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GULF OF MEXICO 121 

FIGURE 34.-Sr~rface ocean currents in the Gulf of Mexico in June. 

Conclusions concerning currents set up by thr 
i wind are mostly based npon theorc.ticn1 consider- 
ations. A few observations have been mndr in 
Inndlocked bngs to show the piling up of wntrr by 
the wind. However, in tllc open ocenn no sys- 
tematic dntn are nvnilnble. Tllc drilling plnt- 
forms off the Gulf const permit the accumulntion 
of data which will make possible n practical 
annlysis. 

The currents rclntctl to the <listributiori of 
density ar r  tile major sc~nipel~manont currclnts of 
the occnns. I,ittlc is known about tlicse c u ~ . r ( ~ ~ ~ t s  
in the Gulf of Mcxico. Thc chicf source of infor- 
mation is the pilot charts of the United Stntcxs 
Navy Hydrographic Office (figs. 34 nnd 35). 'I'liose 
arc based upon t>hr navigation records of tlw ships 
sailing in the Gulf over many ycnrs. 'I'licy do  
indicnte the> gcnernl drift in various rcgio~is, brrt 
the indivitlual obscrvations upon wliicli tlicy arc 
based are subject to many errors. For csamplc, 

the deviation of n ship from its course may bo 
caused by the wind rather than by the current. 
Also, i t  is difficult to det,erminc positions a t  sea 
accurately. A survey of the pilot charts for the 
Gulf indicates that thcsc mny not drsc*ribe all of 
the currents present,. 'Fhry show waters flowing 
into the wcstcrn pnrt of thc aren nt nll latitudes 
but no water flowing out. 'I'his situnt ion cannot 
mist unless tll(brc3 is n submnrinc rcltunl current of 
equal mugnitudr, wl1ic11 scacms ~lnliIi(~ly. 

In  thr tlcrp wntrl-s, cli~*c'c*t obscx~.vntion of current 
vclocaitics lins b c ~ n  nlrnost i~npossiblr lltltil recently 
bccn~lsc. of difficulty in anchoring vessels. Ac- 
cordingly, few such o\)scrvntions have been made. 
Instead, ocranographc.rs have drvcllopcd a method 
based upon princ*iplcs of pllysics. By use of this 
method tllc ocbcnri curl.cnts prosent Inny be 
infcrrcd from tI1c. tlistribut,ion of dcnsity ns dctcr- 
minrd 1)y ~*clntivc.ly sirnplt. 01)st~rvntions of tem- 
1)(~rnt11rt~, salinity, nnd prrssurc. 'I'\\*o forces ngain 
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FIGURE 35.-Surface ocean currents in the Gulf of Mexico in December. 

are involved, one of these being the Coriolis 
force and the other the "pressure force" which is 
a force that depends upon the water density 
distribution in the earth's gravitational field. 
The pressure force tends to make water flow from 
a region of high pressure toward a region of low 
pressure just as water pourcd into less dense oil 
will flow outward from the point a t  which i t  is 
poured. When the movement related to the 
pressure gradient has begun, the Coriolis force 
acts toward the right of the movement in the 
Northern Hemisphere and the resulting equili- 
brium between the two forces is associated with a 
steady current flowing almost perpendicular to a 
line connecting the regions of high pressure and 
low pressure. This flow is such that  in the 
Northern Hemisphere the more dense water is on 
the left of a person standing with his back to the 
current and the less dense water is on his right. 

Since temperature is one of the major factors 
influencing density, i t  may be inferred that the 
cold water is on the observer's left and the warm 
is on his right when he is standing as described 
above with relation to the current. Thus, lie 
can tell something about the currents if he lrnows 
the distribution of temperature, or he can tell 
something about the temperature if he knows the 
distribution of currents. 

There arc n number of difficulties which arise in 
applying the current computation method. These 
occur partly because the basic assumptions under- 
lying the theory are not always fulfilled. How- 
ever, despite these difficulties the method has been 
found t,o he the one uvllich provides the most 
information for a reasonable amount of work. 
I t  is not known how accurately the Gulf currents 
in deep water may be determined by this method, 
but there is reason to believe i t  to be the most 





OCEANOGRAPHIC CRUISES 

* REU080TH-1950 

O SAN PABLO-1950 

F I C ~ R E  36.-Hydro~aphic stations in Gulf of llexico. 





F I G ~ R E  37.-Crui~e plan for L-. S. Fish and Wildlife vessel Alaska, September 1950. 
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FI(;I.RE 39.-.lvers~e sea surface temperatures for February (after Fuglieter). 
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Frcr-RF 41 .--Regions where comparative studies of sea temperatures were made. 



