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6.3 MACROPHYTES

6.3.1 Sampling and Laboratory ft--nalys L.;

Three areas were selected t o !:tt:udy the &uhrin~;; : g;'eint lllirt'!'ophyt e communities i.n
Crystal Bay . The area between the erne ana 't he i:n ca ke spoil was defined as
the thermally affected area. Two control area s 'wer e also sampled - one
located off the With lacoochee River and theCFBC and one off Crystal River.
Fifty stations on 10 t r anaec t s were es t ab l i shed (F.igure 6.3-1) for ground
truthiog. Of theBe stations, nine were designated as intensive monitoring
(1M) stations and were subjected to a more extensive sampling program.

Quarterly overflights to shoot 1:18,000 (1 in. • 1,500 ft) ecal e vertical
color aerial photographs were planned to map the distribution of the seagrass
and macroalgae in the study area over the course of 15 months. However,
conditions at the site prevented successful aerial photography as scheduled. ,
Photographs which could -be used for ground truthing were obt;ined only three '
times during the study (October 1983; February and April 1984). These photo­
graphs, along with others obtained from various sources were then ground­
truthed each quarter by teams of divers.

Ground truzhing was perform~d at each of the 50 stations using 10 randomly
placed I-m quadrats. Quadrats were surveyed by divers who estimated percent
cover for each species of seagrass and rhizophytic alga observed. An estimate
of the percent bare bottom was also made during the latter part of the study.
Estimates of percent coverage were facilitated by dividing each quadrat into
25 subunits (a 5 x 5 grid) and estimating percent cove r in each subunit.

Of the nine stations selected (Figure 6.3-1) f or intens i ve monitoring, three
(A, D, and G) contained Halodule wrishtii an t he domi nant seagras s ; 3 ( ll , E,
and H) contained Syringodium filiforme as the d omi nant seagr.aes ; and 3 (C, F,
and I) contained Thalassia testudinum as the dominant seagrass , These
stations were sampled at 6 week intervals between June 1983 and July 1984, for
a total of 10 sampling episodes. In add i, tion to percent cover es timates ,
biomass and productivity samples were collected during each sampling episode.

Above-ground biomass of seagrass and algae was sampled using a plexiglass clip
box sampler (25 x 25 em). The box was inserted into the sediment and alI
plant material was clipped at the sediment surface. The clipped material was
retained in the box. Six replicates were collected in this fashion at each IH
station during each sampling episode. Samples were preserved in the field in
5-10 percent formalin in seawater. Five replicates were analyzed by s ort ing
the plant material to species; drying to constant weight at 700C; and
weighing. The s i xt h replicate was saved, principally in case of loss or
damage to one of the first five; however, the sixth replicates were examine d
to identify the algal epiphytes present.

Estimates of seagrass productivity (after Zieman, 1975) were based on quadrat
sampling. Quadrats measuring 10 cm x 10 cm were employed at Halodul e
stations (A, D, and G); 10 em x 20 em quadrats were used at all other 1M
stations. Three quadrats were placed at the time the clip box samples were
taken. After placement, all seagrass blades within the quadrats were clipped
off level with the top of the quadrat and discarded. Two weeks later t he
uadra.ts were revisited and all new growth was harvested and preserved i n
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5-10 percent fo rUl aJ::i n/ ;FS1 ..: ~'r e t . ;San;ptkr~~" ' '4 1:,,:'.'1', l'(; i1.:,\:} ~(. £:i;t ' l e I the laboratory,
sor t ed , dried tOCOilll ti3U !:: ,,,vt. 'i"g l fL.• ,mewl~'tghHjL ::i h OliJ •..r.OJ..mt.? were made both at
the time of quadratplac l:!Uent ,,:nu a'l ;b~:r. 'lp_~Gn.I¥ :w,i'.i:ug e.:'::I,Vi::n randomly placed
10 x 10 C11l quadrat .~at Ha,h :...dlihr; :;t;! ,'R :-:i m :F '~'l.~l S,-um: J I} :x :20 em quadrats at
Syringodium and Tha'l '(in'3:i a s,t"g~i:,;(Oi _

SAS was used to provide "nlIll T,{L1'}' tjE.b1..<~[. {>if t!R'2'C'm~l i ~-:J .v~Z;~: :g r owt h rates, total
standing biomass, and t ot ,s.:] r£,on:':t ,1h~:\!\;:i i tJ L'Jy t! :'i:me :;r:rd ''3'Z'2;" t i on . The SAS GLM
procedure was used to ¥2:'nvi de 'ID". ;mth:i ys:; !), 'Cli ,z.'ml'.f.!r:i snJ:t: for the above four
measures of macrophyte a'b",ipdanJ.3 _ 'J1til';e:r" :t '~j (t ,!:'ts :r "";{f!; ll.l...<;'c.\i. to contrast means
of main effect variables of s t.9.t,ion ; e.'~d it i me !}I: :r.t oI.L The $e analyses were also
conducted by species to compare diff f.2"e.uCi!8 ~'i'c~!Y;\'J5' :3,v. a,tL on s for each species.

6.3.2 Results

Five species of seagrasses were observed i n the C-rys t a l Bay area during the
course of this study: Ruppi:a maritima Lo) 1Halophila engelmannii Asche r s ; and
Thalassia testudinum Banks ex Koenig, and Syringodium filiforme Kuetzing and
Halodule wrightii Aschers.

Seagrass diversity (number of species) at the nine intens ive monitoring
stations over the course of this study is summarized, in Tab Le 6.3-1. The
three southern stations (A, H, and C, s out h of the intake canal) and the two
central stations (E and F) usually contained the highest number of seagrass
species, although in the last two sampling periods one or more of the three
northern stations (G, H, or I) cont .'1inedthe greatest number of species.
Station D (in Basin o routinely con t a i ned only 'one species of s eagras s ,
Halodule wrightii. .

