
become demersal f or appr.ox i.ma t ieLy 14·· ;1;1) h~.u~s .in- ior 't o ;hllt d -b;ng (Ta bb e t a l
1972) . The hi ghes t s pawn i ng rat e ';la s obs e r ved £ ',,')'Ill Apr:U t o J u l y in Florida
(Tor t ugas area) (Cummings 1961) , '>I OC S pa>1n i!'U; :pr obahJ.y Cl:',Cti r s year round in
the Tortugas grounds (Perez-Farfant e 1969'),. El it,r e d -e r .a) ,(13 fJ ) reported peak
spawning to oc c ur in the Tampa Bay area f r om Ayt"i 1 ,t:b >.n. gh .Se p t ember , with
limi t ed s pawni ng i n February and Dec ember . :Hi gb t em7!::ra t tn e s may suppress
spawning and more o p t i ma l temperatures probably ,;';?-..U'c' k'eeJrA' :Ln spring and fal l
( El dr e d e t a l 1961 ) .

Fecundity estimates from a regression of fecund::!. ~'j and 't~~tal length range from
66 ,000 (l05 mm) to 4 60 , 000 0 8 7 mm) ova for shrimp fr om the Tortugas and
Sanibel fishing grounds (Ma r t o8ub r o t o , 1974). Regress ions on body weight and
ovary weight were also given. Females probabl y spawn more than once during
their lifespan (Cummings 1961; Perez-Farfante 1969 ) , and a small female which
spawns in the spring may spawn again in the fall after a t t a i n i ng a larger size
( Eldr e d et a1 1961). Kutkuhn ( 1962) also indicated semiannual spawning peaks.
Ma tes and fema les may achieve sexual maturity at minimum total lengths of 75
and 85 mm r espectively at 9 or 10 weeks old ( El dr ed et a1 1961). Kutkuhn
(1962) gave an a ge estimate of 15 weeks and 107 mm total length as the age of
recruitment to the Tortugas fishery. He also estimated 83 weeks to be the
maximum lifespan. Juveniles inhabit coastal bays t estuaries, and as they
gr ow, gradually move into deeper water ( Cos t e l l o 6 Allen 1966).

Survival rates of larvae on the Tortugas shelf average 83 percent per day
(Munro et a1 1968). From mark-recovery experiments on the Sanibel and
To rtugas grounds of Florida, Costello and Allen (1966) es timated shrimp
fiShi ng mortal ity for Sanibe l s hrimp to be 6.8 percent f or each 2-week period
and all other l os s es were estimated to be 14.8 percent. For the Tor t ugas ,
fishing mortality was 13.1 percent for each 2-week period and all other
losses were 19.7 percent. The instantaneous rates are: for Sanibel, .0689
f or the fishery and .1644 for all others; for Tort~gas, .1385 for t he fi s he r y
and . 218 5 f or all o the r s. These rates, as t he inves t igat ors pointed out,
c anno t he readily accepted as estimates o f natural mortal ity s ince t he y
i nclud e o t he r l osses such as migrat ion and mortality from marking, handl ing ,
or releasing procedures. Alao, true natural mortality may shi ft with changes
in the fi Sh i ng industry. Iversen (1962) reports the catchability of untagged
shrimp (e .g ., t he ins t antaneous mor t a li t y due to fi shing) from the Tor t u gas
grounds to be . 0 2393 a nd t he i ns t antaneous rate of emi grat i on a nd na t ura l
mor t a l ity ( e .g . , i ns t antaneous mor t a l i t y rat e due to o the r causes) t o be
.05998.

The sex ra tio of males t o femal es i s ab out 1:1 f or inshore popul a tions (Tabb
e t al 1962 ; Eldr ed et a I 1961 ; Sa Loman 1965 ) but varies geographically,
sea sonally, and wi t h s i ze clas s ( Eldr ed et a l 1960. As they mat ure , t he
larger shrimp move offshore; f ema l es attain larger size than males ( I ve r s en
a nd Idyll 1960; Williams 1955 ).

Since no life 8tages o f pi nk s h rimp were ident ified in mero plankton
colle c t i ons a t Stations C, 0, or E, there is no eff ec t of entr ainme nt
calculated fo r the pink s hrimp populat ion.

Assuming t hat a ll Penaeus s p . are pink shrimp, t he ent rai nmen t es t imates f r om
Tab l e 8.3-2 have been us e d t o estimate e qu i va l en t ad ults. An average l ife-
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time f ecund i t y of 200 ,000 was utilized, and 10 percent survival between life
s t a ges was assumed. The eq ui va l ent adults associat ed with mysis, postlarvae,
and juveniles are 22, 18830 , and 10230, respec tively. Utilizing the average
weight from the trawl samples at Crystal River of 0.007 lbs, the equivalent
adults r epresent an insignificant fraction of t he more than one million lbs of
pink s hri mp landed in Citrus-Pas co and Levy Counties in 1982.

8. 3 .1 .11 Callinectes s apidus (Blue crab)

Willi ams (1965) reported t hat blue crabs matur e i n about 14 months and attain
a maximum age of 3 year s . Most s pawn at abo ut age 2 (Williams 1965; Pearson
1945; Churchi ll 1919.) Spawning occurs from late Apr i l (Willi ams 1965) and
mid-May (Pearson 1948) until early or mid-September (Wil liams 1965; Pearson
1948) . Some females produce two sponges (egg maas es Li.n the same summer
(Pearson 1948; Williams 1965). A third sponge may be produced the following
year, at age 3 (Williams 1965; Pearson 1948; Churchill 1919). Will iams
reported the s pawni ng peak to occur in J une. Generally, gravi d females move
offshore where eggs hatch at higher salinit i es (Churchill 1919) . Estimates of
the number of eggs per sponge are given as 700,000 t o two million by Wil l i ams
( 1965), 1,750,000 to 2, 000 , 000 f or a sponge of us ual size by Churchill (1 919),
and up t o 2,000,000 by Davi a (1965) . Of the eggs spawned, Van Engel (1958
cited in Des terling 1976) es timated only about one ten-thousandth of one
percent ( .000001) wi l l survive to become adults. Bas ed on a study spanning 13
gen erations, Pearson (1948) repor t ed the lack of a significant co rre lation
between the abundance of the s pawning stock and the number of offs pring .
Rather , there is a signi f i cant correlation between the volume of water
dis char ged from the J ames and Potomac Rivers during the spawning season wi t h
the index of abundance for t he resulting adul ts . This implies that salinity
may be t he important f actor affecting survival of t he young, at least at the
level of fishing exis ting at t he t i me.

Wil liams (1 965) reported year round sp awning occurs in Texas with peaks in
J une or early July . Nicol s and Keney (1963 , cited i n Futch 1965 ) reported
that spawning occurs primary throughout t he year in Florida wa ter s , but peaks
from May through November . Oester l i ng ( 1976) repor ted that spawning oc cu rs
primarily during the spring and s ummer months, and is generally considered to
occur in areas of higher salinity a t the mouths of estuari es and offshore .
However, unlike r eports for t he ea stern s eaboard, fema l e crabs move, not
offshor e, but nort hward alongs hore to a spawning area . There a ppears to be
one primary spawning ground f or t he Gul f Coast i n the Apalachicola Bay r egi on ,
although spawning does occur all a l ong the co ast. In the St. Johns River,
many if not all females spawn twice ei ther in t he same season or over two
seasons, though few live mor e than one year past maturity (Tagatz 1968). The
maximum age is little more than four years and crab s reach harves table size in
less than one year. Eggs number between one and two million per sponge
(Tagatz 1968), while Futch (1 965) reported that Fl ori da female crabs produce
about t wo million eggs per s ponge.

Only megalops were identified f rom meroplankton collections at Stations C, D,
or E. Table 8.3-1 provides an estimate of 360 ,000 entrained annually . The
survival to megalops was ass umed to be 10 percent and two sponges wer e assumed
during the average life time . Therefore, the 10S8 due to entrainment is about
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2 equivalen t adults . 'TilL" i s ;e :u On ll'l,g:l:,i.'f i cu nt 'r r ttt:t::I'')a of the almost 4
mi llion pounds ·of cO'Clllller ci til L.tLTl rlingJ i n J3 RJ :;! · ~l Ci,!:7'.~~I.t -PaB CO a nd Levy
Counties.

The unidentified Call i ne c tes s p , w'e:.'tI, , !,: i) s 'Jmt: :l :u ' :b i rerrn'ab rdo t e life stages of
blue crab. The mega l ops (Tab l e 8..3 --2) ,':? rtt.1.~inea 'woul d .repr es ent; about 200
additional equivalent adults. :;~hi s ,addi t.ion .doe s :!l( l t' ,~h$1:'g1:! the conclusions
f or blue crab entrainment.

8 .3. 1. 12 Menippe mercenaria (Stone C'c,sb)

I n North Carol ina oviger ous femal es have beer. t (tken from May to Augus t
(Will i ams 1965). Futch (1 966) reported t ha t i n Flodda spawning apparently
oc curs throughout the s pr i ng and summer . Females~ migra te offs ho re to spawn
and are capable of producing six egg maaa ea in 69 days, each containing
500, 000 to one million viable eggs ( lil i ll i ams 1965). The postlarvae migrate
inshore to bays and estuaries.