F I G C R E  42.-(L-p1)~r lr . f t ,  l)i-.tri+)~~tion of avai!atb!c bath>-thprrnc 111ary. February, \ larch. 1911 th ro~ lgh  104!+. (L-ppnr right I D ic t r ih~~ t ion  nf available 
ha!hyth~rrnoeram- Apri!. \Yay, .II~T!P. 1'11 I rhror~eh 1'4 le f ts  D i~ t r ihv t ion  of availah!rt hatiytherrnoera!r~u .11~ly, A r ~ q ~ l c t ,  S e p r e m b r ,  l 0 t l  

LG throueh 1'44'4. (Lou-rr right .ion of a v a i : a h l ~  hathyt  h e r r n o q a m ~  O c f o t . ~ ~ ,  Tovernhsr, DecernbPr, 1911 t h ro~ leh  194CI. P - 
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FIO~IRE 44.-Stationu established by Riley (1937) in the northern port,ion of the Crr~lf of Mexiro. 

SURFACE PHOSPHATE CONTENTS 

FIOIJRP: 45.-Dint,rihntion of phosphates in the w a t ~ r s  of the northern port,ion of t,he Cir~lf of Mcxiro. 

l'hc later work by Riley (1938) was (lone in thc 
Dry  'J'ortr~gns a t  thc rnrl of thc chain of thc 
Floritla Kcys in thr  rastcrn part of thc Gulf. 
Flcrr the wstcr wns shallow and with no influcnrr 
of land drninagr of any cbonsrqllrnrr. Somc 
samplcs were takcn nt t h r  rtlgc of t tic ( h l f  Strcnm, 
hut  most, of thcm wcrr tekcn n t  two r r*g~~lnr  
atrttions hct,wcen ~f l#gt~rhrnd  KCY find Gnrtlrn 
Kcy. I'lnnktnn samplrs wcrc ohtninctl t)y alrving 
400 litcrq of wntcr throrlgh n No. 20 sillc n r t ,  nntl 
a scrontl sct of samples was ot)triinctl hy f i l tc~ing 
from 3 to 10 liters throrrgh n Whstmnn No. 2 

filt,rr paper. T'n.rt of cn.c.h nc~t, snmplc wn.3 strltlirtl 
for nllmhcr of nnimnls prearwt,, for pln.rrktori 
wrigtrt,, an0 for orgnriic: mat.crinl wrigl~t., wlril(* 
tht* rnmnintlcr wn.9 ~t,~ltIic(I for t,Iic c~~ln.litity 01 
plant pigmcnt,~. It, wns follntl t,lrn.t, t l ~ r  plant 
pigmrnt s of t,hr not pltl.nkt,on ronat i t  11 t ctl Irg. 

thnn 2 pcrctan t, of t,lin.t oc~cl~rring in t l r c t  f i l  I ~rtatl 
sn,mplca. ' ~ ~ I I R ,  t.hc mrn.n vnluc. for the* nrt plnnk- 
t,on wns 17 1lnrvt.y unit,a ptbr m.", wl~i lr  t,lic nvrrnpl  
for thc t,ot,n,l pln,nkt,on wn.s 024 1ln.rvcy l~riits I W I '  

r r ~ . ~ ,  intlit.n.t.ing n vcry l ~ i g l ~  proportion of 1lri.n- 
noplnnktnn. 'rlrc totnl cl~~ti.rrt.it,y of pln.nklo11 



GULF OF MEXICO 

SURFACE CHLOROPHYLL CONTENTS 
n r l v c v  UNITS C I I  ~ l l C l  

Y r l C n  10-11 

F~nrrn~:  46.-Di~trih~~tion of plant pigm~nta in  tho nntcrq of tlir norther11 portion of thr Gulf of hlcuiro. 

was much lrss t,linn t # l~n t  t.o h r  folrnrl in most, 
higlirr Int,it.~~clrs, t,hc n r t  plnnl~t~on 1)cing n.p- 
proximat,rly 1 prrernt  of t,hc spring ldoon~ (.on- 
tlit,ions in t,hr English (111nnnel. 'I'hc. t'ot,nl 
chloroph.vl1 nt t.hr sttnt,ion t,lint, 1n.y ~Iose~st.  1.0 
Iloggrrhrnrl Kry  (it, wn,s the. Irss prodrrrt,ivc of 
Itilcby's t.wo ma,in st<nt,ions) wti,s on1.v ti.l)out. 4 
prrc.cnt of t,hr summer crop tlrt,rrrninc-tl Ily t.111. 
snmr nnt,hor in IJong Isln,ntl Sol~ritl hy simi1n.r 
mct,llotls. 