Parameters of the aeagras s communi t i es which were measured were biomass
(above ground standing crop), ahoot density, productivity and percent cover.
Table 6.3-2 summarizes the results of the ANOVA analyses on the seagrass data.
Time (sampling date) and station were the two parameters which consistently
had a significant effect on seagrass biomass, productivity, shoot density an d
percent cover. In most cases, the effect was highly significant (P less than
0.01, see Table 6.3-2). The other parameters tested showed no c l ear pattern .
Temperature, salinity, pH, dissolved oxygen (DO), and the extinction
coe f f i c i ent ( l i gh t penetration), all measured at the bottom, had a signifi­
cant effect on the different species of seagrasses, but in a sporadic fashion,
affecting various species differently (e.g., biomass in some cases,
productivity in others, etc.). The environmental factors used i n the ANOVA
analyses are~ of course, linked with the time of year and s t at i on loca tion,
and the r e l a t i ons hi p between these factors is examined i n Sec tion 6.1.

For all seagrasses combined) one or more of the three southern stations (A, B,
and C) consistently had significantly higher biomass, shoot density and
productivity than the other intensive monitoring stations. Appendix IV
contains the results of the ANOVA analyses on the total seagrass data. There
were some variations in this general pattern depending on the species of
seagrass, i.e., Halodule stations tended to have higher shoo t dens it i es t han
Syringodium or Thalass ia stations, since the former species is smaller, and
thus has more shoots per unit area. Halodule stations had lower biomass and
produc tivity compared to Thalassia and Syringodium stations, since t he latter
two species have larger blades than the former. Stations E and F t ypical l y
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exhibi t ed intermediate s eag'ras s biomass , .sho;v! den6 i d~s~. and produc tivities.
St ations G, a, I , and D usually dis played a Lgu i f i ceu t l y l ower seagras s
parame t er s t ha n the othe r s t a tions . Temper ur e , salinity, pH and DO wer e
environmental factors which significantl j·n fJ.'Jen~l the measures of
abundance of t o t a l seagras ses.

The foll owi ng paragraphs dis cu s s the anaLyt .i.ca .l res u l :r:~ f or each spec ies of
seagrass separately.

Hal odu l e wrightii

The ANOVA ana l ys es pe r f ormed on the Hslodule percent cover , biomas s , shoot
dens ity , and productivity data are present ed i n Append ix I V. Ta ble 6. 3- 3
sUlIlllarizes annua l means for each of t hes e items . Station A exh i b i t ed
significantly higher bi omas s , shoot de ns i ty and produc t i vi ty t han t he other
two Halodule intensive moni toring stations (D an d G). Sta t i ons D an d G did
not di f f er signi f i cant l y with respect to biomass or pr oduc tivity, bu t Sta t i on
G had a significantly greater shoot de ns i t y (number per ar ea ) than Station D.
All t hree Hal odu l e s tations were simil ar with respec t to perce n t cove r (areal
cover age). This is cont r ar y to the ANOVA res ult s , whi ch indica te t hat st a t i on
differ en ces do exi s t f or perce nt cove r , however t he mul t i pl e compa r i s on t es t
used (Tukey' s t est ) i s very conae rva t i.ve , I n addition, Zi eman (persona l
commun i cation) has questioned the value of pe rcent cove r da ta as an ind i ca to r
of therma l eff ects of seagras s es.

Typically , pr oduc t i vity , bioma s s , shoo t density and percen t cove r of Hal odu l e
were all significantly hi gher during the late spring -sUllJIler - earl y fal l
sampling periods. Salinity, pH, DO and light level s were envi r onmental
factors whi ch significantly influenced one or more of the Halodule measures o f
abundance . Appendix IV contains summar y tables on Halodule biomass,
productivity and shoot density by sampling date and sta tion .

Syringod i um f iliforme

The ANOVA analyses per formed on Syr i ngodi um percent cover I biomass, shoot
den s i t y, and product ivity are presented i n Appendix IV. Sta t ion B had
s ignificantly higher biomass , productivity, shoot density and percent COver
than t he ot her two Syringodi um i ntens i ve moni t or ing stations . Station E had
significan t ly hi gher biomas s, s hoo t den s i t y and percent cove r t han St ation H,
but these t wo stations did not differ with res pec t t o productivity . The
s ummer months typically exhibited s i gni f i cant l y highe r Syringodium biomass ,
shoot density, pr oductivity and percent cover. However, percent cover tended
t o be s i gni f i can t l y higher during the wint er months re l a t i ve to the other
three parameters exacri.ned , Tempera tur e, light, salinity and DO were t he
environmental factors whi ch significantly influenced Syr i ngodi um parame ters .
Syringodium biomass , productivity and shoot density by station and month are
s unmar i.z ed in Appendix IV. Annual means by s tation and sampling date are
shown in Table 6.3-4.

Tha l aas i a testudinum

The ANOVA ana l ys es pe rformed on Thalss sia pe rcent cover, biomass, shoot
density, an d produc tivi ty da t a are pr e s ented in Appendix IV. Sta t i on C
exhibited significantly higher Thalas sia biomass, shoot densi ty, and
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productivity t.hau :S:.r_at'1. 0Hf' Je ,Std.; .1.. ,, '4ti.'"2u ·l£.l j ':'..'11 ;,f 1. r 'r ,,;} ·t or any of the se
parameters. Tlra l!nrs ia ,p.e r v t:.;riJ cowar i ::unan g ::A"Tltrirtn'.~ ,";R b '''.5..:' -t eated , since i n
two cases (S t a ti:ms .!:. ,aod ' F ..end ::'t;; ::g'.r:;,~mb :r- cn,o IC:}" ,~ ,l'ha l as s i a and a
Syringodium s t at.i.oa '\Je r e J;ICi!t~'" 10 t;:!le "t:ame ;];;; a ~.s~c ed ,a n:! .s ampl i ng r esult s
were f or a mi xed .sen gr .a:,f;'! 'ned., j !; n :, ;t h.<: fiu ll1, ' Tw.:Jaa s'i £i ~~~ r ame t ers tes t ed,
s i.gn i f i c an t l y highe r v a.Lue s ·..'~n r..i b sm;;f~ tj : i:t liJ.0mi7~ ~w;;;.;a,; g ampling periods ,
but t he wint er vs'Ices f or J l.hala:!s i a :r.r.:::.'U:led t " 1f!d \ C\!. ' r e Lf.:tj ·vely higher i n t he
ran k or der , c ompar ed t n 't h e win tt£'.r W,S,3·l;!':i' '(i.~ Syrinpdhun and Ha Lodu Le .
Temperature, ligh t and pH wereei1 \1~ :ro!'l..ne t..t :l':.! ' f a C:l tnT S '\>Thi ch signifi ca n tly
influenced the Tha lassia meas ure s c'E .a b m rlh .1.tt ,J?,. 'Tha l as s i a biomass,
productivity and s hoo t density by srat i on and mo!.!'! !::, · are summari zed i n
Appendix IV. Annu al means by st'3cio'C z t\i! s d:.Di?1h W d a t a a r e shovn i n
Table 6. 3-5.

