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Quantitative Underwater Study of 
Benthic Communities Inhabiting 
Kelp Beds off California 

By use of a Cousteau-Gagna11 Aqua- 
lung and a heavy-duty diving suit, the sea 
bottom off La Jolla, Calif., was explored 
during the spring of 1955 in an  attempt 
to assess the standing crop of the benthic 
animals and plants that live in association 
tvith the giant kelp, Macrocyst is  pyr i f c i .~ .  
This rnethod of investigation insurt,~ frce 
movement under Ivater and enables one 
to make more extensive observations r~f 
the submerged communities than one can 
by drrdging or by diving with a Rcl-
met (11. 

T h e  visibility a t  the bottom is largely 
limited b>-the depth, the density of over- 
lying kelp, the turbulence, and the 
amount of suspended matter in tht, water. 
Thus, on clear days at a depth of 20 m, 
the visibility ranges bct~veen I and 10 m. 

Cross sections of the sublittoral region, 
~vhich extends more ihan 400 1n from the 
lotv-tide level to the outer edge of the 
kelp bcds, were surveyed. T h e  organisms 
dwelling on the bottom Jvere analyzed 
quantitatively by the quadrant method. 
T h e  quadrants used enclosed an area of 
% rm'; for the larger kelp as \\,ell as for 
animals dispersed over ~4~idcr  areas, the 
number of organisms xvas counted along 
lines of 2- or 10-m length in different 
directions. 

The  results of this survey reveal a zonal 
distribution of the chief submerged plants 
and animals, which seem to be controlled 
chiefly by light and temperature. 

Thus, on the exposed rocks helow mcan 
low-\rater spring tide, a community domi- 
nated by the sea grass Phyllospadix scou- 
lcri flourishes best under surf conditions 
and extends d o ~ r n  to a depth of abo11t 

Table 1. Standing crop (average fresh 
weight) of the coralline community at 
different depths below mcan sea level. 

Total
Depth Plants .4nimal~ wt. 

( m )  (g/m2) ( d m Z )  ( e / m 2 j  

7 m, covering 80 to 100 percent of the 
rock surface. Ipiphytes on Ph3'llospadix 
consist largely of P o r p h y m  naiadzina var. 
australis, Melobesia mcdiocris ,  and Ecto-
carpus granulosus; Call i thanzmion cali-
joruiczinz and C e r a m i u m  pacificuna occur 
as secondary epiphytes. This community 
is poor in animals, and--apart from 
Membranipora ,  Caprel la,  hydroids, and 
a f e ~ r  small snails--the gross xvcight 013- 
tained in the quadrants is oxring mainly 
to the sea grass and amounts to an aver- 
age value of 3634 g/m2. 

A Pterygophora-Eisenia community 
flourishes \\.here the sea grass ceases to 
grow, at first a>  ~videly scattered indi-
viduals intermingled with Egrcgia lacvi- 
giata, Cystoseira osmundacca,  C o d i u m  
jragile, Dic tyo ta  binghanai and Dict3,op-
t i r i s  zonarioides; it reaches a climax in 
dceper u.ater bet~rcen 10 and 20 m, ~vhere  
the two main Laminarialcs, Ptcrygophora 
and Eiscnia form, together with L a m i -
naria farlo~uii,  a "forrst" under the large 
Macrocyst is  plants. 

Macroc3,stis pl'rifcra forms extensive 
beds ranging in width bet~veen 200 and 
500 m in a depth of water from 7 to 25 
m. Individuals becomc more cro~vded in 
the middle of the beds, with holdfasts 
1 to 2 m apart. At the outer edge, Macro-
cystis becomes rcplaced by scattercd in- 
dividuals of the elk kelp, Pelagophycus 
f~orra,in a dcpth of water of 20 to 25 or 
30 m. 

Il'here Macrocyst is  grows on outcrop- 
ping rocks or on boulders, it meets with 
competition from sea urchins, which clear 
~ r h o l eareas of kelp; this is demonstrated 
by the patchy appearance of the beds at 
thc surface. Survival of kelp plants de- 
pends largely on the enornliis produc- 
tion of juvenils, tvhich grolr on a variety 
of substrata, including other algae and 
5ca grass. 

T h e  standing crop of the iMacrocysiis 
plants in these beds is estimated to be 
hci\veen 25 and 40 tons/acre, and aver- 
age annual yield is estimated to bc about 
4 to 6 tons/acre (fresh xvt.\l. This tvas 
judged by observations at the bottom and 
on the surface, as tvell as by studies of 
aerial photographs, by tveighing repre-
sentative samples, and by laboratory ex- 
periments on the groxvth rate of kelp. 
Under favorable conditions, the latter 
ranges between 3 and 5 cm pcr day. 

T h e  lo\vermost stratum of veeetation" 

is occupied by a coralline community 
that forms an  extensive cover under the 
larger kelps. Col.allina ch'lensis, C. gra-
cilis, Bossea orbigniana, B .  gardncri, 
Litkothri.2: aspergillus, and Lithothana-
nion spp. are the chief calcified algae 
inhabiting this substratum. T h e  quan-
tity and quality of organisms inhabit- 
in: this community werc found to vary 
~ v i t h  depth as follo~\.s: ( i )  the percent- 
age of cover by the dominant alga de- 
creases with depth, hence the produc-
tion per unit area decreases; ( i i )  Bossca 
preponderates over the Corall ina beyond 
a dcpth of 15 m. These modifications are 
acco~npanied by modification in the 
fauna that live in association with the 
corallines. For example, the sea fans, red 
and pink abalones, the sea star Hcnricia 
lcviuscula, together ~ r i t h  the ho l~ thur i an  
S t i c k o p u s  parvirr~cnsis and the acorn 
barnacle Balanus t in t innabulum,  become 
rioticeable at 20 to 25 m; some of these 
appear for the first time at such depths. 
Table 1 gives a comparison of production 
of the coralline comn~unit>- at different 
dcpths. 

I t  has also been found that, T\-hile the 
total ~veight of plants decreases 1vi:h 
dcpth, that of the animnls tends to in- 
crease. O n  the basis of the foregoing sur- 
~ . cy ,  an average figure for the standing 
crop of thc organisms that inhabit the 
rocky bottom of the kelp beds, including 
iblacrocystis itself, xvould approach 9.4 
lig/rn2 of sea bottom, or approximately 
38 tons/acre. These figures do not in-
clude thc pelagic forms. 
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Metabolite of Phenobarbital 
in Human Urine 

A metabolic product of phrnobarbital 
was rcccntly isolated from the urine of 
a dog that had received daily doses of 
the drug for three ~veeks. I t  xras identified 
as the p-hydroxy derivative and \vas sub- 
scqu~nt ly  synthesized by Butlcr ( I) .  I V e  
havc found this metabolite in the urine 
of ttvo human b e i n ~ s  ~ v h o  died after bar- 
biturate ingestion. I t  was pos;ible to de- 
termine the concentrations of the free 
and conjugated forms. 

Ultraviolet spectrophotometry lvas used 
for initial quantitatiori ( 2 ) ;this was fol- 
lowed by paper chromatography for tlze 
identification of the original drug and for 
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