Itilry (1938) nlso nt,ttrmpt.ccl t,o st.ut1y prodl~r-  
tjivitJy nntl limit.ing fn.ct,ors in procl~~ct.i\~it~y hy 
mcnns of oxygen tlrt,crminnt.ions in srn, wn,t.c>r 
~nmplcs  t.hnt, hntl htxt>n c.onfinctl in wliit,~. n.nd dn.rlr 
l)ot8t.lcs. 'I'o some of t,hrsr, ~iit.rn.t.os 11.ricl phos- 
phnt,cw 11n.tl 1)ccm n,d(lc*d. 1lr folrnd t.11n.t~ ill Ill(. 
wnt,cars of the. 'I'ort,r~gn.s rclgion t lie ni1,rnt cts wc\rc1 
more imporl.nntt tdrn ,~ i  th r  pliospl~n.t,rs ns limit'ing 
facttors in ph y t,oplnnl<t.on proclr~c.t ion. 

I'nrr (1939) rnn.11~ n, qi~nnt,it,a.t~ivr st.r~dy of 
prlngic spchrirs of I'3nr!lnss?~m in t.hc wc~sl~rrrl 
Nort.11 Attlr~nt,ic, t,hc* Cl~vil)l)cnn S~tt ,  Clnymn.n Se.n, 
nntl talic ( ; r ~ l f  of Mcbxico. Sn.rnplcs w c v  ol,t.n.inrti 1)y 
clrn,gging n sprc.in1 nct, n,t t,lic' s~~rfn,c:c of t,hc* wn,t,car 
whilv t,lir Atlonlis wns t.rnvt.ling from st,n.t,ion lo  
stnn.tjion on hydrogrnphic rruisrs. For t-ti.e*li stimplt*, 
t,llc cv~t~ch wn.s sort.reI n.s t,o s p r r i r ~  n.nd wrighc~l on 
t i  I .  Within t,he Gulf of A4csieo propcv-, n. 
t,ot,n.l of 21; sn.mplrs wns ol,l.n.inrtl (luring t,hr spring 
1nont.ll~ (l4'c~t)rt1n,ry 1 f i  t,o April 13) of 1935. '1'0 
oI)t,n.in t.lirsc snmplcs, t.hc nrt, wn.9 tlrnggc'd t,lirol~gh 

t . 1 ~  wnt.cr for 1,330.5 miles. I'3nrgnsr?lm 1vn.s not, 
~lniformly dist.ril)~~t,t*d in t,llc C:lllf. 'I'lir outcr 
portions of t,hr Gl~lf  hn.d n vrry spnrrrc populnt ion 
of 1.11~ wrrd,  whcren.~, t h r  concrnt rn t ioir in t he 
inncr port.ion wns srcond only to t l i ~ t .  of the 
Swrgn.sso Sf~n,  i t,self. Pnrr (op, ci t..) cn~lcrlltkt re! tliat. 
wit lrin thr  rtyion of nl>undnnc.o, whieli 1rr tlrought, 
t,o occbrlpg n.i)oot. 90,000 squn.rc miles, tht3 crop of  
Snr!lnsa~rm n.nio~lnttvi to npproxinintc*ly 1 ton pr r  
squnrr milc. 

'l'lir Snrgnss?r~n crop, n. t  th r  t.imc1 of snrnpling 
in t8hc (:lllf of Xlrsico, \vns in vcvy poor physicnl 
rc>ndition, t,lrc pln.nts \)cling snlnll n,nd rnoril~r~ntl. 
'l'lw oc.currtbncr of t.lrr 11ln.ximr1m in 1.111. innrr 
portion of  t lrr (;111f, c-omplrtolY isolt\.tc\d 11s i t .  
wn.s from 1.1)~ prirnnry rnnsimum in tlic S11.rgtisso 
Srn hy n ~vitlc c~xprtnst~ of Srrrgnsaum-poor \vntclr, 
n.grcrs wi1.h thr  rc~n~rlts of Irytlrogrn,l)lric \vorlt 
~)r~ldisliod \by 1'n.r~ (1!):{5) trntl rrport rcl on cblsca- 
wl~crc. in t,liis 1)0(>1i, to t 1 1 ~  rffot*t t l l ~ , t  t l l ~ r ~  HI)- 
prnrs t,o 1 , ~  no g r ~ ~ t ,  ~ 0 l 1 r r i 1 1 ~  of  s~lrfn.e*c\ \vntcbr 
flon.ting from t,lic (:rrlf of Xlcsico 1.0 Ploricln 
St.rnit. drlring tllr pcriocl of c~snrninntion. '1'111~ 
nc>n.rly complrt,c isoln.tion of thc C:rllf m n x i m ~ ~ m  
from t,lict rnn.sirn~~rn of  tlir Sa.rgn.sso Sen is ti1so ~111- 

phn.sixt~cl by t hr  fnc:t tlrnt t.111- rpizon.n fnrlnti, in 1111. 