Macroa l gae

Rhizophl ti c Alga e. "

Ta bl e 6.3 -6 lists t he species of rhi zophytic ( a t t a ched ) algae observed d uring
the cour s e of this study. MOt'e stations sou t h of the power plant: discharge
( S t a t ions 32 and h igher ) supported rhizophytic algae, c ompa r e d to the
northern stations, and the southern stati ons usually exhibited higher
r h i zo phy t i c algal ' pe r c e n t cove r t han t he norther n stations ( s e e quarterly
data tables ). Percent cover was higher duri ng the s tmmerl fall period.
Rhizophytic alga l di vers i t y is s Ult1l1ls r i z ed in Table 6.3 -7. More species of
rhizo phytic algae wer e found a t the three s ou thern int ens i ve mon i toring
st a t i ons ( A, a, and C) t h rougho ut the study period, c ompa r ed to t he other
i ntensive moni t o r i ng s tati ons.

Rhizophytic algal biomass was significantly co r r e l a t ed to time ( s ampling
date), station and bottom DO. Results of the ANOVA analyses are found i n
Appendix IV. Station E had s i gni f i c a n t l y higher biomass compa r e d to the other
stations . Other than for this station, however, no clear station trend ....a s
evident. Rhizophytic alga 1 biomass was · significant ly higher duri ng t he
summer/fal l sampling periods .

Drift Al gae

A number of species of drift algae were c ollected during the course of thi s
stud y . These are listed in Tabl e 6. 3- 6 . Percent cover ....as the on ly drift
a lga l parameter measure d and s ta ti s tica lly analyzed . Time , s t a t ion,
tempe r a tur e and salinity at the bottom had sign if icant ef fects. Sta t i on B had
the signific an tly highest d ri f t a lgal pe rcent cover, but no o ther c lear t r e nds
were ev i den t. Drift alga l pe r cen t co ve r t ended to be signi fica n tly higher
du r i ng winter and s ummer mon t hs.

Typical ly , a species of Gr ac i l aria ( G. t i kv ah i ae or G. ver r uc oss) tended to
domina te the drift algae th rougho ut th; year i n t he no;t he rn half of t he s tudy
ar ea ( the discharge area and no r th), with Sargassum H I i pendula locally
domi nan t in areas with r ocky bottom. Gr aci l a r i a de bilis and / o r Q. sjoestedii
domina t ed t he drift algae i n t he sout he r n part of t he s t ud y a r ea in the
wi nter . Dr ift algae appe a r ed to fo rm a l esse r propor t i on o f the t ot a l
mac ro phyt e cover during t he summer mon ths i n t he s outh par t o f the s tudy area.
Red a lgae , as a group, were t he domi nant compo nen t o f the d r i f t a l gae in t he
study ar e a thr oughout the pe riod o f st udy .
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Total Macrophyte Percent Cover

An es t i ma t e of t he percent hare subs tratum was made when estimating percent
cove r of the different species of macrophytes , in order to obtain an estimtae
of to tal macrophyte cover. Time , stat i on, bot tom temperature and DO had
s ignificant e ffects on tota l macrophyte cover ( see Appendix I V). The
southern i n t ens i ve monitoring Stations A and 4 7 ( B a nd C) ha d the
sign ifican tly highest total macrophyte coverage. Stati ons 33 (E and F) and I
were intermediate , a nd Stat i ons D, H, and G had significa n t l y lower t otal
subaergen t aacrophyre cover. St a tion 0 exhibi.ted the l owest t ot al macrophyt e
cove r . Total mac rophyte cover t e nded to be signi fic a n t ly higher dur i ng the
s utII11er mont hs. Drift algal cove r and oc c ur r e nc e in the t he rma l areas was
l owe r during the s ummer than i t was in other part s o f the s tud y .area .

Macrophy te maps of the area s how much high er t o tal macrophyte c ov e r i n t h e
s out h part o f Crys tal B,ily ( s o uth of t he i n t ake canal and d i ke) compared to t he .
nor t hern region. Figu~es 6.3-2 to 6.3-10 s how macrophyte' dis tribution in
Cryatal Bay in February 1984 .

Syringod ium was no t wi de l y d is t r i bu ted a t many of the stations in the northe rn
ha lf of the study area, hu t occur r ed f r e quen tly at many southern stati ons
t hroughout t he s t ud y per iod . This was no t t he case for the other spec i es o f
aeagra ssea observed. These spec ies typically occurred at s i milar numbers of
s outhern and northern stations . Thalass ia and Syringodium occurred a t t he
f ringes o f Basins 1 and 3. but were not found withi n t hese basins at the
hottest areas of the discharge. Halodule an d Haloph i la engelmanni were the
only s pe c i e s of seagrasses which occurred in t he thermal area, occurring in
Bas in 3 and portions of Basin 1.

Seagrss8 or seagraas/rhizophytic algal assemblages dominated the macrophyte
cover i n the southern part of the study area. Thalasaia and Syringodium were
dominant offshore and Ruppia maritima and Halodule were dominant inshore.
Dense patches of rhizophytic algae (generally Caulerpa sp.) were found
locally in inshore areas of the Bouthern part of the study area. Seagrasses
formed a lesser proportion of the macrophyte cover in the northern half of the
study area. Algae, particularly drift algae, were dominant there. Seagraases
and algae in the northern part of the area existed as small patches, while
larger, more continuous areas of cover were found i n the s ou t he r n area.