I n t he Ceda r Key areas, however, i t appears tha t females may remain inshore on
the grass- f l ats to s pawn. Spawning oc curs from March through Octobe r wi th
peaks in June and Se pt ember (Bender 1971) . In the Anelot e a r ea zo ea were
collected f r om March to November wi t h peak densities from July to Sept ember ,
and megalops were collected from May to November , wi th most taken in July (FPC
1977) . Juveniles under 8 mm carapace l ength we re coll eeted in Florida Bay
from October through April indicating an ext ended spawning s eason (Manning
1960). Savage and Sullivan ( 978) r e por ted that s exual ma turity i s reached in
about 10 months . Powel l and Gunter (1 968) report ed a cha nging sex ratio i n
the number of males to females ove r t he year at a j e t t y in t he Port Aransas,
Texas area . The ratios were 4. 28 to 1 f or December-January 1947-1 948, 5. 00 t o
1 for May-June, and 2 .65 to 1 f or July - Augus t.

The equivalent adult estimate for stone crabs ut il ized a f ecundity of 750, 000
and a l i fetime production of 5 egg masses. Total survival was taken from
Porter (960), and a 10 percent survival from the last zoeal stage to megalops
was assumed.

The e quivalent adult es t i ma t e of less than 3,700 Ls mos t Iy t he result of
Stage 1 zoeal entrainment (Table 8.3-1). The equivalent adult estimates are
3297, 6, 15, 6, 5 and 313 for zoeal Stages 1 t o 5 and megal ops , respectively.
This number represents an ins igni.ficant fraction of the a l most 950, 000 lb
l anded in 1982 in Citrus - Pasco and Levy Counti es .

8 .3 . 1. 13 Lolliguncula bev i.s ( Br i e f squid )

Little is known about the ecology of brief s quid in terms of ahort-term and
long- term dis tribution pa tter ns (L aughlin and Livingston 1982). Early li fe
history data is also limited (Vecchione 1982). An eight year s t udy of the

brief s quid ' s spatial aod temporal distribution was conducted in the
Apalachi cola est uary by Laughlin and Li vi ngs t on ( 982) . The most sui t able
ha bi t a t i n the estuary was conc l uded to be channels and/ or passes yith high
c urrent ve loc i t y and salinities of 20- 30 ppt . Small numbers occurred f rom
J anuar y t o April during times of relatively l ow s alinities and temperatures .
Abund ance increased dr amatically in May when mean salini ties wer e
i nt e r medi a t e and water temperatures high (22-2SoC). A similiar s ituation was
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noted in October and November. Whil e migration . ~'I15. tc.: e and offshore is
st rongly correlated with tempe ra t ur e and salinit} ; f b J::tuations within the
estuary were related to abunadnce of zoopl ankt on 1au£h1 i n and Livingston,
1982) . Dragovich and Kelley (1 964) reported tha~ j~ .e n i.Le squid, which
compr i s e most of the squid catches i n estuaries (30! ) f een preferentially on
zooplankton .

Little life history information is available on the 'brilaf squ id . It produces
egg ca psules that may cont ain up to 200 eggs per caps ul e and hundreds of the
capsul es are found i n groups. As s umi ng a life tim£ ~roduction of 500 eggs per
indivi dual , the entrainment estimate (Table 8. 3- 1) r esults i n about 3600
equivalent adu l ts. The brief squ i d was r e presented in low numbers from Apr i l
t o December at many s t a tions . There f ore, t he effect of ent ra inme nt can have
only a minor effec t on the populat i on.

8.3.2 Entra inment Conc l us i ons

The results of the ent r ai nment est i mat es under conservat ive as s umpti ons have
provided the bas i s for equivalent adul t projec tions. Wher e pos s ib l e, t hes e
proj ec t ions have been compar ed t o other forms of population exploi t ation,
such as commerc i a l or spor t f i s hi ng statistics. These analyses for t he SID
demon- s trate that for most s pec i es the entrainment effects represent a small
f r action of present exp loitation. Hydrodynamic modeling indicates tha t the
source for the entrained or ganisms is not limited to the area immediately
surrounding the plant. Therefore, entrainment is expected to have an
acceptable level of exploitation on the SID.
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TABLE 8.3- 1

MAXIMUM ENTRA~NT FOR EACH SID BY LIFESTAGE
ANN UAL NtMBER ENtRAINED IN MILLIONS

Species

Ba y anchovy

Polka-dot batfis h

Pigfi s h

Pinf ish

silvez pe rch

Spotted sea t r out

Spot

Red drum

Blue crab

Stone crab

Brief Squid

Total
Life St a ge Entrainment Station

Eggs 11674 D
Prolarvae 767.8 D
Post larvae 686.6 E
Juveniles 154.6 C

J uvenil es 0.19 E

Pos t l arvae 0.76 C

Post larvae 16.69 E
Juveniles 2.15 E

Pr o l a r vae 0 .08 C
Pos t larvae 21.64 C
Juveniles 0.22 C

Post larvae 6.50 E

Pos t l arvae 12.28 E
J uv enil e s 1.73 E

Post larvae 0.30 C

Megalops 0. 36 D

Sta ge 1 3029.43 E
Stage 2 254.63 E
St a ge 3 52. 01 E
St age 4 14. 84 E
Sta ge 5 0 . 38 C
Megalops 2.35 E

AlL 0. 91 C



Species Name

Anchoa sp.

Haemulidae

Sciaenidae

Mugillidae

Penaeua ap.

Callinectes s p ,

TABLE 8.3-2

MAXIMUM ENTRAINMENT FOR UNI DENTI FIED 5 10 TAXA

Total Annual
Life Entrainment
Sta ge (Millions) S t at ion

Pro larvae 192. 6 E

Post larvae 1088 E

Eggs 433.5 E

Eggs 1102 C

Pr o l a r vae 14 . 63 D

Post larvae 0 . 51 E

Juvenil es 3. 5 E

Mysis 0.22 C

Post larvae 18.83 C

Juveniles 1. 023 E

Megalops 34 .83 E
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9.0 FISHERIES

Samples of juvenile and adult fish were collected by using four different gear
types at various 'locations throughout the study area. The data are intended
to provide information on the local fish community and to support evaluation
of thermal, impingement and entrainment effects on fish populations. As in
the impingement and entrainment evaluations, selected species are emphasized.

The fisheries program included a short-term effort to collect blue and stone
crabs and to tag and recapture blue crabs. These data were intended primarily
to identify patterns of local movement and coastal migration.

9.1 SAMPLING AND LABORATORY ANALYSIS

9.1.1 Sampling Procedures

Fisheries samples ,wer e collected in the vicinity of the Crystal River Power
Station at monthly intervals from June 1983 through May 1984. Several gear
types, including otter trawls, beach seines and a drop net, were used. Open
water otter trawls were collected at night. Tidal creek trawls and all other
fisheries samples were collected during the day. Station locations are shown
in Figure 9.1-1.

A 3.05 meter otter trawl constructed of 3.8 em mesh in the body, 1.3 cm mesh
in the cod end and a 6.5 n:m mesh nylon cod end liner was used for the open
water trawling. Seven samples were collected at each station. The net was
released from a moving boat and dragged along the bottom for 2 minutes (per
haul) •

Duplicate beach seine collections were made at each station using a 22. 9 meter
long by 1.8 meter deep seine constructed of 6.5 n:m mesh. The seine was
deployed in the following manner: an anchor attached to the end of the seine
was placed on the beach. The seine was payed out as the other end was walked
perpendicular to the beach. When approximately three-quarters of the length
of the seine had been deployed, the net was walked in a semicircular
formation. After the distal wing was on the beach, the two ends of the net
were drawn together and the net was hauled onto the beach.

The drop net apparatus conaistedof a portable frame from whic2 a 1.6 IIIl1 mesh
net wag suspended and then remotely triggered to enclose a 16 m water column.
The trigger line was pulled after an acclimation period of approximately 2 hr.
After the net was dropped, the enclosed area was swept five times with a
6.5 lIID mesh seine. This was followed with a series of three sweeps with a
1.0 rom mesh seine. Two replicates were collected on each sampling date.

Four creeks were sampled with a 3.05 meter otter trawl constructed of 3.8 cm
mesh in the body, 1.3 em mesh in the cod end, with a cod end liner of 3.2 rom
mesh nylon. Seven samples were collected at each site. The net was released
from a moving boat, and dragged along the bottom for 2 minutes (per haul).

A blue crab tagging/recapture study was conducted during a 16 week period from
September through December 1983. A total of 120 plastic coated standard wire
mesh crab traps were Bet and retrieved weekly along four transects,
designated A through D, within the study area. Each transect consisted of 30
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individual t t 1:q )s <: :wroclh ' &:£;:t~ ~'tinij ~" ~l-'ttl,t"::t ~' :n lt o s ix gro ups containing five
traps each. Ea ch ·grOJ.!p t2f f .t:.'T:f' ,t: ct<,np; .fth " l'\!; a t ransect waa designated as an
i.ndividual sta t .i ,O!} { Fi gur-t' '9. ,l-'21.-

Each ind ividual cra b n raJ1 .W,tlC $ !tJ t ot. wi t h shad. Traps were retrieved,
emptied , and res et ever y 7 ,ds::7s !; at' ...hieb t.irae all healthy viable blue crabs
were t aggedandrelease5.. To a VDi i.l 'tag '1"'8a due t o molting or death , only
mature healthy female crabs and hea N:Jq ':u<Lr.e crabs l a r ger than 127 n:m ca r a pace
wi d t h were tagged. Tags were f astened to the c a r a pace of the bl ue c r ab wi t h
40 po und t est mone l. The tags were sequentially numbered and cont a ined
informa t ion pert i nen t to how the tag wa s t o be re t urned . The t a g number,
da te , and locati on of ca pt ur e, ca rapace width t o the nearest mil l imeter, sex,
a nd general appearance o f each tagged cra b were recorded . Cr a bs wer e r e l ea s ed
approximately 200 m fr om the point of capture . When previ ou sly t a gged crabs
wer e recaptur ed, t he t ag number , s ex , cara pace width, dat e, t ime, a nd loca tion
of r ecapture we r e recorded and t he crab was t he n releas ed .

