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San Ignacio Lagoon, 3aja Califarnia, is a major winter-

ing grounds for Black 3rant, Branta bernicla nigricans,

alang the Pacific coast of Narth America. Two sources af

food for Brant, Zostera marina and Ruppia maritima, occur

in the lagoon., During Decembher 1982 to April 1983 studies
were made on the intertidsl standing crop and production

of Zaostera and on the feeding nehaviar of the Brant., GSi-
monthly Zostera standing crop and production values decreas-
ed throughout the period. This seemed to be controlled by
insolation. ©Survey data indicated that 3rant favored

Rupolia to Zostera as forace. The reasaons for this selection

appear to Se nutritive value and availability of Ruppia.
Protein analyses revealed that Ruppia is as good as or an
even better source of protein for the birds than Zosterae.

Ruppia grows higher in the intertidal than Zaostera and



hence is more frequently exposed and available as a food

sgurce,
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INTRODUCTION

Harbors, estuaries and nearshore shallow coastal waters
of the world comprise only 1% of the surface area of the
world's oceans. Yet, these nearshore areas are inhabitated
by tke maost highly productive ecosystems in the world (Phil-
lips, 4978). These ecosystems are dominated by marine
nlants, of which the seagrasses are highly important. They
are marine angiosperms which grow in shallow coastal waters
of the tropical and temperate zones. The various genera of
seagfasses are not closely related toc each other and in fact
ére not true grasses (Family Poaceae). Rather, they are maore
closely related to the Lily family (Family Liliaceae) (Dauwes,
1981 .

Seagrasses perform a variety of biclogical and ecologi-
cal Functiuns in coastal environments. These are summarized
by Woeod 2%t al. (1959):

1) 5Seagrasses have a very high primary production rate

(McRoy and McMillan, 1977; Dawes gt gl., 1979). Production

rates of 500-1000 gC/mZ/yr. can be typical and even higher




rates may be reached in some areas. Approximately 50% of
the carbon lost is in the form of dissolved organic carban
(Dawes, 1981).

2) The leaves support large numbers of epiphytic organ-
isms, often with a biomass approaching that of the plants
themselves.

3) Though very few ozganisms graze directly on sea-
grasses, many graze agn associated epiphytes. Most of the
food chain is based on detrital pathways.

4) Organic materisl in the detritus and decaying roots
aid in waintaining an active sulfur cycle.

5) Essentially the grasses gerve as effective sedi-
ment traps. The roots and rhyzomes bind the sediments in
place, and with the protection of the leaves, inhibit ero-
sion. The dense leaves retard currents and increase sedi-
mentation on grganic material around the plants. The sea-
grasses provide a preserve for the microbial flora of the
sediment and sediment-water interface.

&) Seagrass communities provide an important habitat
and shelter for many animals. HKikuchi (1974) found a signi-
ficant decrease in the numbers of decanaods and juvenile and
young-adult stages of commercial Tish as a result of a de-

crease in Zostera marina production.

7) Seagrasses absorb nutrients through their leaves
and roots. Nitrogen and phosphorous can be returned to the

water via leaching and degradation of the leaves.




Tnere are 49 species of seagrasses classified into 3
families and 13 genera. The family Potamogetonaeceae con-
tains 9 genera and 34 species; the family Hydfnﬁharitaceae
contains 3 genera and 11 species (Phillips, 1978); and the
family Ruppiaeceae contains 1 genus and 4 species (Hutchin-
son, 1934, 1959).

In the family Potamogetonaeceae the genus Zgstera in-
habits the temperate waters of the Northern Hemisphere. Tuwo
species of Zostera are found aleong the Pacific coast of North

America of which Zostera marina L. is the maost dominant and

widespread.

The genus Ruppia has had a history of caonfused taxonaomy
at 2oth the specific and familial level (Jacobs and 3rock,
1982). Even in Europe mhere the taxonomy is more understood
(Verhoevan, 1579), recent evidence suggests that new taxa
should be made (Van Viersson gf gl., 1581). At present in
North America there is only one marine species of the genus

Ruppia, ®.g. Ruppia maritime L.. The distribution of Ruppia

maritima is cosmqpulitan. Along the Pacific coast it is
found from the Bering S5ea to Mexico (Fernald, 1950).