t,wo rrgions is vclry clifff.rc.nt. Vroln Iris 01)- 
scr\~nt.iorls, I'rarr (l!I:W') 1,rlic-rrs, ho\vc'rer, tlinl 
t81io (i111f e~c>rnrirrlnit~y is not n sr1f-s11stnilii1lg t ~ l l i -  

mr~ni ty  in t.Ir(. snrnr wn.y t.11n.t tIrr Stirgnsso Son 
comrn~rnit~y is. I l e  1)nsc.ti this 1)c.lic.f on 11rc1  conl- 
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84* 8 3- 82- 8 lo 
FI~*IIRP: 47.-f+tat,io11~ ~Rt,ahliuh~fl by .Iou~ph King i l l  Florida w c ~ t  rowt, wat,em. 



























GULF OF MEXICO 

FICIURE 48.-a, A relahularia crenulala, soveral plants, X 0.4 ; h, Cladophora ja~ciculnrir, a s~nal l  p o r t i o ~ ~  
of a t)rar~ch, X 0.8;  c, Bnleromorpha Jetuoea, nevoral plalrtn, X 0.7;  d ,  l'ertictllrtr capitalus, a you11g atid 
a rriatrlre plant, X 0.4; r, ('odizcnl dirholomtrnr, a sllrall p o r t i o ~ ~  of a rlr~rnp, X 0.2; f, Ulua lactirca var. 
riuida, a n i t ~ ~ l e  plant, X 0.4. I)rawit~gs by C. V. Cal~gemi. 
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FIGURE 49.-a, Dictyola ceruicornis, a small portion of a plant, X 0.7; 14 Halimeda opunlia, a small portion 
of a clump, X 0.4; c, Caulerpa Tacemosa, portion of a stolon with erect green branches, X 1.3; dl Colpomenia 
sinuosa, a single plant, X 0.4; e, Udolea jZabellum, a single plant, X 0.7. Drawings by C. V. Cangemi. 
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FIGURE 50.-a, Sargassum natans, a small portion of a plant, X 0.4; b, Laurencia obtusa, a small portion of a 
p l m t ,  X 1.0; c, Bostrychia montagnei, a small portion of a plant, X 1.0; d, Digenia simplez, a portion 
of a large plant, X 0.8; e, Gracilaria confervoides, a small portion of a plant, X 0.7.  drawing^ by C. V. 
Cangemi. 
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ence of its components from region to region and 
area to area, that it may be regarded as a single 
biome type." This is probably an extreme view, 
but in view of our ignorance concerning the 
bottom communities of the Gulf of Mexico, wt! 
cannot examine this question in detail here. 

I t  is necessary to emphasize, however, that the 
complex character of marine communities cannot 
be simplified by terminology. The dual character 
of that community which includes the various 
species of shrimp is an example. Both estuarine 
and neritic bottom communities are part of this 
complex which may be best regarded as elements 
in a major ecosystem transgressing the various 
environments in both space and time (Hedgpeth 
1953). For the purposes of discussion, several 
"major bottom communities" are recognized (fig. 
51). The four major communities recognized are: 
the oyster bottoms, the shrimp grounds, the coral 

reefs and patches, and the sponge grounds. The 
sponge grounds occupy roughly the same area 
as the coral patches west of Florida and may, on 
further study, be considered a subcommunity 
of the coral grounds. Segregs,ting these by 
physiographic or environnlenbal requirements, we 
have in the euryhaline-bay environment tho 
oyster community (and other communities); the 
shrimping grounds fall in the estuarine and neritic 
environment; while the coral and sponge com- 
munities are stenohaline-neritic. These are also 
working labels, simply describing as brieflyas 
possible the conditions in which the communities 
are found. 

THE OYSTER COMMUNITY 
Foremost among the communities of bay waters 

is the oyster community. This is not a continuous 

SHRIMP GROUNDS:.:% 

FIOURE 61.-Approximate location of major bottom communities in the Gulf of Mexico. 
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ATAGORDA B A Y ,  T E X A S  

- -- -- 3 ~ 2 0 ' ~ -  

after Moore,19130 PIT35'W 
L 

NEWPORT RIVER, N.C. 