In addition t o tagged blue crabs , any atone c rabs (Meni ppe mer cenar i a) which
were captured, as well as any blue crabs which could no t be tagged, we r e
measured for carapace width y sex was noted, and the specimens released.

To supplemen t the number of blue crabs t a gged , all blue c r a bs i mpi nged on t he
t r a ve l l i ng screens during a 24 hr period were collected once weekly during t he
tag gi ng s tudy . The dates and t imes of co l.Lec t i on were des ignated to corres 
pond with the regular i mpi ngemen t sampling schedule. Dur ing this time, a ll
viable blue crabs were placed in a divided water table. At the end of a
mi ni mum 24 hI' holding period, each healthy crab was removed and tagged i n t he
s ame mannerae described previously. All blue crabs, dead or alive, were also
measured for ca r a pace width and total weight for the impingement study. The
t otal number of crabs held, as well as percent mortality, were recorded.
Tagged impinged crabs were then divided randomly into three equal gro ups and
transported to three predete rmined release points within the study area.
These r e l eas e points were designated aa Stations E, F, and G (Figure 9.1-2).

Along wi t h the field work, an extensive public notification program was
i nitiated in cooperation with t he Florida Department of Natural Resour ces
(FDNR). Notices of the tagging project were sent to local licensed conmercial
c r a bbe r s , ba it shops, docks, and proce ss ing ho uses in an a t t empt to enhance
t he numbe r of tag returns. Included in t his no ti fi c a tion was a description of
the study and the tags used, and the anno uncement of a nominal reward for tag
retur ns wi t h desired info rma t i on. FDNR co or di na t ed t he tag returns t o pr ovide
c ons i s t ency wi th their sta t ewide program .

9 . 1 .2 La bor a t or y Anal ysis

All fish and mac r o i nverte brates were i dent i f i ed , count ed , and we ighed by
s pec i es . Identif ications were made u t ilizing standard l iterature s ources a nd
MML' s reference coll ection. Nomenclature of f ishes f ol low ed t ha t es t a bl i s hed
by the Amer ican Fi sheries Society. Taxonomy was bas ed on ext e rna l
cha r ac t e r i s t i cs as given in major t axonomi c keys . A voucher spec i men f or eac h
s pec i es was retained. The i.dentifications of any que s tiona ble speci mens were
verified by externa l t a xonomi c s peci ali s ts . A reference coll ec t i on of all
t a xonomi c a l l y conf i rmed s pec i es ~as main t a i ned .
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In addition to the genera l analyses, s el ec 'r a..h ji~p0r t ant organisms were
examined in detail and analyzed for length-,we~'Y; ll t. relationships, overt
parasites, and disease. Additionally, certain f:l p~d':'3 were analyzed for s ex,
reproductive condition, fecundity, and age ass'h'JW'C i n Table 9.1-1.

Twenty-five individuals from each of the ni-ne. .s"i l e c t ed important species
obtained by beach seining and trawling i n each :!,,;cpe r i men t a l (north of the
intake canal) or control (south of the cana l') : l!l l~ a during each month were
examined for obvious i ns t anc es of paras itism au d d isease. External sexual
characteristics were noted. Each species was also sexed int e r na l l y , thei r
stages of maturity recorded, and their reproductive condition examined. The
latter was reported following standard classifications: immature, mature,
ripe/gravid, or spent. Fecundity of ripe or gravid fish was determined by the
gravimetric method. Age was determined us ing otoliths or scares for f i s h
species subj ected to fecundity analyses. Analys es were performed for each
month of the study. Sex and reproductive state (e.g., gravid, egg-bearing) of
important macroinvertebrates were recorded whe re possible.
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TABLE 9.1-1

DETAILED STUDIES OF SELECTED IMPORTANT ORGANISMS

Reproduc t Lve Length-
Species Sex condition Fecundity Age Width

Polka- do t batEish X X X

Pigfi s h X X X X X

Pinf i s h X X X X X

Sil ver pe r ch X X X X X

Spo t t ed s ea t r o ut X X X X X

Spot X X X X X

Red drWl X X X X X

S t r i ped mullet X X X X X

Bny anchovy X X X X- X

Bl ue crab X X

S tone crab X X

Pink shrimp X

Diaeas e and
Parasites

X

X

X

X

X

x

x

x

x
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9.2 RESULTS

Fish and invertebra t e numbe'r s and b Lcmasa have b een 'p:"ovi ded i n quarterly
reports by gear type, month, and station. Sumnary t a bles for SIO are provided
in Appendix VII. In general, numbers were small, a l >t hcfugh occasi onal large
collections did occur. As a result, one or two samples have a large effect on
total values. Quantitative analyses which can be performed are limited. The
following sections report the results of fisheries sampling by gear type.

9.2.1 Trawl

The trawls captured a total of 98 species of fish and 108 species of inverte
brates. The total catch of f ish varied seasonally with lowes t numbers in
January and February ( s ee Figure 9.2-1). The peak number at any one stat ion
occ ur r ed in May ( sea t i on T9), but s imilarly high dens i t i es occur red in April,
June, July, and August (Ta bl e 9.2-1). Highest dens i t i es a t all stations
oc c ur r ed i n late s pring and sumner (May, August, September, ' J une ) .
Invertebrate dens ities followed a s i mi l ar seasonal pattern a lthough l ow
dens i ties found in December and January con t i nued through June, and then
increased to a peak i n July and August.

Fish bicmass followed the same genara l s eaaona I pattern seen in the density
data (see Figure 9'.2-2). Invertebrate biomass was lowest from December
through February, however, peak values occurred from March through May rather
than i n sumner.

The variability i n the data associa t ed '-<li t h c a pturiug a s chool of fis h c an
efffectively mask patterns of distribution. For exampl e, trawling i n Apri l at
Station T4 yielded 50 2 spot which was 91 percent of the catch a t the stati on
and 38 percent o f t he c a t ch at al l stations. At the same t ime , some general
patterns do appear consis t ent 1y f rom month to month. Comparisons among tra n
sec ts (nor t he rn , '1'1-3, central, '1'4-6 , southern , '1'7 - 9) indicate the lowest
de ns i ti es of both fish and invertebrates al ong t he central transect (s ee
Tables 9.2-2 and 3). The transects to the north and south had s imilar numbers
overall. Highest numbers of fish were collected to the north in 1983 and to
the south in 1984. Numbers of invertebrates were consistently higher to the
south. Fish biomass was h ighest to the south except in the fall. Bas ed on
average fish weights , t he larger fish were collected along the central or
southern transects.

Within t ransects , dis t r ibut i ona l trends vary from month t o mon t h, but to the
nor t h, St ations '1'1 or '1'2 generally had t he highes t numbe r s and T3 the lowest .
On t he centr a l tra ns ect, t he va ri at i on was s imi lar with high es t densities
i nshor e a t Stati on '1'4 a nd lowes t off s hore at St a tion T6 . To the south, the
offshore station ('1'9 ) f requently had the h ighe s t numbers and the central
station ( T8) had the l owest.

Divers ity (Shannon-Weaver) evenne ss (after Pielou 1975 ) and richness (number
of speci es) were calculated for each trawl station in each sampling month. A
sUlm1lary table is included in Appendix VII (Table VU-23). Comparing across
trans ects, richness was often lower along the central trans ect and was
consi der a bl y higher a long t he southern transect i n 1984. Evenness was
s ligh t ly hi gher on t he central t ransect in the winter a nd spring . Divers i t y
was general ly simi l ar on all three transects. Duri ng 1983 , diversi ty withi n
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transects i ncrea s ed •...Ltth rlfr3 t'dl~CU; ';'.f. ·. ith)r~ ;:t'1:"-U"b t.ne ~l~ur th a nd cent r a l
transects. Evenne aa .zad r i:.: ,-~eg F . ' l lol t: :ala 5tls '~ cl c.'\f f ;,;'hor e., .A'l-ung the southe rn
transect, d i.ve rs icy was 'highe s t :i:ns.: ~' e um c.i .l .'Ap ro ~j geL, :e.!, which time the
offshore station was mn• .!:. ,div~,t:!l ,r~ "" ' tH·e n . ~~oq " i~ll :b :e q"'t!t\t :"l;r. " ii gheat at T8 and
richness was highest ta t '17 '::1, ':1: ~

In addition to evaluating popU);:c j ·Ci4 p!.'........c: roe te.r,.j J.f'2X 't:J ..~ J: GJ~: a , total density
and biomass, the data for eacb STO ..re r e ·i:' ''!'T. I~;?pj; v ":-a e Appendix VII ,
Tables VII-l to 22). Several s pec i es were .t;:£:pt u.r e..:l ~-:!. very l ow numbers
precluding detailed evaluation of t h ei r distri p · ti ou8 ; es e included squid ,
stone crab, and po lka-dot batHs h. Blue crab occurred in low numbers but
peaked in April and May; they were most consi atently found at T1 and T2.
Spotted seatrout numbers were also low, peaked i n May and concentrated at 1 1-3
and IS. Bay anchovy were r a rely collected in trawls; numbers peaked in the
summer with most anchovies t a ken at Stations T1-4.

Other SIO were collected 'in greater numbers. Spot was present 'throughout the
year with highest numbers i n spring and summer at Stations Tl -4 . Based on
biomass values, the smaller specimens were i nshor e at Station Tl and T4 and
the l ar ge s t spot were at Stat ion T3. Pigfish were c o ll ec t ed primarily in
spri ng and summer, but their concentration was t o the south. Pinf ish occurre d
at about the same time, and they were also collected primarily at the s o uthern
stations . Moderate numbers of pinfish were also t aken at Stations Tl and I2 .