As stated earlier one of the most important functions
of seagrass communities is their high production rate, with
a range of 0.2 - 7.0 gC/mz/day (McRoy and McMillan, 1977),
however, most organic material produced by the seagrasses is
utilized through detrital food chains (Fry gt al., 1982;

McConnaughey and McRoy, 1979). Very few arganisms are able




to use seagrass tissus directly (Kikuchi, 1966; Kristensen,
1872). Along the Pacific coast of North America the animals
that do are predominately herbivorous birds (Cottam gt al,
1944 ; Martin gt al,. 1851), invertebrates (McConnaughey and
McRoy, 1979; Lamrencé, 1975), green sea turtles (Felger gt
al. 1576) and Seri Indians (Felger and Moser, 1973).

One of the major herbivores of seagrasses is the Pacific

Black Brant, Branta bernicla nigricans,(Lawrence, 18LG), a

relatively small goose. The importance of seagrasses espe-
cially Zostera to the brant is well documented (Moffit and
cottam, 1941; Einarsen, 1965; Keller and Harris, 19&66;
Kramer, 1976). According to Cottam et al,1SLL, Zostera has
made up to 85% of the birds diet.

The Pacific B8lack Brant is one of three races of the

brant goose, Branta bernicla. According to Peters (1831)

————

the three races and thelir respective distributions are as
follows:

The Pacific Blébk drant breeds along the Arctic coast
of Siberia eastward to Alaska and Warth Canada to 100° w.
longitude. They winter on the western shores of the Pacific
south to Jasan and northern China and on the easftern shores

of the Pacific Trom VYancouver Island to Mexico. The Eastern

(9]

American Brant, 3ranta bernicla nhorta, breeds along the easte

.o , o 0 . .
ern coast of northern Canada from 1007 W. lonpitude to 74,°
Ne Latitude, both shores of Greenland, Franz Josef, and aon

Splitzbergen. These birds winter cheifly on the Atlantic




coast of the United States from New Jersey to North Carolina,
while some winter along the coasts of Ireland and Great

8ritain. The Dark-bellied 3rant, Branta bernicla bernicla,

breeds along the coasts of northern Euraope and Asia to the
Taimyr peninsula. They winter along the coasts of north-
western Europe to the east coast of Great Britain.

Since 1958 the numbers of Black 3rant wintering in the
United States have declined from 50-60% of the total pacific
population to less than 10% (U.5. Fish and Wildlife, anon=-
ymous). This decline has coincided with a corresponding in-
crease in the numbers of 3rant wintering in 3aja California .
and mainland Mexicao (Chattin, 1970; Smith and Jensen, 1370;
Kramer, 197€).

San Ignacioc Lagoon, Baja California (ZGDN latitude,
113° u longitude) is agne of the major wintering areas for
. the Brant (U.S. Fish and Wildlife Census, 1382). In this

lagoon the birds Feed on Zostera marina and Ruppia maritima.

The purpose of this study was to guantify Zosters
primary production and availability in San Ignacio Lagoon,
and to make quantifiable observations aon the feeding behav-

ior of B8rant on seagrases during the birds' wintering period.
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Study Area

San Ignacio Lagoon (Fig. 1) is a shallow water hyper-
saline, 35% (this study) lagoon situated 500 km sguth af San
Diego, California. The lagoon is 140 km2 with 40% not ex-
ceeding 2m deep at lowest low water. The tide flats are
drained via channels leading from mangrove areas. The tides
are mixed semidiurnal with an overal tidal range of 1.4m
(Anonymaus) .

The lagoon is also the wintering grounds for the Pacific

gray whale, Eschrichtius robustus. From Januéry to Anril

the gray whales use the lagoon for mating and nursing. Hu-
man activity increased during this time and human disturbance
appeared to have a direct effect on the Brant's feeding be-
havior. The lagoon also supports commercial clamming and a

resident population of 300 people.
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San Ignacio Lagoon, Baja California, Mexico
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Figure 2. The three intertidal collecting sites: site 1,
+0.5m, site 2, -0.5m, and site 3, -0.7m (MLLW)
at Punta Piedra tide-flat. O0Other collecting
sites are represented by X,




MATERIAL AND METHGDS

Exclusion Cages

During February 1982 Brant grazing areas were identifi-
ed. 0O0n 25 November 1982 sites uwere SElECiEdAFGT placement
of 1d exclusion cages each 1.Dm2. The cages were caonstruct-
ed from bamboo poles and cord. They were placed in 3rant
feeding areas at different tidal heights; from 0.5m to =0.7m
mean lower low water (MLLW) in order to test effects aof
grazing. Tidal heights were measured using United States
flational Oceanographic and Atmospheric Administration (NOAA)
tables. The study site was located 5 km south of Ballenas
Bay, a site for which tidal listings can be found in the
NOAA tables. All tidal heights given in the thesis are in
reference to MLLW unless otherwise stated. Seven cages were
placed at Punta Piedra mud-flat (Fig. 2) and three at Punta
Ramon tide-flat. All cages were in place approximately one
month after the main body of Brant populatiaon had arrived

in the lagcon.
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Samples and Analysis

Sampling

The area inside each exclusion cage represented un-

2 samples were collected:

grazed conditions. Palired, O.1m
one sample from within and one from cutside the cage. All
the D.1m2 gquadrats were assigned a number and sample loca%tion

was determined through the use of a randam numbers table.