An historical
compil ed f rom
October 1950.
data from pas t
this s ummary .

t rend analysis of submergent macrophyte communities was
seve n sets of verti cal aerial pho tography, dating back to
Trend analysis focused on t h e Bas in 1 area . When availab l e,
Crystal River monitoring r e por t s we re also us ed in compi ling

Ana lys is of t he ear l y( 1950 and 196 0 ) photography ind i ca ted a genera l absenc e
of s trong s i gnatures of submergent macrophyte communi t i e s i n the Basin 1 area.
Some s eagras s and a lgae appear t o be pres ent ; however, the qual ity o f the
b l ac k and wh i t e pho tography does not a l l ov conclusive interpretat i on.
Historically, the Bas i n 1 are a a ppea r s to have been subjected t o f r eshwate r
inundation from Rocky Cr eek, a t i da l drainage creek of t he type f ound
throughout the study a r e a. The floli of Rocky Creek was subs e quently
interrupted by construction of the Cry s ta l River discharge canal. The
cbs truc tion of the freshwa t er flow may have permi t ted s e agras aes to i nvade the
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Bas in 1 region, due to high '.:' !: 's d.1 i n i t:.:.ep. No fJ:,-c!"j drt'l, are available t o

support t he above , and thus it must ' i.>e 't:c g:l\r i::l e i::Z 9J t t'<ne e·J l a t i ve . The 19 72
aerial photography ( co l or ) s hows t he pr es ence ,::;1 phc t '.l.gr a ph i c signatures
consistent with relatively dena e ;9ulmu:!-r g e n r 'ma cr.:J!.{,t'j'TJ: e c ommuni t i e s . FPC
(1974) confirmed the presence of '~xt ena.i·va be:1? -or .Ral oou l e (- Oi p lanthera)
wright i i i n Bas in 1. FPC 0 978 ; 1979} .also de'td ·c t 0';( el: L~ ftsive ( .,. 50 perce n t
coverage of the bottom) Halodtile C O l't.:t ;i n JB::.n i n]. i..."'he 1981 photography
reveals a slight decrease in submerg..:.--:n t ll.uicr ophyu : coverage, suppor t ed by
per ce n t cover data from FPC ( 1981) . CU:>:T~t 0933-04) photography reveals
further declines in macrophyte cov e r h :::Ea si n 1, <> ,::r e nd conEi rmed by t h e
field ve r if i ca tion an d sampling progr am conduc t .ed in the pres e n t stud y .
Al t hou gh Halodule may be sparsely distri butd ~hroughout Ba s i n I (as suggested
by t he aerial pho togr aphy), f ield ins pe c ti on ind i ca t ed this , was not so,
Halodule being confined t o t he nort he a s t po r t i on o f the bas i n. Other areas of
Bas in I were unvegetated mud bottom, some t i mes associated wi th a blue-green
algal mat.. Th ese mats, al ong with a r e as of benthic di a t om concentr a c i.ons ,
co u l d be r espons i bl e for the "green mud " s i gnat ures v is i b l e i n the rece n t
pho t ography o f Ba s i n t.

6.3 .3 I mpac t Asses sment

Seagrasses

The effects of the effluent from the power plant discha rge on s eagrass
r ece i ved much attention in past studies (Va n Tine 1977; FPC 1978; 1979; 1980j
1981 ) at Crystal River. It i s knovn that the effluent from t he plant results
in a lower number of species of aeagr-as s es i n the area affected by the
d i s cha r ge . This was s ee n in the present s t ud y . Halodule wrightii, the mos t
eurythennal of the s eagr-ass s pecies in the area (Philli ps 1960 ; Zieman 19 82 ),
was the only species of s ea gra as found at Station Df the station mos t exposed
to the power plant d ischa r ge. Mor e seagrass species we r e observed at Sta tions
E and F further offshore . These stations appea r ed to be only mode rate l y
impacted by the effluent plume. Th e greatest number of ae a gr ass s pecies
th roughout t he period of study were seen at t hese t wo stations and a t the
t h ree s o u thern stations (A, a, and C). The three nor t hern stat ions (G, H, a n d
I ) general ly had a lowe r number of s e agr as a spec ies throughout the study
pe r iod .

The intensive moni toring s tat ions (0 , E, a nd F) loca ted in the discharge are a
routinely exhibited s ignificantly lower seagr ass bi oma s s t for all three
s pec i es , com pared to the three southern un i mpac t ed stati on s (A, B, and C).
Th a l as s i a and Halodu l e b ioma s s d i d not di ffe r between t hermal and no r t h e rn
stat ions ( F and I j 0 and G, respect ively), but Svringod i um biomass was
significantly higher a t t he i mpac ted Stat i on F than at the northern Station H.
Previous monitoring studies at the Crystal River complex have not considered
b i omass of each species o f s e a g'r as s separately (e .g., FPC 1978; 1979), or onl y
cons ide red biomass o f Halodule, since i t is the only species of seagrass found
i n the discharge area ( FPC 1 98 1). The past Cryst al River monitoring reports ,
ho weve r , show the s ame general t r ends s ee n i n this study: l ower s eagr as s
bioma ss i n the dis charge area compa r ed to t h e southern are a ( the regi on s ou th
o f t he i nt a ke ca na l) .

Al l three spec ies o f sea grass chos e n fo r i nt e ns i ve monitor i ng d i splayed the
s ame type of annual hiomass trend: SUTI11lc r maxima and winter minima. The
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t hermal e f fects f rom the effluent plume are likel y t o be more pronounced
dur i ng t he summer when t he organ isms are norma l l y expos ed t o na t ur al water
t empe r a tures c loser to their t herma l t olerance limits .