Silver perch were most common in summer and f a l l with the highest densit ies
inshore at Stations Tl, T2, a nd T7. Based on average weight comparisons, the
smaller specimens were found at these stations. Pink shrimp were taken
throughout the program with highest dens i, t ies occurring in the sUlIJI1er .
Numbe r s were h igher inshore at tha t t ime but showed c onside r a ble var iation at
o t he r times.

9 .2 .2 Se ine

Seine collections yielded 49 species of fish and 15 species of i nve r t e br a t es.
Figure 9.2-1 provides a summary by month of the total number of fish
collected. In general, the seines sampled a limited number of species, and o f
the species c oll ec t ed, many occurred in small numbers. I nve r t e br a t es were
rare except at Station 51 in February when severa l spec ies of s hrimp common in
grassbed habit ats were coll ec t e d (s e e Table 9. 2- 1) . Fish ca ptured in l arge
numbers wer e usually juvenil e s of schooling speci es. Large numbe r s we r e t aken
in March at St ation 51 ( c l upe i ds , spot) and S2 (cIupei.ds ) , in February a t
Stati on 51 ( s po t ) , and in Sept ember a t Station 52 ( ba y anchovy) . Exclud ing
these particularly large cat ch es, lowe s t densities occ ur r ed from November
thro ugh April a nd the hi gh es t in June a nd July . No c lear patt e rn of
distribution emerged. St a t i on 52 did have the towest dens i t y and bi omass s ee n
at the site in any given month over half of the time, but values at other
stations were rarely much higher. The highest density per sampling dat e
occurs mos t frequently at Station 51 .

Diversi ty, evenness, and richness (s ee Append i x VII, Table VI I-46 ) we r e very
variable, both across stati ons a nd month to nont.h . Dive rsity r emained
relat ively high a t 54 and t ended to be highest a t Sta t i on 51 or 54. Lowest
values in winte r were at St a tion 52 . Richness was high est in win t e r at
Station 54 and in spring at Sta t i on 51.
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S10 information from seine s is veryli nh it ed ' ( Ta'til e~ ' VU -24 t o 45) . Stone
crab, pink shr imp , red drum, and pigfis h 'we r e c':l.11er:teU only on one date.
Silver perch were collected twice. Smar t numbaru .of ba r-fi s h were collected
over 5 months; all but one occ urred a t St ation S1. Low .n·!'lI1he r s of blue cr abs
were found a t a l l stat ions ove r 8 month3 ~

Spot were collected mostly in February and Marc'h -'3.t h highest numbers at
Stati on S1. Pi nfish were a l s o collected in hi gheet number s in February and
March at Station 51. Bay anchovy were collected in all months except January,
February, and April . The station at whi ch the maximum density occurred varied
over t ime but was most often 52. Striped mullet occur r ed i n varying numbers,
mostly from August through February. Only four specimens were col l ec t ed at
Station 52.

9 .2 .3 Dr o p Net

Drop net s sampl e primar ily small, shallow wa t er inhabitants and species which
move into shallow areas with the t ide. Drop net collections cont a i ned 42
species of f is hand 24 speci es of i nve r t ebr a t es . Numbers of or gani sms were
generally low and variable (see Figur e 9.2-1). Highest numbers were
collec ted in February, November , October, and September (s ee Tabl e 9.2-1) .
Lowest numbe rs occur red in December and J anuary . The number of fish c aught at
Station 01 generally exceeded the number at Station 02, except in June,
August , J anuar y , and December. Fish biomass was al s o usually higher at
Station D1; except ions were i n July, April, and March when biomass was greater
at Station 02. I n contrast, more i nvertebrates were cons istently taken at 02.
Biomass of invertebrates was also general ly higher at Stat ion 02.

Di versity at drop net s t ations was highest a t 02 in 10 of 12 mont hs
(Table VII -67). Diversi ty was lower at Station 01 in the spring despite
higher richness. Evenness was correspondingly lowe r. Ri chness was generally
higher at 02.

Selected species were uncommon in drop net col l ec t i ons (see Tables VII-47 to
66). Seatrout and bay anchovy were taken onl y at Station 01. Mullet,
batfish , and silver perch wer e coll ec t ed onl y at St a tion 02. Of the epec i es
collected at bot h stations, spot occurred in larger numbers at Station 01 and
pigfish and pi nk s hrimp were mostly a t Stat ion 02. Pinfish and blue c r a bs
were about evenly dis t ribu t ed.

9.2.4 Cree k Trawl

Given the locat ions and conditions sampled, this gear sampled organisms
moving i n and out of the creeks on a relatively high t ide. Forty-three
species of f ish and 27 species of inver t ebr a t es were col lected. J uven i l e fish
predominated. The l ar ges t numbers of fis h were co llected from J anuary t hrough
May with the peak in March (s ee Figure 9. ~ - l) . Inver t ebr a t e numbers were
highest from November through March (Ta bl e 9 .2-1 ). Fish biomass was highest
in the spring; a secondary peak occurred in November.

Fish densities tended to be l owest at Stati on TC4 and at Station TCI. Peak
dens i t i es tended to be a t Stat ion TC 2. The s am e pattern was observed f or the
inver t ebr at es coll ec ted .
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Diversity in creek. ·t:r 4v l , t. :mIph~:~ ' .1418 .ei1!tOO't: r..l ·....~yLl .b.l in!it: ; i'l C TC4 or TCI and
l ov es t at Te2 (see Tahle vn-sst . .Evettn!~u ~t; :::~derl tt:"U :hy ~lo'l;l'ed t at TC2 or TC3.
B.ichneas i nc r ea s ed at 'IC2 i n ~ t~he f al l "aM JZLr.t y 'wi n t e.' -j ::i;r~ · t',h~ spring, h i ghest
richness was at TC1 or Te2 .

Mullet, spotted e ea t rout ,pig'il:sh , ; !ina rh~r ;,..:.r:.:lv:'?tY i1er~ <col l ec t ed i n sma ll
numbers (see Tables VII-68 to 8.5). Silve.r ;p.R:f'cb -,mH.">! ge ne r a lly rare but a
large number were collected i n May at 'Y~At~v '!C l~ Pi~ ;ahrUnp were taken at
all .a t a t i o tUJ over all months wit'h tbl'!i largest nUUtbera collected at
Station TCl. Blue crabs sbowed similar aeasonal and spatial patterns;
numbers were slightly higher at Tel. Spot vere collected in only 5 months but
in relatively high numbers. Peak. numbers were inPebruary and March at
Stations Tel and Te2. Pinfish W&8 the moat commonly collected S10 with
highest numbers from February through May, at ·St a t i on TC2. These peak values
were made up of small fish which began to appear in January. Average weight
cont inued to increase through Hay.

9.2.5 Crab Traps

During the 4 months of trapping, 7294 blue crabs and 6251 stone crabs were
captured (Table 9.2-4). Of the blue crabs, 6123 vere collected in crab trapd,
tagged, and released. An additional 220 crab. were Unpinged, tagged, and
relea8ed . These reIJul ts and subsequent analyses ut i lize collection data
without eorre<:tiOl1 for Catch Per Unit Effort (CPUE). CPUE by station and week
of sampling wa. reviewed and evaluated statistically, but the resul t a and
conclwtiona described below and displayed in subsequent tables were
unchanged.

Only about 17 percent of the blue crab captures occurred i n September and
October . At the ....tim., 43 percent of the .tone c r a bs vere caught
( Ta bl e 9 .2.-5 ) . In general , blue c r a be wer e captured i n l ar ger numbe r s i ns hor e
on all four transects . I n September and Oc t obe r , Stations AI , Bl , C1 , D1 , and
D2. accounted for about 73 percent of the catch. Numbers generally decreased
at atatiotUJ toward the off. hare .nd of each tratulect. Stone crabs were
concentrated toward the offshore end and center of the transects. Densities
along Transect B vere somewhat more hanogeneowt in having comparable ntmlbers
of stonl! erabs at Bl-3 and B6, but: the largest nwbera were at: 1S4 and B5.

In November and December, .tone cr a bs maintained the pattern of larges t
numbers offshore and i n the center of the transects (see Table 9.2-6). Blue
crabs con tinued t o be caugh t in lar ge numbers a t the ins ho r e s tations, bu t

Uni lar numbers vere t aken at the £i ra t f our stat ions on each transec t
i ndicating an inc r ease in densi ties 4-7 1acIIJ offs hore.

Highest numbers of b lue crabs vere t r apped a t Traneect D throughout the s t udy.
Transec t A yielded the next highes t number . Transects Band C had similar
numbers , with B yielding slightly more over all. Stone crabs were most
abundant at Transect B and least abundant at Transect D.

Data from czab t t' a pa wara also evalua t ed i n terms of sex and cara pac e size.
Overall, stone crab. were 65 percent males , the percentage lower in Nov ember
and Dec ember (6 1 perc ent) compared t o. Sep tember and Oct obe r (70 per cen t ) ( s e e
Tables 9 .2-7 to 9.2-10). 'The distribution a long a transect i s similar fo r
bot h sexes; male atone crab4 were collected in higher numbers along
Tr ansects A a nd B while fl!'.ll1ales were l east dense on Transec t A. At almo!!t a.ll
s tations , fl!'.ll1ales were ~aller than males .

9-7



The blue crabs co l lect ed wer e abou t 74 pe r ce nt females . In September and
October , however, only about 48 perce nt were fema l es. The population in Novembe r
and December was about 79 percent female s . Both males and females were most
dense i ns hor e i n September and Octob er . Later, t he males con t ined t o be mos t
dense inshore while femal es occurr ed i n large r numbers toward the center of th e
transects. Highest numbers of both mal es and females were at Transect D, lowest
numbers were at Transects Band C. Female blue crabs were generally larger than
males, but no pattern of distribut ion based on size was apparent .