Samples were collected twice a month.

Vegetative Parameters

Bimonthly D.']m2 samples of above-ground (standing crap)
were collected, washed and cleaned of epiphytes. All shoot
bases within the D.1m2 guadrats were also collected. Shoot
densities and characteristics (leaf number, width and length)
were measured. Thnen the samples were dried in the sun at
15-32° © for 24 hours. After gdrying the samples were stored
in plastic bags until May when they could be redried at 9p°
C for 24 hours and weighed in the laboratory.

Ten G.1m2 dried samples (5 from site 2 and 5 from site
3) were combusted at 550° © for &4 hours (Dawes, 1981), and
weighed to the nearest .01 g to determine ash-free dried

weights. The percent organic caontent in Zostera was calcu-

lated by the following faormula:




11

Dry weight - Ash weight

X 100 = Percent Organic
Dry weight Content

Shoot widths, lengths and number of Zostera leaves uere
measured from 16 representative plants in order to obtain a
mean measurement for each sample. Leaf widts were taken at
the sheath scar, and leaf lengths were measured from the
sheath scar on the leaves witn undamaged tips. Leaves were
counted regardless aof length, condition or age.

From the bimanthly U.1m2 collection, samples takzn from

three tidal heights were used for comparing Zostera charac-

teristics: site 1, +0.5m, site 2, -0.5m, site 3, -0.7m.

Growth Rate and Production

From 2 December to 25 March a leaf marking technigue
(Zeiman, 1968) was used %o measure leaf growth rate. Adja-
cent to different exclosures sites (-0.5 and -0.7m) 8 to 14
different shoots within a 1m2 area were marked with a 2mm
punche. The holes were punched just above the base of the
plants meristematic region. After 9 <o 17 days the shoots
were clipped and measured. The measurements were made {raom
the bottom of the hold to the oldest leaf sheath scar. The
inner leaves without holes were identified as new leaves.
Growth rate was determined by additicn of the leaf grouwih

of old leaves to the growth of the new leaves and dividing
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by the number of days in the fime period.
The average plastochrone interval, i.e. the time inter-
val between the initiation of %two successive leaves an one

shcot, was caleulated as

(no. of shoots marked) (observation period)

0o

no. of new leaves on marked shoots

Dailey growth rates were converted to net production in

-the following manner:

1- (cmz/shnat/day) (shoot/mz) = cmz/mz/day

(growth rate) (monthly density
estimates)

2~ (sz/mz/day) (.002 g dry mt./cmz) = g dry mt./mz/day

(length:weight conversion factor)

3- (g dry ut./mz/day) (0.24 C/g dry wt.) = g E/mz/day

(dry wt.:carbon wt. conversion factar
for net production)

The length : weight conversion factor was calculated by
averaging the weights of 1cm lengths of oven dried Zostera
leaves (n=20). The dry weight : carbon weight conversian
factor was calculated by multipling the averane carbon  con-

tent of organic ash-free dry weighi, 46.5% (Westlake, 1965)
and oy the nercent organic content of Zastera, 53.4% this

study).
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Seagrass Listribution

In March seagrass distribution in th:z lagoon was ploti-
ted from its highest growth intertidally, +0.5m to -2.Cm.
This was accomplished by moving theboat alang s predetér-
mined transect and noting the presence or absence of sea-
grass. The reporting point was lined up with a reference

point on land and then plotted on a map.

Protein Analysis

Eimonthly samples of Zostera were collected for pro-
tein analysis. Shoots were picked at random from three
different tidal heights (+0.5, -0.5, and -0.7 meters).
Samples of Ruppia were collected at one tidal height (+0.5
m). The shoots were dried in the shade at temperatures
less than 30° C and then stored for subsequent protein anal-
ysis back in Oregon. Previous observatins in 1981 and 1582
showed that Bfant consumed only seagrass leaves. Therefaore
only the leaves were used for analysis.

Samples were analyzed by the Lowry-Folin copper tar-
trate procedure (Dawes, 1981). Individual samples (all the
blades-mf one shoot) of 8 different shoots were taken faor
analysis. This allows for individual variatiens at each
site.