0 

I 
'70C'/t't' w 

after Grave.1905 I 

F J ~ I J R F :  52.-Characteristic Gulf coast ovstcr r c ~ f s  from variolr~ RllrveY rcport,~ indicntcd, touethor with t l ~ o ~ c !  of 
N~wport ,  Il.ivrr, IVort.h Cnrolina. 
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FIGURE 64.-Pattern of distribution of organisms on jetties and sea wall in Port Aransas, Texas, West Summerland Key, 
Florida, and Beaufort, North Carolina. 

PORT A R A N ~ A S  
TEXAS 

5'- 
f J E T T Y ]  

The preceding description applies principally to aztecus. Renilla is no longer characteristic, but 
the grounds frequented by the commercial shrimp, one of tho, Astropectene is abundant, and two 
Penaeus setqerus. The recent change in the bivalves, Pitaria cordata and (Jhione clenchi, are 
shrimp fishery toward exploitation of the popula- much more sbundant than they are closer inahore 
tions of the brown or grooved shrimp, P. aztecw, on tho P. eelijerue grountis. The principal region 
has revealed some differences in the constitution occupied by  the pink shrimp, Y. duorarum, is near 
of the bottom communities frequented by P. Key Wcst across the Strait from Campecitle Bank 
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Fraunm 60.-Anemoncw from the northern corst of the Gull of Mexico. 



GULF OF MEXICO 

Ca2liactis tricolor Atptasiomorpha Zuctae 
R (on Hepatus ephe2iticu.s 

A i p t a s i a  
FIOURE 61.-Anemonea from the northern oowt of the Gulf of Mexico. 

abundant on hermit crab shells and oxyetome crab 
carapaces (fig. 61) in comparatively shallow water 
along the Texas coat.  Occaeionally, a specimen 
in found living in shallow water attached to some 
immobile substrate. The column is whitish, 
cream colored or brownish with darker vertical 
strip- and darker brown spota marking the 
cinclidee a t  the base of the column; the acontia 

are bright orange; the tentacles are pinkish to red 
with darker bandinsrp. The directives are often 
more deeply colored than the other tentacles. This 
is 8 common Weat Indian species. 
Aip)oria pallida (Vetrill). 

According to Car.v, this species (fig. 61) was 
common on the jettios at  Cameron in 1906; I 
have not seen it on Texas jetties but found it 
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. . . .... 

Alroran IlooP 

CORAL DISTRIBUTIOI 

FIG. 62-January isotherms and distribution of corals in the Gulf of Mexico 

prisingly few published records exist regarding 
the presence of reef corals in the Gulf of Mexico. 
The Alacran reef, described by Agassiz (1878, 
1888), the Veracruz reef, described by Heilprin 
(1890), and the Dry Tortugas and Florida Keys 
reefs, described by Agassiz (1888), Vaughan, and 
others complete the list. From these, and various 
unpublished sources, Joubin (1 9 12) prepared a 
map of coral reefs of this area. Data concerning 
patches of scattered coral heads are also shown on 
the U. S. Hydrographic Office Bottom Sediment 
Charts 1125 BS and 1126 BS published in 1943. 
All available records to date are indicated in the 
accompanying chart which shows approximate 
locations only. 

Except for reefs of the Florida Keys and Vera- 
cruz, published accounts of Gulf reefs are insuffi- 
cient to give an adequate list of species. The 
fauna . is nevertheless typically West Indian. 
Forty-two of the 51 species known to the West 

Indies have been recorded from Florida. Only 11 
of these are reported from Veracruz (Heilprin 
1890). 

The Caribbean reef fauna consists of about 26 
genera and 51 species (table 1). The species 
listed here include a number which are undoubt- 
edly varieties or growth forms, such as Acropora 
prolijera and certain species of Porites. They are 
included here, however, since they are recognizably 
different, and such a list is convenient to field 
workers who are more concerned with accurate 
and speedy identification rather than the some- 
times debatable questions of taxonomy. For 
purposes of identification, the handbook of At- 
lantic reef corals by Smith (1948) is most useful 
since it contains complete keys and descriptions 
and is well illustrated. For an authoritative 
monograph on coral taxonomy, reference should 
be made to Vaughan and Wells (1943) who pro- 
vide an extensive bibliography. 





























































































































































































































































































































































































































































































































































Map No .  1 

Sourter of Pollution and Existing Treatment f ~ t i l i t i t s  
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F ~ G ~ R E  73.-sources of pollution and existing treatment facilities. 



Map No.2 

Mrnitipal and Indartrial Pollstion Abatement Needs 

FIGL-RE 74.-lcfuniripal and industrial pollt~tion abatement needs. 




















































