Immature blue crabs were not collected in September but then appeared in
increasing numbers through December. They made up less than 4 percent of the
catch. Parasitized specimens were also taken in increas ing numbers each month
and represented 3 percent of the blue crabs collected . Paras itized specimens
averaged 110 .5 mm .

A total of 3422 tagged b lue crabs were recaptured. One hundred th irty-th r ee
crabs were r ecaptured i ni t i a l l y by MML ; of these, 68 were r ecaptured more th an
once. Mos t of these mult i p l e capture s involve only a second recapt~re al t hough
one crab was taken f our t imes . The numbe r of crabs recaptured represent e d 54
percent of the tagged c r a bs ; 96 percent of the recaptures were from f ishermen
while 4 percent were taken by MML cr ab traps. Of all the recaptures, about 67
percent came from Crystal Bay. Of t he Crystal Bay recaptures, about 79 percent
were females.

Numbers of crabs recaptured in Crystal Bay are shown by release locatron i n Table
9.2-11. The table recorda multiple r ecaptures in terms of both the original
release station and the secondary r elease po int f or each recapture. The
recapture l ocation numbers r e fer to gr id element s as s hown in Figure 9.2-3 . For
recaptures reported by f ishermen, locat i ons are approximated based on i n format i on
reported with the tag return, conve r s a t i ons with fishermen, and field
observat ions . Data on recaptures are a lso pre s ent ed by sex. ( Ta b l e s 9.2-12 and
9.2-13) but males are re latively few i n number and the pattern of recaptures is
8 imilar for both sexes. Thus results are discussed in terms of total numbers.
Comparing recaptures by transects provide s the best indication of local
north-south movement. Crabs released on Transect A are recaptured primar ily on
Transect A (39 percent) or Transect B (44 percent) . Recaptures after release on
Transect B were mostly <71 percent) on Transect B, recaptures from Trans ect C
were either on Transect C (38 percent) or Transect D (54 percent), and thos e from
Trans ect D were recaptured along Transect D (80 percent). The latter value is
b iased by the lack o f traps further north. The data do i ndica te a movement of
c r abs to t he north fr om all transects but part i cu lar l y fr om A and C with more
limi t ed n umbers released on Transect B being r ecaptured on C or D. There i s a l s o
some moveme nt to the s ou t h from Trans e c t s B, C, and D.

With i n each transect, t her e was some east-west moveme nt indic a t e d . Crabs
released at inshore stat ions , e.g., Al, BI, B2. Dl , and D2, were often f ound
further offshore. Crabs released a t ce nt r a l stations, e.g., A4. B4, D3, and D4,
tended to be recaptur ed inshore.

In Table 9.2-14, the release and recapture data is presented in terms of the
average time between the two events in order to consider rate of movement. The
times are h ighly variable, and t he variation in number of crabs recaptured
requires ca r e f u l interpretat i on. For c r abs released at a point on a given
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transect, recaptures .occur lj1OC'e ,qti j,c! il:J:] on :: h~ ....ne 'i:n ;t:s ec t than on o ther
t rans ects' . On Tra ns ec t A, ·r e ca pt:l.l r elS .cn ':l' r a Wl eCCg >C < ~l. D -oc c ur over t he same
range of average t im es u 't e,c e pt.ur l:l on l -ranaect :8. It is poss ible , us ing
weighted averages for reca:ptA·.lr es ,0 1.\ :Lhe f"' ur trai'J.8~cts , to define the time
from release along Tra ns ec t A ·U'l'X t •..i:'i '. r e t:.°s.p t ure u i~crea8ing with d i.s t anc a
north: Transect A (22 . 5 4il~:1.t 'I:zS1".iJ?,ect Ji ( 29 . 1 days), Transect C
04.1 days ), and Transec t ,D f3~. ,B 'idt.;''Y6 ) .

In addition to recaptures in Cr1st~l Bay, re~&ptures wer e recorded north and
south. Table 9.2-15 providea a I tmnary of the numbeu of craba recaptured a t
various loc.tions. The aouthern .ection of Crystal Bay .1Lc co un t e d for only 0. 5
percent of the recaptures. About 27 percent of t he total recaptures vere from
Waccasassa Bay and Less than 6 percent frOCl further north • As would be
expected, relea.ell from northern transecta in Crystal Bay accounted for
higher nUtxlbera of recaptures to the north. Recapturea to the south came
most ly from Transects A .and B. Kales accounted for all but one of the crabs
recaptured to the south , but only about 5 percent of the crabs moving north .

Average time between re leaae and re~apture i . provided i n Table 9.2-16. In
general, crab, were recaptured IDOst quickly i n Cr ys t Al Bay with the time span
i ocr e u i og with distance f rom Cryatal Ba y . Kax:i.:J:Qum times occurred with c rabs
recaptured near Apal.achicola River (a bo u t 225 k:m mi) . Crabs recaptured to the
south (10 kin) had unexpectedly high times, similar to times seen about 200 km
northwest.

Over 900 crabs were recaptured in W'acca.astla Bay. A comparison was made of
recapture times in Waccasa.sa Bay and releale stations along Transect. B and
C. For each comparably l oca t ed station, the time to recapture i . less from
Transect B t han Transect C.. COClparing Transect. D and B, three of the
c ompa r a ble atations on B have .horter times unt i l recapture in Waccasassa Bay .
Cr a bs from "tranaect A take l onger than crab. from B but sometimes mor e and
.ometimes l u ' time than cra bs frena C andO. CCDparing weighted average t imes
by transect i nd i c a t ea t he ahorte.t r ec a p t ur e time f r om Tra ns e c t B (43 .8 days )
and the longest time from Transect C (52 d.ys ). The average time from
Transec t D ( 45 days) i ••im i lar to that frcm Transect B but lower than from
Transect A (49.7 days) .

9. 2 . 6 Special Studies o f SID

Evidence of di. eas e or pa r a sitism vas encountered in only two species.
Fift y-s e ven batfis h , a ll wi t h an i nt e.tinal nemat ode, were collected a nd

acc u linid parasi t es were found on 76 b l ue crab. of 422 coll ected. All but
one batfiah was frQljl trawl collections, the largest nunbar occurred at
Stat i on T7, a nd paras i t i zed f i s h vere t a ke n in 10 of the 12 collec tions.
Almost 72 percent of the parasitized batfish vere collected i n the co n t r ol
area . All but two of the blue c r a bs re ported were also from trawl
collections, the largest number were taken at Station T9, and they occurred in
all mooth. with higher nUtxlbers in April and May. In other gear, only 2 of 115
c r a bs were paraaieiz;ed . I n the trawls , a signi f i cantly greater percentage of
para ait i zed cra bs occurred i n t he thermal &rea ( 56 percen t ) compared to the
control area (44 per cen t,) . Thill pattern \I&a reversed only i n the spring
( con t r o l , 63 percent; thermal, 37 percent).
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Gravid femal es of only three species were coll ected and analyzed; all were
less than 1 year old . Three pigfish were collected in March 1984 at
Stations T7 and T9. Fecundity ranged from 17302 to 28160 (average 21660) eggs
per female. Nine bay anchovies were found to have 1173 to 4387 (average 2290)
eggs per female. One specimen was taken in June 1983 at Station T4, three
were collected in Mar ch 1984 at Stations T1 and T2, and the remainder were at
Stat ions T7 and T8 in April. Eleven s ilver perch ranged from 11920-14 7050
(average 48140) eggs per female. All were collected in March at Stations T1
and T4 or in April at Stations T1, T4, Ta. Whil e the numbers involved are too
small to warrant quanti t at i ve anal ys i.s , it can be noted that the March
occurrence of silver perch and bay anchovy was at stations closest to the
thermal discharge .

The SIO collected for spec ial stud i es were analyzed for several o t her
parameters to i dentif y possible differences between t hermal and con t r ol
areas . For t hes e ana l yses, t herma l stat i ons were defi ned as Tl, TZ, T4 , S2,
53, D1, TC I , a nd TC2. Th es e were compared t o fish co llected at Stations T7,
ra, 19, 54, D2, TC3, and TC4.

Each SID was evaluated by age c l a ss in each mont h of t he s tudy . The numbe r o f
specimens was generally small a nd variable. Bay anchovy were all fi r s t year
f i s h. I n all months when t he y wer e found onl y in one area (July, September,
November, J a nuar y, February ), the fish were in the the rmal a r ea . I n Mar ch and
April higher numbers occurred at control stations while in May, August, and
October, numbers were higher at thermal stations. Pigfish were 0-3 year
classes; older fish were generally found at the control stations. Young
of-the-year were also most cO'll:ll1only at control stations.

pinfish were of the 0 or 1 yea r class es. Numbers of young fish were highe s t
at control s t a ti ons except in early s ttrm:le r when comparable numbers were
coll ected i n bo t h areas. Ol der spec imens were more consaon at contro l
stations. Silver perch were 0, 1 , or 2 year classes; yo ung fish occurred i n
higher numbers at the thermal stations t hr oughout the year. Spotted seatrout
were 0, 1, or 3 year classes but fish for which age was determined were too
uncoamon to consider distribution. One spot was in its second year; all
ot hers were young- of- t he - year. Numbers were either e qua l in bo th areas
( November, Fe bruary, March , Apr il, May ) o r h igher at t hermal stations . Mulle t
were 0, 1, or 2 yea r cl as s es , but genera l l y occur r ed in low numbers in one
a r ea or the other. Only two r ed drum wer e co l lec t ed ; both were age 1.