Li ke biomass, sea gr Bs s product ivity was signi fi can t l y l ower in t he discharge
area than i n the s outhern area. Al l thr e e species of seagr as s showed highes t
productivity at t he three southern s t ations. None of t he thermal stations
differed from any of the respec t ive northern s tat i ons, s ugges t i ng tha t
thermal effects a l one are not entire ly responsible for the depres s ed
productivity. None of the previous monitoring studies conduc t ed at Crystal
River s pecifically ex amined seagraas productivity. Zieman and Wood (975 )
showed that Thalassia produc t i vi t y (gm/m 2 /day) decreased linearly with
increasing temperatures above 32oC. Thalassia has a temperature optimum for
productivity of 28-30o

C ( Zieman and We t ~el 1980) . Seagras s produc tiv i ties in
the present study exhibited Bummer maxima and wi nt er mi nima for al l t hree
s pec i es of seagrass. Product ivit i es during t he wi nt er were more simi lar in
the t herma l area and in the northern and Bouther n control areas suggesting
that thermal e f fect s of the plant discharge are more pronounced during t he
summer.

Shoot densities of all t hree seagrass species were significantly higher at the
three southern i ntens i ve monitoring s t a tions ( A , B, and C). The northern
Halodule Stat i on G had a significant ly higher s hoot density than the t herma l
Station D. Shoot dens i t y of Syringod ium at t he t hermal Station E was
significantly higher than at t he northern Station H, whi le Tha l as s i a shoot
densities at thermal and northern stations ( F and I ) did not differ. Shoo t
densities did not show as pronounced an annua l t r end as biomass and
product ivity .

Percent cover of Halodule did not di ffer among the three intensive monitor i ng
stations ( A, D and G), while cover of Syringodium was s ignifican tly higher a t
Station B than at Station E, whi ch in turn was significantly higher than cove r
at H. Thalassia per cent cover was not tested among s t a t i ons . Pr evi ous
monitoring reports a t Crys tal River have principally used percent cover
es t ima t es t o monitor t he s ea gr ass and macroalgal communities in the ar ea .
Thes e report s (FPC, 1978; 1979; 1980; 1981) ind icat e that Halodu l e cover is
reduced in t he area immediate ly adjacent to the mouth of the discharge canal,
but that in general Halodul e co ver does not differ between impacted and
cont r o l areas. Syr ingodium and Thalassia, however , were generally not foun d
i n the inner dis charge area (van Tine 1977, "Basin 1") and t ypically exhibited
higher cove r sout h of the intake can a l. Simi lar tre nds were s een i n t he
present study.

The seagrass coverage de pi ct ed in t he macroph yt e maps general l y suppor t the
quantitative data, seagrass cover be i ng greater i n t he s outhern part of t he
Crys t a l Bay area . The area i mpact ed by t he t hermal plume was devo id of
macr ophy t es, al ong wi th the area around t he mouth of the Cro s s Florida Barge
Canal .

Seasona l l y, pe r cent cover tenced to be signi fi cant l y higher duri ng t he s ummer
mont hs f or t he three s pec i es of s eagraB8. FPC ( 1980) r e ported wint e r cove r
maxima (December> i n t he Bouthe r n contro l and di s cha r ge areas of the Cryst al
River Plant, while FPC ( 1981) reported f a ll ( Se pt ember) cover maxima in t he
southern area, with no appreciable s easonal cover changes of s eagr as s es in the
discharge area.
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Macroalgae

Algae may be better indicators of t herma'i stre:.-:r :ch tu ; ,E.e a. g r as s es , s i nce the
bur i ed r h izomes o f seag rasses mel)' be .p r o1.e c c.ed 'f 'r om t.he rma l e f e c t a by t he
sed i men t ( Zi eman and Wood 197 5 ) . I n ·pa n i c-u I a !'.. Z i e;nan ( pe r s , comm.) has
noted t hat t he r h i zo phy t i c gre e n alga e (meuibe 1:'b of 't he orders Si pho nales and
Dasycladal es ) are es pecially sus cept ible to thel'.t a l :s'tr e s s .

In the present atudy,rhizophy tie alga l di ve rsity {n umbe r of species ) was
lower at all the thermal at ar i on s (D, E, and F) compared to the southe rn
stations (A, B, and C). Howeve-r, the northern st a t i on s also supported f ew
s pec i e s of these algae, once again suggestini that other fac t or s , i n additi on
t o thermal stres s, are regu lat ing s ub me r gen t macrophyte commun i ties in t he
a r e a .

Rhizophy t i c a l ga l biomas s (g dry wt / m2) at the nine i nt e ns i ve moni t o t' i ng
sta tions was tested stat is tically. Stat i on E had s i gnific an t ly h igher al ga l
biomass than any other station. No ot he r clear station t r e nd was eviden t.
Rh i zo phy tic algal biomass was s i gn i Ei c en t Iy higher during the sUllllllerl fa ll
period. Van Tine (1977) noted t ha t very few species of siphonaceous green
algae (Caulerpa app., Ud o t e a app.) were f ound in the discharge are a of the
Crys t a l River Plant. Othe t' moni to ri ng studi es a t thi s s ite d id no t consider
rhizophytic a lgae (FPC 1978 ; 1979 ; 1980), but FPC (981) reported t ha t
si phonaceous algae did not occur in t he dis ch a rge 3t'ea of t he plan t . Ziema n
a nd Wood (1975) no t ed at Tur key Po i n t that, in a t'eas mo s t s e ve r e l y i mpa c t ed by
thermal addition, the seagrass /macroalga l c ommuni t y was r eplaced by a blue ­
green algal mat. This phenomenon was a l s o s een at Crystal River in the
Basin 1 section of the discharge canal.

Drift alga l diversi t y and b iomass were no t mea sur ed i n t he pr e s ent study . A
genera l i mpr e s s ion was that a grea ter numbe r of spec i e s of dri f t a l gae we r e
f ound south o f the i ntake cana l . Drift algal percen t cove r was h i ghes t in t he
southern pa t' t o f the Crystal Bay study area ( Station B) , but no other clea r
perce nt cove r t r e nds were evident from t he pe r cent cover a na l yses. St e idi nge r
and Van Breedveld (1971 ) showed t ha t the discharge area of the Crystal Rive r
Plant supported f ewe r species of algae than the reat of the Crystal Bay area.
Van Tine (1977) also showed that the thermally i mpa ct ed area of Crystal Bay
supported a lower number of species of all three divisions of a l gae:
Rhodo phyta ( r ed algae); ChLo r ophyta ( g r e e n algae) and Pha eo phyta ( brown
algae) . He also showed that algal biomass wa s lowe r i n the impacted area.
FPC (I981) showed that dri f t red and brown algae were e xcluded f rom th e
Cr ys t a l River Plant discharge area.