Sex

Each SID for which sex was determined was considered in terms of total numbers
at t hermal or at control stati ons . Results are shown in Table 9.2-17. The
r a tio o f femal es to males was hi ghe r in the thermal area compared to the
co nt rol a r ea f or bay a nchovy, batfi sh , s ilver perch , and pink shr i mp. The
r a t i o va a l ower for pi gfi a h , pi nfis h , s ea trout , mull et, a nd b l ue cra b .

Re produc t ive Condi t ion

The r e pr oduc t i ve cond it ion of specimens analyzed for each SID was cons idered
in terms of t ot a l number s in con t r ol a nd thermal areas. Most species were
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ei the r not collected i n comparabl e c ond i tions i n both areas or were collected
i n s i mi l a r numbers in both areas. Immature s pe c i mens f o und i n l a r ger numbe r s
a t t he rmal sta t i ons i ncluded bay anchovy , si l ve r perch, s po t t ed s eatrout ,
s pot , pi nk s hrimp , and bl ue crabs. I rnna ture batfish, pi g fi s h, and pi n fis h
were mor e common in control are a s. Numbers o f mat ure pinfish were highe r in
the con t rol area . Mature bay a nchovi es had h i ghe r numbers in the the rma l
a rea .

Onl y bay a nchovi es, pigf ish, pinfi s h , and silver perch were f ound a n
s i gni ficant numbers for any condi tion o t her t han Iamat ure , More mature silver
perch tended to be collected in the thermal area; pinfish a nd pigfish were the
reverse. Anchovies i n all conditions were either in s im i lar numbers in both
areas or in higher numbers in the thermal area.

Length-Weight

The length-weight and c ond i t i on i nde x data were availabl e i n sufficient
a bunda nc e f or analysis of six species: bay anchovy, ba t f i s h , pi gfi.sh ,
pinfish, silver perch, and spot. The analysis e xami ned differences in length
weight and conditi on factor by sex, season, and location ( the rma l VB control ).
The analysis i s a regressi on of log of weight on log o f lengt h usi ng one of t he
a bo ve factors as a cova ri a t e .

The a naL ye i s of t he eff ect o f sex on the lengt h- we i ght r e lat i ons hip ind i cated
that signi f icant diffe r ences existed only f or s i lver per ch. Silver perc h
females have a gr e a t e r rate o f i nc r e a s e in weight by l engt h (slope) t han mal e
s ilve r perch.

I n t he ana lys i s o f t he e f f ec t s o f s eason on t he length-weight re l a tions h i p a
se pa r a t e seasonal a nalysis was condu c t ed for each sex f or silve r perch and for
al l s pecimen s of t he other f ive spec ies. Theae t e s t s revealed d i ff e r e nces in
l og weight va log l en gt h slopes for four s pe c i es , For bay anchovy , the fa l l
and spring spec imens had a lower slope t ha n summer and winter co ll ec t ed
specimens. Mean s ize also differs with se as on with the smaller specimens
being collected in the summer. Swmner co ll ected pinfish were large in s ize
and had a weight-length slope greater than all other seasons. Fall collected
pinfish were al s o large in size and had si gn i f i ca n t l y greater slope than
winter and spring c oll e c t ed specimens. Sil ve r perch fema l es we re signifi
ca nt l y smaller i n the s umm er , but the large r spring s pecimens had a lower
weigh t -len g t h s l ope than s pe c i me ns c ol lected at othe r t i mes of the year. Spo t
collected in t he spring, while moderate in si ze , had wei ght-length slope
signi fic an tly greater than s pecimens collected a t o ther times of the year .

In the a na l ys is of the eff ec t s of thermal vs control areas, four species
displayed sign ifi c a n t di ff e r en ces . In spring a nd fall, bay ancho vy i n the
thermal are a had a sign i fica ntly l owe r weight-lengt h slope than t hos e
coll ect e d i n t he control area. Spot coll ected in stmmer , f all, and win ter
showed t he same pat tern, bu t signifi ca nt l y l a r ge r spec i mens wer e collec ted in
t he thermal area . Female s i lver perch collected i n a umaer , fall , and wi nte r
in the t hermal area had a s igni fi c a nt l y grea t e r weight-length slope t ha n
s pe c i me ns co llected in t he cont r ol a rea . Pigfish s howed the same patte rn a nd
were significantly small er i n s i ze in t he thermal ar ea.
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TABLE 9.2 - 1

FISHERIES SAMPLING DATA
NUMBERS -OF FISH (F) AND INVERTEBRATES 0 )

Sampli ng Gear
Trawl Seine Creek Trawl Drop Net

Mont h F I F I F r F I

J une 1742 625 1342 4 190 379
Jul y 12 77 2005 1084 444 172 151 501
August 2130 1834 559 13 334 129 42 79
September 1912 989 2047 1 314 11 7 410
October 1004 455 576 3 233 79 449 122
November 679 392 108 3 555 354 533 1021
December 554 269 36 26 80 807 28 292
January 121 605 67 2 788 2865 40 42
February 435 855 2898 147 1644 889 1418 6
March 1033 890 9846 7 3575 386 76 1
April 1304 774 75 13 636 125 136
May 2448 44 9 1028 10 1489 326 56



TABLE 9.2-2

NUMBER OF FISH COLLECTED BY TRAWL

Month
Location J J A .S 0 N D J F M A M

Northern Transect:

Tl 540 375 362 369 83 60 74 8 96 335 96 318
T2 327 226 475 377 201 139 112 25 52 41 68 311
TJ 62 121 139 191 86 109 17 7 ...11 24 33 280

Transect Total 929 722 976 937 370 308 203 40 173 400 197 909 6164

Central Transec t:

T4 82 28 67 197 105 92 169 15 25 40 551 103
T5 49 61 158 144 59 29 58 8 13 23 20 154
T6 19 24 68 41 26 21 24 6 18 19 37 107

Transect Total 150 113 293 382 190 142 251 29 56 82 608 364 2660

Southern Transect:

T7 145 97 215 155 III 99 12 17 89 152 358 249
T8 46 31 231 49 140 59 72 16 56 64 61 156
T9 472 314 415 389 193 71 16 19 61 335 80 770

Transect Total 663 442 861 593 444 229 100 52 206 551 499 1175 581 5



TABLE 9.2 -3

NUMBER OF INVERTEBRATES COLLECTED BY TRAWL

Month
Location J J A S 0 N D J F M A M

Northern Transect:

T1 72 489 217 166 25 30 31 45 127 50 36 36
T2 88 186 264 85 28 24 18 73 92 129 132 74
T3 40 409 120 40 28 16 13 28 41 89 79 48

Trans ec t Tot al 200 1084 601 291 81 70 62 146 260 268 247 158 3468

Cent r a l Transect:

T4 30 214 108 75 39 28 4 4 20 92 102 20
T5 47 164 73 25 23 15 25 17 27 26 41 42
T6 13 99 76 30 29 16 33 22 27 13 22 12

f r ans ec t Total 90 477 257 130 91 59 62 43 4 131 165 74 1653

,outhern Transect:

T7 77 165 248 145 86 137 13 83 249 216 204 45
T8 40 41 218 56 67 19 56 99 92 69 54 25
T9 218 238 510 367 130 101 76 234 180 206 104 147

: ra ns ec e Total 335 444 976 568 283 263 145 416 521 491 362 217 5021



TABLE 9 .2 -4

NUMBER AND AVERAGE WIDTH OF CRABS TRAPPED

FROM SEPTEMBER 1983 THROUGH JANUARY 2. 1984

BLUE CRAB STONE CRAB
STATI ON NUMBER WIDTH ("'N) NUMBER WIDTH (14M)

AI 742 142 .9 11 79 .8
A2 333 144 .2 252 80 .7
A3 325 148 .5 366 60 .3
A4 462 149.7 271 82 .2
A5 63 153 .2 362 82 .8
A6 58 149 .9 295 84 .5
Bl 533 146 .1 238 8t . 9
82 370 149 .8 287 79 .1
83 312 147.6 288 79 .3
84 209 149 .1 409 81.1
85 100 147 .8 464 81.6
B6 0 382 80 .6
Cl 351 140 .5 144 76 .3
C2 174 148 .3 175 76 .5
C3 435 149 .4 185 76 .3
C4 224 151 .3 276 79 .7
C5 111 145 .5 332 79.4
C6 50 153 .2 340 81.3
01 574 152.8 6 82 .7
02 765 152 .5 t7 81.1
03 605 146 .2 148 79 .2
04 378 148 .3 246 79 .9
05 95 148.2 344 80 .1
06 25 153 .3 41 I 79 .7



TABL E 9 .2 - 5

NU MBER AND AVERAGE WIDTH Of CRABS fR APPED

THROUGH OCTOBER 31 , 1983

BLU E CRAB STONE CRAB
S TATI ON NUMB ER WIOnl (1-4 1-4 ) NUMBER WID TH ( MM)

A l 228 141 .6 '2 84 .5
A 2 56 138 .9 97 79 ,7
A3 2 3 14 2 .3 13 1 80 ,7
1\4 25 14 0 . :2 123 a ~ ,2
A5 3 141 . '1 1'27 85 ,6
A6 0 9 2 81 . 4
B I 14 7 149 . 0 115 82 .3
82 28 148 .7 11 5 77 .7
6 3 14 14ILO 14 4 78 .7
84 15 154 .0 2 23 a 1 , 5
8 5 4 150 ,8 240 83 .1
8 6 0 105 8 1. 8
Cl 119 137 . :2 7- ' 70 .0
C2 23 146 .7 56 77 .5
C3 30 151 . t 107 79 , 3
C4 26 148 .2 16 I 80 . 4
C5 13 150 , 7 11 7 79 . 8
e G 5 14 7 . 6 l G4 8 :3.6
01 :lll 15 3 . 8 1 70 .0
0 2 18 2 1413 ,0 9 8 2 , 4
03 38 145 .1 10 7 78 .8
0 4 13 160 ,9 122 80 . 9
0 5 5 16 3 , 8 132 80 .4
06 4 14B .a 106 8 0 . 6



l/!leU 9 .2 -6

NUMBE R AND AVERAGE WIDTH Of CRABS TRAPPED

FROM NO VEMBER I , '983 THROUGH JANUARY 2 , 1984

BLUE CRAB STONE CRAB
STATION NUMBER WI DTH (MM) NU MB ER WIDTH (101M)

A I 5 ' 4 143 .4 9 78 .8
A2 277 145 .2 15 5 81. 3
A 3 302 148 . 9 237 BO , I
A4 437 150 . 2 14 B 0 2 .3
A5 60 15 3 , 0 235 81.3
A6 58 149 .9 203 83 .2a l 386 144 .8 ' 2 3 81.6
62 342 149 . 9 17 2 80 .0
83 2 9 8 147 .6 144 80.0
B4 19 4 148. 7 186 80 ,7
8S 96 147 . 6 224 79 .9
86 0 277 80 . I
Cl 232 142 . I 70 78 . 6
C2 15 1 148 , 6 tl9 76 . 0
C3 405 149 . 3 78 7 6 , 9
C4 198 151 .7 115 78 .8
C5 98 144 .9 215 19 . I
C6 45 153 ,9 176 79 . 2
01 363 152 .3 5 8 5 .2
02 583 154 .5 a 79 .6
03 567 14 8 . 4 41 80 . 2
04 365 147 . 8 124 79 . 0
05 9 0 147 . 3 212 79 ,9
0 6 2 1 154 .1 305 79 ,4



-----,,------~~--'

TABl.E 9 . 2 -7

NUMBER ANO AVE RAGE WI DTH OF FE MALE CRABS TRAPPED

THROUGH OCTOBER 31 . 19 B3

BLUE CRAB STONE CRAB
S TATI ON NUMBER WIDTH (101M) NUMB EIl IoII DTH (101M )

AI 10 5 14 5 . 6 1 9 0 . 0
4 2 3 1 14 4 . 9 4 7 4 . 8
A3 16 14 3 . 1 18 7 4 . 7
A4 13 150 . 5 2 1 75 . 0
A5 2. 15 4 . 0 12 7 6 .9
A6 0 3 7 5 .0
8 1 G1 159 .0 B 78 . 3
8 2 12 161 . 6 46 73 .7
B3 9 156 .6 G4 7 7 .3
B4 14 \54 .8 52 74 . \
8 5 .j 150 . 8 63 77 . 3
86 0 7 81 .4
C l 40 14 2 .8 19 75 .5
C2 15 14 2 . 7 27 7 8 . I
C3 18 15 6 .4 5 1 76 . 5
C4 2 4 149 .5 66 7 5 . 9
C5 \ 1 \56 .1 41 75.4
C6 5 14 7 . {; 28 7B .2
01 29 146 . 3 0
02 86 15 7 . 7 2. 8 6 . 0
03 23 15 4 . 0 7 3 7 7 . 2
0 4 B 15 9 . I Ii \ 78 .0
05 4 16 5 . 3 6 , 77 .0
0 6 4 148 .8 46 77 . I

.". - - - _.""..._-"- - _ ._- - ,,.-



TABLE 9 .2 - 8

NUMBER AND AVERAGE WIDTH OF MAL E CRABS TRAPPEO

THROUGH OCTOBER 3 1, 1983

BLUE CRAB STONE CRAB
STATtON NUMBER WIDTH (JAM) NUM8(R WIDTH ( MJot )

A I 107 14 1 .4 I 79 . 0
A2 23 133 . 6 93 79 . 9
43 7 140 .4 113 8LG
A4 II 130 . 5 10 2 8 3 . 7
A5 1 117 .0 115 8 6 .5
A6 0 89 87 .8
81 71 143 .5 99 82 .6
6 2 14 142 .7 69 80 .4
B3 5 132 .6 8 0 79 .8
B4 I 143 .0 17 I 8 3 .8
B5 0 177 8 5 . 2
BS 0 98 8 L8
C I 58 143 .1 52 79 . 3
C2 8 154 . 0 26 77 . 5
C3 11 144 .2 as 8 3 . 7
C4 :2 132 . 5 77 64 .1
C5 2 12L O 63 6 3 . 0
CG 0 \11 85 .0
01 \8' 155 .3 I 70 .0
02 70 144 .7 7 8 1 .4
03 10 14 1 .6 34 82 .2
0 4 4 166 .8 61 83 .8
0 5 I 158 .0 7 I 8 3 . 2
06 0 60 83 .3



-------_.__." ""- - "" ' "

TABLE 9 .2 - 9

tJUM BER AND AVERhGE WIDTH OF FEMALE CRABS TRAP PED

FROM NOV EMBER 1. 19 8 3 THROUGH J ANUARY 2. 198 4

BLUE CRAB STONE CRAB
STATI ON NUMB ER WIDTH ( MM ) NUMBER WI DTH ( MMl

Al 212 15 7 . 6 I 89 .0
A2 185 15 3 . 8 25 79 .7
A3 25 1 152 .4 58 76 . 8
A4 409 151 . 0 56 76 . 9
AS 57 155.5 8 4 76 . I
AG 54 151. 4 60 77 . 1
BI 19 2 155 .8 15 81.9
B2 273 15 5 . 4 49 76 . 2
0 3 264 150 .3 59 78 . 2
64 186 149 .7 7 2 76 .8
6 5 88 15 1 . 0 1 13 77 .7
0 6 0 9 :1 76 .7
C t 95 15 1 . 9 8 79 .6
C2 104 15 2 .4 4 6 7 4 .3
C3 365 15 1 . 6 4 3 75 .7
Col 184 153 .2 56 76 .1
C5 78 149 . I 111 7 7 . 0
CG 40 157 .8 8 6 75 .4
Dt 64 162 . 6 0
02 4 11 160 . 6 6 77 . 5
03 4 96 151 .2 26 81.504 335 149 . 8 6 4 7 5 . 705 B4 148 . 8 98 75 .6
0 6 19 155 . 0 14 7 78 .4



TABLE 9 .2 - tO

NUMBER AND AV ERAGE WIDTH Of MA LE CRABS TI? APPEO

f RO'"' NOVEMBER I . 1983 THROUGH J ANUARY 2. 1984

BLUE CRAB STONE CRAB
ST ATI ON NUMBER WID TH (101M ) NUMBER WIDTH ( MM)

AI 228 13 7 . I 8 77 . 5
A:2 49 141 . 4 130 81. 7
A3 30 143 . 5 179 81.2
44 20 146 .8 92 8 5 . 5
A5 i 132 . 0 ' 51 8 4 .2
A6 1 128 .0 143 6 5 .7
BI 149 137 .6 108 a t. 5
8 2 3 3 139 .3 12 3 8 1. 6
83 17 144 .9 8 5 61. 2
84 4 138 .8 101 63 .6
85 3 125 .3 111 82 .2
86 0 165 B t. B
Cl l IB 139 . 7 62 78 .5
C2 40 14 5 .0 73 77 . 0
C3 21 138 .2 35 78 .3
C4 6 14 7 .2 59 61. 4
C5 8 14 5 .5 98 6t.7
C6 3 12 6 .0 90 62 .9
01 28 8 151. 3 5 85 .2
02 129 \48 . \ :I 66 .0
03 35 13 9 . 8 15 77 .9
04 14 14 2 . 7 60 62 .6
05 4 \ 3 2 .3 1\4 63 .6
06 2 146 .0 158 80 .4
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TABLE 9 .2 -11

TO TA L NU.~e ER OF CRABS RECAPTURED

RELEASE LOCATION
RECAPTUR E
LOCATIO N Al 1\2 A3 Ad A5 AG 81 62 B3 El4 85 B6 Cl C2 C3 C4 C5 -cs 0 1 0 2 03 0 4 05 Ob E F . G

0 1 :2 3 1 1 2 2 ., ., 1 6 :2 803 1 1 1 2 I04 :3 I 3 1 1 2 I 4 G0 5 6 2 6 3 1 3 5 7 5 4 4 14 10 43 12 6 :2 19 63 86 16 a 3 '2 206 4 1 6 '3 6 2 :2 1 9 6 12 :2 4 3 7 48 23 14 1 3 607 1 :2 2 1 1 :2 1 1 14 '3 108 I 1 1 5 2 5 67 10 109 :2 1
11 14 9 14 25 1 '3 27 10 18 HI 2 6 1 :1 4 2 1 :3 5 :1 5 1 212 1
13 1 1 1 1 1
14 I 1 I 1 2
15 :2 I '3 1
16 I G 8 :2 :2 I :2 3 10 8 :2 1
17 I I I 3 1 12 11 :2 2 1 37 5 2 I18 1 2 1 6 5 4 :2 B B :2 319 1 12 1 '3 ., :2 G 1 :2 6 I 1 1 :222 1
23 3 3 '3 8 :2 6 II 10 3 8
24 13 15 11 33 9 6 3 7 65 38 4 2 13 '3 I I 1 .,
:25 15 ., 16 25 2 '3 15 25 18 9 5 2 3 1 I26 5 9 6 7 :2 10 4 12 4 B
27 '27 9 11 20 6 1 37 33 9 :2 3 1 1 :2 I 1 3 428 13 8 2 6 I 3 7 7 I 1 I I29 :3

:230 3 ., .
34
35 :2
36 I
37 10 14 2 5 15 1 8 I I 5 J :2 I , I 2 :238 73 26 4 4 I I 1 1 :239 28 10 1 ., 1 3 2 :2 1 1 :2 140 44 12 10 G 1 1 10 6 '3 .