In summa ry , the da t a and ob s e r va tions collec t ed in the pr e s ent s tudy suggest
that the thermal effluent from Crystal River exerts a negstive effect on the
se a grass and macroalga l commun i t ies in t he i nne r par t of the d i sch arge are a
( Baain 1) . The t hermal eff e c t s ap pear t o be more mode r a t e in the outer par t s
o f the dis char ge area ( Basin 3) . Howeve r , o ther facto rs are i nfluencing t he
submergent macrophyte communities in t he study area and the da t a gather ed i n
the present s t ud y cannot dis tinguish between these different f actors . Thu s ,
the observed t r e nds i n macr o phyte b i omas s , perc ent c ove r , etc 1 cannot be
at t r i bu ted sole l y t o t he e ffec t s of therma l add it i on. Increa s ed turb idity and
s ed i men t a t i on , some of whi ch may be due to the ou tflow cur r e n t f r om t he
discharge ca nal, may be exert ing a negative effect on the macrophyte
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COl!.lmuni ties in t he dischar ge area. The selection -uf the t hr ee nor t he r n
i n t ens i ve moni toring stati ons (G, H, and I ) in the region of the Cross Flor i da
Bar ge Cana l ( CFBC) represented an a t t empt to di s t inguis h be t ween potent i a l
turbid i ty a nd sedimen t l oading e ffec ts and any thermal e ffect, bu t the
s t atis tica l analys es of t he da t a f a i l ed t o di ffere n t iate be twe e n stations
l oc a ted i n the thermal and northern areas. Dec r eased light leve ls (as s ociated
with i ncre as ed wate r turbidity) and increased s edimen t ation ar e suspec ted o f
ca us i ng declines in seagrass coverage (Zieman 1982) . Other fac t or s
influencing the seagraas and macroa Lga l commun i t i es in the study area are
nutrient concent rat ions in the water column, s ed i men t type and depth and
s alin ity change s assoc i a t ed with fres hwa t e r influx .
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TABLE 6.3- 1

SEAGRASS DIVERSITY (NUMBER OF SPECIES) AT THE
INTENSIVE MONITORI NG STATIONS

AUG. SEPT. OCT . DEC . JAN. MAR. APR. MAY JULY AUG.
STATION 1983 1983 1983 1983 1984 1984 1984 !lli. 1984 1984

A (40) 3 3 4 4 2 2 1 1 1 2

B & C (47) 3 1 4 3 2 3 2 2

D (27) 1 1 1 1

E s F (33) 4 4 4 4 4 4 4 I. 3 3

G (3) 3 1 2 1 3 2 2 2 4

H (9) 1 2 2 2 2 4 3 2 4 3

I (4) 2 0 2 2 2 3 2 2 2 3

A-I Intensive Monitoring Station

(40) Corres ponding Ground-truthing Station



TAB LE 6.3-2

SUMMARY OF THE AN OVA ANALYSES OF THE SEAGRASS DATA

Ti me
(Sampling Dnt e ) Sta t ion

Bot tom
Temperature

Bottom
Extinction

Coefficient
Bottom

Salinity
Bottom

pH

Bot t om
Di s s o l ve d

Oxygen

Halodul e

BM ** trll' NS NS * ** NS
SD ** trll' NS NS NS NS NS
PR ** ** NS NS NS * NS
PC ** * NS * NS NS **

Tha las sia

BM 'k'k ~e NS * NS NS NS
SD ** *'Ie * NS NS ** NS
PR ** *:-Ir NS NS NS NS NS
PC **

Syriogodium

BM ** ~~ NS NS NS NS NS
SD ** ~.. '* NS NS NS ~S

PR .... 'Irk NS ** NS NS NS
PC ** 'k'k *-It NS ** NS *

All Se ngr nas e s

BM ** *,Ir NS NS * * N:'~

SD ** " 'Ir '** NS NS NS **
PR *'* *'* NS NS NS NS NS
PC

?
BM ~ bi o~mas s ( g dry we i 2ht / m- )
SD - shoot density (11m ) 2
PR - productivi ty (g dry wei ght/m / day)
PC - percent co ver

* - s i gn i f i c ant at P 0 .05
** • s i gni f i c ant at P 0. 01
NS .. no t s i gn i f ic a nt

.. pa r ameter lIot t e9t ed



TABLE 6.3-3

ANNUAL MEANS, BY STATION AND SAMPLING DATE,
FOR THE HALODULE DATA I

BIOMAS2 PRODUCTlrtTY
(g dry wt/m ) (g dry wt/m (day)

MEANS MEANS I

SD N STANDBrO SD N AVEGROW

2 10 12.4800000 2 9 . 0.30952381

3 15 12.0960000 3 9 0.08974359

4 10 9.2480000 4 5 0.04285714

5 15 . 0. 6986667 5 9 0.08241758 .