1 ABLE 9 . :2- 12

NUMBER OF FEMALE CRABS RECAPTURED

RELEASE LOCA TION
RECAPTURE
LOCATION A l All 1.3 1.4 1.5 A6 B I 82 83 B4 B5 86 Cl C:2 C3 C4 C5 C6 0 1 0 2 0 3 04 05 06 E F G

0 1 I 3 I I 2 :2 7 4 1 5 2 6
0 3 1 1 I :2 I
0 4 J 1 3 1 t 2 , 4 5
OS 5 :2 G 3 I 3 4 5 5 4 3 t t 9 40 12 5 :2 I I 52 78 16 a 2 :2 :2
06 3 1 6 2 6 2 :2 1 7 G 11 2 4 3 4 39 2 3 12 I I 4
07 I :2 I I :2 1 3 3 1
OB I 1 I 1 4 I I
09
I I 14 9 14 25 I 3 24 10 IG 18 2 5 I 2 4 2 1 5 :2 5
12 1
13 I 1 1 I 1
14 I I I 1 :2
15 1 1 a t
16 I G 8 2 :2 I 2 :) 7 1 I
17 I 1 a I G 6 :2 2 I 3 :2 2 I
18 I 14 4 5 :I 2 I :3 2 3
19 I
2 1 :) :2 G I :2 G I 1 I 2
22 1
23 3 3 3 B 2 6 8 to :) 8
24 ' 0 12 17 31 9 G 34 56 36 42 13 I I I 1 3
25 12 7 14 25 2 3 11 25 17 9 5 :2 :1 I 1
26 a c 6 7 :2 8 4 12 4 1
27 18 a 1 I 18 6 I 27 30 6 2 3 :2 I :2 2
28 7 8 2 6 I 8 5 1 1
29
30 I 3
34
35 2
36 I
37 12 12 :24 12 I 7 10 4 1 2 I I I :2
38 53 2 2 2 3 I I I
39 10 8 3 I 2 :2 2 I I 2
40 '8 to to 6 I 1 B 4 3



TA BLE 9 ,2 ' 13

NUMB ER OF MA LE CRAB S RECA PTURED

RE LEASE LOC ATI ON
REC APTURE
LOCAT I ON A l A'J. 11 3 A4 A5 11 6 B 1 B2 B3 84 as 86 C l C2 C3 C4 C5 CG 01 02 03 0 4 0 5 D6 E F G

0 1
03
0·1
05 1 1 2 I :I 1 3 1 B 1 t 806 1 1 2 1 3 9 2 2 207 1 1 1 1 1
OB " 2 1 66 10
09 2 1
II 3 :2 t 3
12
13
14
15
16 :I
17 1 6 5 34 318 7 2 1 7 519

1
21 3
22
2 3 :I
2 4 3 3 2 3 9 :2 2
25 :I 2 4 1
26 2 3 2
27 9 1 2 10 3 3 I I 1 I '228 6 29 2

129 3
'230 :2 "3·1

35
:)6
3 7 6 2 , 3
3 0 20 4 '2 I 1
39 18 '2 1 1 I
40 26 2 '2 '2



r ....BlE 9 ,2 -14

AV ERAGE TIME BETWEEN REL EA SE AND REC AP TURE IN DAYS

RELEA SE LO CATION
RECAPTUR E

LOCAT I ON AI A2 A3 A4 A5 A6 B1 82 B3 84 65 136 Cl C2 C3 C4 C5 C6 01 02 03 0 4 0 5 D6 E F G

01 40 42 40 35 24 78 36 43 3 9 40 39 28 49
03 102 8 45 2 1 16
04 36 14 14 46 4 15 11 6 8
05 26 63 10 26 69 39 30 16 22 17 50 37 24 22 23 27 20 29 25 22 19 30 GO 10 16
06 45 14 46 26 16 37 23 18 5 4 34 22 20 :10 34 46 26 2 1 28 17 18 3 4
07 9 8 45 58 2 1 36 32 6 3 25 22 24 33 16
06 14 36 15 22 a 17 18 2 4 22 7 14 5 9
09 t1 7
11 2 1 2 1 19 18 18 20 22 22 17 18 26 57 28 33 24 19 26 99 49 40 29 II 18
12 6
13 3 4 28 28 16 26
14 46 28 14 35 7 24
15 16 14 7 7 6 4 6 6
16 1 11 8 9 8 7 84 131 9 2 84 74 18 7 25 79 89
17 5 52 52 52 46 26 15 5 3 47 47 50 49 52 52 83 4 7
18 81 24 48 67 49 78 48 38 6 3 4 6 G 10 5
19 5 13
2 1 3 0 45 27 47 5 4 42 19 23 103 4 1 22
22 101 140
23 55 13 5 4 32 6 30 10 19 16 11 8 9
24 29 27 25 27 17 34 15 \I 17 26 '2 I 23 11 9 63 3 9 2'"25 22 10 27 25 3 17 28 17 12 14 17 3 2 49 4 25
26 2 1 19 2 4 2 1 17 31 13 9 14 15
27 23 36 :37 21 12 20 22 15 41 32 24 92 58 40 7 t 28 26 44
28 46 69 25 60 14 9 69 49 128 128 5 1 203
29 64 8 0 24
30 8 13 14
34 6
35 11
36 I
31 19 27 2.5 31 2 4 30 22 26 24 4 3 82 36 107 44 11
3 8 17 10 15 16 10 12 15 27 19
39 20 25 10 4 4 23 3 1 20 6 19 3 6 12
40 25 33 37 66 25 92 24 16 13 36 119 59
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TABLE 9 . 2 - 15

TOTAL NUMBER OF CRABS R E C A ~TURED

RELEASE LOCATI ON

RECAPTURE LOCATION AI 1.. 2 A3 A4 A5 A6 81 8 2 13 3 B4 85 8 6 C I C:2 C3 C4 C5 C6 0 1 0:1 0 3 04 05 06 E F G

SOUTH CRYSTAL BAY 5 I 1 I a

CRYSTA L BAY 274 133 130 IBB '27 3 1 :108 188 138 9 B 51 85 1\ 8 90 37 26 '1 I I\B 16 7 128 69 14 '1 20 19 8

WACCASASSA BA Y 16 14 21 3B 9 7 2 5 37 37 2 1 14 2 1 ~o ali 45 2 1 \7 37 133 136 104 3 1 10 7 11 16

SUWANEE SOUND I I :2 4 1 :2 1 1 8 1 1 1 15 12 7 :2 :2

HORSE SHOE COVE 1 1 :3

DEADMAN BAY I 1 1 1 1 1 1 :3 6 1 :2 {t

FENHOLLDWAY
RI VER AReA I 1 4 3

APALACHf.E BA Y :2 1 1 7 I 1 5 1 3 1 9 7 <I :1 8 7 "I \) It ~J

DOG SOUND 1 1 1 :!

APAL A.CHICOLA
RI VER AREA

WE ST OF CAPE
SAN Bl AS 1 1 1 I ~,



TABLE 9 _2 - 16

AVERAGE TIMe OETW EEN REL EA SE ANO RECAPTURE IN OA"'5

RELE ASE LOCATION

RECAPTURE LOCATI ON Al A2 1\3 A4 1.'5 A6 6 1 02 113 B4 8 5 BG Cl C2 C3 C4 C5 C6 01 02 03 04 05 06 E F G

SOUTH CRYS TAL BAY 134 150 I!:'" In 148 \57 15

CRYSTA L BAY 2 4 2G 3 1 31 23 34 31 11 19 26 26 34 25 26 30 35 31 3 4 28 23 25 26 42 38 32 30

WACC AS ASSA BAY 33 57 43 58 45 55 54 46 45 35 30 59 5 2 47 52 76 40 38 49 44 39 61 28 82 4 6 8\

SUWANEe SOUND 22 18 10 60 78 69 40 121 82 81 63 70 5 4 87 11 69 8 2 27

HORSESHOE COVE 125 3 1 100 93 59

DE ADMAN BAY 96 104 101 158 68 to t 63 60 83 19 80 70

FENHOLLOWAY
RI VE R AR EA 119 18 101 61 l IS 73

APALACHEE BAY 100 181 141 I1S 102 131 10 9 108 133 133 116 118 125 98 136 14 2 t05 84 113 79

DOG SOUND 126 t03 108 123 100

APAL ACHICOLA
RI VE R AR EA 109 18 -' 161 198

WEST OF CAPE
SAN BlA S 14 1 130 10 8 180 147 135



TABLE 9.2- 17

NtMBERS OF SID IN THE RMAL AND CONTROL AREAS

83

26

220

262

115

4

61

8

27 6

89

5

Female

ControlContro l Therma l

34 142

14 15

141 36

253 100

105 217

4 5

69 213

1 1

1 34

284 369

37 132

9 2

45

1

30

124

98

6

239

20

339

85

Male

Thermal

Species

Bay anchovy

Polka-do t bat fish

Pig f i s h

P'infi. s h

S ilver perch

Spotted seatrout

Spot

Red drum

Striped mullet

P ink shrimp

Blue c r ab

Stone crab
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FI GURE 9 .2. - 3

CRA B TAG RETURN GRID AlW
CORRESPONDING TRAP LO CATION
CRYSTAL RIVER 316 STUDIES
" LORID A POWER COR PORA TION
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