6 15 0.7893333 6 9 0.02941176

7 5 0.5120000 7 8 0.05416667

8 15 2.7840000 8 9 0.08547009

9 15 4.0213333 9 9 0.10101010

10 15 12.5013333 10 8 0.38025210

STATION N STANDBrO STATION N AVEGROW

A 40 12.8400000 A 26 0.19884049

D 45 2.8373333 D 26 0.08899460

G 30 2.3973333 G 23 0.10800504

PERCENT COVER SHOOT DE~SITY

(No./m )

MEANS MEANS

SD N PC SD N BDEN

2 30 47.3666667 2 21 790.47619

3 21 35.9523810 3 21 633.33333

4 15 51.0000000 4 14 1371.42857

5 21 28.0000000 5 21 647.61905

6 17 11.8823529 6 21 709.52381

7 13 10. 7692308 7 21 509.52381

8 17 7.6470588 8 21 1119.04762

9 8 5.2500000 9 21 1490 .47619

10 16 53.8750000 10 21 2371.42857

11 12 14.6666667

STATION N PC STATION N BDEN

A 27 33.9259259 A 63 1425.39683

0 92 31.7934783 0 63 750.79365

G 51 26.3137255 G 56 996.42857



TABLE 6. "j - '"

ANNUAl. MEANS, BY STATI ON AND :SAMPLTNC OAT-E ,
FOR THE SYRINGODIUM DRr ~

BIOMAS2 . PRODOG13'pTY
(g dry wt/m ) '( ;;, -d.r.v -;;it / u /day)

MEANS .~!E ' C'1.-.

SD N STANDBIO SD N AVEGROW

2 15 10.2613333 2 6 0.41666667
3 15 14 . 8266667 3 7 0.16483516
4 10 13.3760000 4 6 0.25595238
5 14 11. 7314286 5 9 0.16559829
6 14 7. 3028571 6 9 0 . 03819444
7 15 7.2320000 7 7 0 . 09047 61 9
8 15 3.5466667 8 9 0.23041311
9 15 19.9786667 9 9 0.46969697

10 IS 24.778666 7 10 9 0 . 73046398

STATION N STANDBIO STATION N AVEGROW

B 45 24 .7680000 B 27 0. 4741 8589
E 45 9.2195556 E 20 0 . 27076476
H 38 2.1094737 H 24 0.09641170

PERCENT COVER SHOOT OE~SITY

(No. !m- )

MEANS MEANS

SO N PC SD N BDEN

2 20 16. 6000000 2 12 512 .50000
3 11 12.8227273 3 12 787 .50000
4 13 39. 2307692 4 8 837. 50000
5 20 30.8500000 5 12 775.00000
6 23 43 .7826087 6 12 683. 33333
7 23 30.3260870 7 12 712 .50000
8 17 23 . 529411 8 8 12 820 . 83333
9 26 22.5384615 9 12 1070 .83333

10 23 45.8695652 10 12 1254 . 16667
11 17 15 .1764 706

STATION N ., PC STATION N BDEN

B 85 38 .9647059 B 36 1188 . 88889
E 84 23 . 9053511 E 36 740 . 27778
H 24 11.8125000 H 32 520.31250



TABLE 6.3-5

ANNUAL MEANS, BY STATION AND SAMPLING DATE,
FOR THE THALASSIA DATA

BIOMAS~ PRODUCTI¥ITY
(g dry wt/m ) (g dry wt/m /day)

MEANS MEANS

SD N STANDBIO SD N AVEGROW

2 15 21.4613333 2 9 . 0.41269841
3 15 19.8826667 3 9 0.16666667
4 10 16.6720000 4 6 0.26190476
5 15 10.3306667 5 9 0.13431013
6 12 6.0266667 6 9 0.04963235
7 15 3.6693333 7 9 0.06481481
8 15 2.9333333 8 9 0.19764957
9 15 11. 8720000 9 7 0.51948052

10 15 34.1120000 10 9 0.64752568

STATION N STANDBIO STATION N AVEGROW

C 45 30.0088889 C 25 0.38454299
F 44 6.7181818 F 27 0.24320132
I 38 4.1305263 I 24 0.17031086

PERCENT COVER SHOOT DE~SITY

(No./m )

MEANS MEANS

SD N PC SD N BDEN

2 10 62.8000000 2 12 412.500000
5 9 41.6666667 3 12 500.000000
6 8 44.1250000 4 8 443.750000
7 9 6.6666667 5 12 620.833333
8 9 23.1111111 6 12 562.500000
9 10 22.7000000 7 12 537 .500000

10 10 25.7000000 8 12 487 .500000
11 2 1.0000000 9 12 566.666667

10 12 666.666667

STATION N BDEN

C 36 715.277778
F 36 443.055556
I 32 440.625000



TABLE 6.3-6

SPECI ES OF MACROALGAE COLLECTED
R .. RHIZOPHYTIC ALGAE, ALL OTHERS ARE CONSIDERED DRIFT ALGAE

Division Chlorophyta
Order Ulvales

Family Ul vBceae

Ent er omor pha i nt es t inal is
Enter omorpha compresaa
Ulva lactucB

Order Siphonales
Family Caulerpac ea e

Cauler pa
Cauler pa
CBulerpa
Caul erpa

hm d " · Ras ea l.LR
prolifera R
pas-paloides
mex~ canB

Family Codiaceae

Codium taylor i R
Halimeda incrassata R
Penic illus capitatuA
Udotea conglu ti~ta

Udot ea fl abe llum

Order Dasycladales
Family Dasycladaceae

" ~ RAcetabula r18 crenu a ta
Bata phora oerscedi

Division Phaeo phy t B
Order Ectocarpales

Family Ectocarpaceae

Ectocarpus 8ilicu1Q8u5
Eccocarpus intermedius
Gif ford ia mi tche l l i ae

Or der Dictyotales
Family Oictyo taceae

" • • RPadLna vlckerS1ae

Order Fueales
Family SargaB saceae

Sargassum fili pendula



TABLE 6 .3- 6 '( Con t )

Divis i on Rhodophyta
Or der Gel idiales

Family Gelidiaceae

Pterocladia americana

Order Gigartinales
Family Gracilariaceae

Gracilaria debil is
Gracilaria foliifera var. angu stissima (- G. t ikvahiae )
Gracilaria verruc:osa
Gracilaria s joestedtii

Family Solieriaceae

Agardhiella tene r s

Family Hypneaceae

Hypnea mU8c iformis
Hypnea cervicornis

Order Rhodymeniales
Family Champiaceae

Champia parvula
Lomentaria bai leyana

Order Ceramiales
Fami ly Ceramiaceae

Cent r ocer as clavulatum
Centroceras unidentified species
Ceramium fast igiatum
Spyridia f ilamentosa

Family Rhodomel aceae

Acan t hophora sp i cifera
Chondr i a cn icophyl la
Chondria sedifol ia
Chondr i a tenuissima
Digeoia simp lex
Laurencia intricata
Laurencia obtusa
Laurencia poitei
Polysiphonia subtilissima
Polysiphonia ramentacea



Fami ly Dasyaceae

Daaya pedicellata
Daaya ramossissima

TABLE 6.3-6 (Cont)



TABLE 6.3-7

RHIZOPHYTIC ALGAL DIVERSITY (NUMBER OF SPECIES)
AT THE INTENSIVE MONITORING STATIONS

AUG. SEPT. OCT. DEC. JAN. MAR. APR. MAY JULY AUG.
STATION 1983 1983 1983 1983 1984 1984 1984 1984 1984 1984

A (40) 1 3 2 1 0 0 0 0 1 1

B & C (47) 5 3 4 4 2 5 3 3 4 3

D (27) 0 0 0 0 0 0 0 0 0 0

E & F (33) 1 1 1 1 1 1 2 1 1 0

G (3) 0 0 0 0 0 0 0 1 0 0

H (9) 0 1 1 1 0 0 1 1 1 0

I (4) 0 0 1 0 0 1 1 1 0 2

A-I Intensive Monitoring Station

(40) Corresponding Ground-truthing Station
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CRYSTAL RIVER 316 STUDIES

MACROPHYTE MAPPING

SUBMERGENT VEGETATION

ALL SUBSEQUENT FIGURES TO SCAL.E INDICATED BEL.OW:

0.5 0
E3E3E3j

SCAL.E 1: 18 000

SOURCE: COLOR INFRARED VERTICAL AERIAL. PHOTOGRAPHY 26 OCT 83

22 NOV 83

COMMUNITY DESIGNATJON

S -SEAGRASS

A-ALGAE

Q-UNVEGETATED

SA - SEAGRASS AND ALGAE 100AQRAI O DOWINA HT)

AS . ALGAE AND SEAGRASS (A L.QAD DO MINANT )
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FLORIDA POWER CORPORATION
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FIGURE 6 .3-5

SUBMERGENT VEGETATI
SUBSECTION ON COVER IN

3 (SEE FIGURE 6 .0 "'2).
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FLORIDA PO 316 ST UDIES
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FIGURE 0,8-4

SUBMEROENT V EGETATION COVER IN

SUBSECTION 2 (SEE FIGURE 6,3-2).

CRYSTAL AIVER 316 STUDIES

FLORIDA POWER CORPORATION



..'

'::".

. : ' ,
, ~ ,

.'
"

I , , \

I,
" I

, ;

" ,

;
. !

'"

,.
\

..
, "

"

1' 1

, ,

< • • '

.r

• t '
' \

..
---...... ....---""

"
I

"

r
J

"

"

"": '\

~

e '
~

, : '

, ,

f l
', )

' '', J

~, i?rrr
" ,, '

1 '
I '

, '1 *
":, \ '

' ,, , :: ;."
, ,

', ' I ' "

" .:

'f "

"

.I, ;

" ::: ', ",
J ' • ~ <

"

.I :

j : ~ >, ,

, : ' I ,
l :
I .!.. ~,~ .

: "

".

' ,'
"

..

i; " j " f

AbundC\n+ " i

"

"

. 1

" ,

",

"

" , ~ . l

f : ::; ,
~ ,

" .

, , '

I :

, ~ ' t •

j ' :

." ",

I "

"
" .~~~

~ poi l

:, "

:. , "

' ' '\ .
; "

, ' ,

I I ; ' ,

. , • .•' <"

> '1: ,

', , " t >,

" ~ <'

. :

" .

' /

"

: ,

I ~

"

i
- --,.,-- .....--r;

\,, -"',_3_'j ?i~ !lJ ...
- , ~~' "

~8

~



(JJ
rg

'~
ZJ "

Ho.\ophilo eY\~\m~nii

~
~



. ..'

"

.' .
. , .

, . .
t

,

. ,

I

."
• I

• I

,. . '

~ . ' ,

-

. .
~ t· . •. • .

, .

------------------_.:.-- --



. .. .

----



,"

" .

.:

-

IDTIU1 Abu Y'ldo(l1-

He \ Op~' 1 \0. .e~e.'Ynan i" 9pri "'J Di5c\--a~e lq1

I Y') n e.(" Bo.y

1 .

/

,.: t:l

;' 4,. .

- - - -:...-_- - ----,...-::..-::-:--------

. '

.. ...

i .. .



' I .•

DISCHA RGE:'" C.ANAL
-_._-----------------------_-:..--_---------

DIPLANTHERA WRI GHTII

PI SCHARGE - INNER BAY /973 SPRiNG



/

(c) 73

y
i

, - . .
q.

!J

lo ra. ( ~2
. 1.110 1)1/1"'5 I

~I 111 t

r..,'. .....
• •• "'" I ,

~ ". . .

,
i

J
/

. ,

..

--------~



. , I' ,

' ..;. "
. .

.(}

.'t . •

..

, .
..

• I

l. .

-------

, .
• f

I I ' . . ,

"

" , ' ..... , . .,
"

I',~ .

. '

.. ,~

. ', I

- ..., . ....... .
r T .



: .HQloph;\a .e1:l3" 1""'0n(i 5prj ns.Oisa.hQr5<a m3 . . ,
: . ._ .. Midd Ie. ~y

- _Presen+

. ,." . If q
•
". .
.. .

"

"

~'

. .

"



c.:
~

o

o

o

FIGURE s.a-e
S(JBMERGENT VEGETATION COVER

IGURE e.3 ~2)SUBSECTION 4 (SEE F

CRYSTAL RIVER 316 STUDIES

FLORIDA POWER CORPORATION



s s

o

o

o

:~:~:::~:~ VEGETATION CO VER IN

(SEE FIGURE 6. 3-2).SUB SECTI ON 5

CRY STAL RIV ER 316 ST UDIES

POWER CORPOR ATIONFLORIDA

AS S

o

o

o

o



s

FIGUR E 6.3-6
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