The concentrations of protein are expressed in ogptical
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density and converted to percent protein by using a standard
curve, The standard is developed from a series aof known

concentrations of protein.

(mg protein) (10)
% Protein = X 100
mg of tissue (10mg)

Srant Dynamics

Grazing

Fram 14 February to 14 March during every daylizht louw
tide period (n=28) the number of Brant observed feeding an
seagrasses was recorded. Several counits were made from a
sand dune on shore approximately 4m in height which was
within 500m of the birds. BSefore the birds started feeding
the observer arrived and waited for grazing to begin. Cen-
suses were made every 5 minutes or more frequently depend-
ing upon Brant activity. The average number of bird days
was computed by multiplying the average number of birds by
the average length of time the birds remained on the tidal
flat. The standard metabolism (M) of the birds (kcal/day)
was calculated using a formula reported by Lasiewski and

Dawsaon  (1967):
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where W is the body weight of the bHird in kg. The standard
cansumption per bird/day was calculated by multiplying the
standard metabolism (M) by a factor of 3 for net food assim-
ilation efficiency according to Jacobs (1%80). Kcal are con-
verted to g dry weight by multiplying by 0.2 (Jacobs, 1980).
The Punta Piedra study site was divided into 3 differ-
ent areas in order to measure time usage on particular sea-
grass beds. 0One area contained exclusively Ruppia, one
only Zostera, and a third, a mixture of the two types. Per-
cent vutilization was calculated by multiplying the average
number of birds by the time the birds spent in one of three

areas.

Census

When weather permitted, bimonthly population counts
were made from a boat. Counts began 1-2 hours befaore louw
tide and ended 1-2 hours after low tide. All counts start-
ed at the entrance of the lagoon, proceeded north alaong the
gast shore and returned aleng the west shore. All censuses
were made by averaging at least 2 counts and from a dis-
tance not exceeding 800m,. Whenever possible, individual
oird numbers were counted, but in dense aggregations that
was not possible. In such cases birds were estimated by
counting representative samples and extrapolating to the

whole flock.
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Stastistical Procedures

Statistical differences of the sample means were ce-

termined from a "t" test from Snedecor and Cochran (1867):

. 1 Wi
101 (-1) (5.5 + (Ho-1) (5.9
24 s 1 1 2 2
N, o+ HTE
1 >

A relationship between sample coefficients of correlation
and regression was used from Snedecor and Cochran (1967) <o
determine significant figures between sampling dates with-

in sites:
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RESULTS

During the four months of this study, differences in
standing crop between grazed and ungrazed samples were mini-
mal (Table 1). The total difference between all cages was
cnly 1 g dry wt./mz. Individual differences ranged from -16
g dry ut./m2 ta 28 g dry mt./mz. Because of the very louw
differences in grazed and ungrazed samples baoth ungrazed and
grazed samples (4 replicates) were used to determine stand-

ing crop trends.

Seagrass Dynamics

Vegetative Parameters

Different Zostera populations were represented in the
study sites. 5Site 1, +0.5m, contained patchy Zostera beds
whose shoots were comparatively small: X leaf length was

15.2cm and leaf width was 0.33cm. The site was located
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near mangrove drainage channels. Site 2, -0.5m, was locat-
ed lower in the intertidal and represented a more homage-~
nous bed of Zostera. The shoots were longer (X=22.1cm) and
wider (X=0.45cm) %than those found in site 1. Site 3, -0.7m,
was located directly in front of site 2 and contained sitill
langer (X=36.5cm) and wider (X=0.55cm) leaves %than site 2
(Table 2).

In comparing mean densities of shocots between sites a
highly significant (P< 0.005) difference was found hbetween
site 1 and site 2 and a significant (P 0.05) difference he-
tween site 2 and site 3. However, there was not a signifi-
cant difference in bimontnly mean estimates eof shoot density
within each site (Table 2). Site 1 throughout the study
lacks the first month's data.

The range of mean leaf lengths at all three sites was
between S.1cm and 57.2cm. There was a significant (P 0.001)

difference in bimonthly mean leaf lengths within each site

(Fig. 3). The significant difference hetween the individual

(B

sites was a PL 0.1.

ok

[
L

The mean leaf widih decreased during the s y nerigd

(Fig. 4). A% site 1 there was no significant difference in
bimonthly estimates. However at both site 2 and site 3 sig-
nificant differences (P< 0.001) were recorded. There uwas a
significant (P< 0.001) difference in mean leaf widths he-

tween individual sites.
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Standing crop increased with increasing depth (Table 2)
Aut this was only found to be a significant (P 0.1) differ-
ence between site 1 and site 3. At site 1 the mean range

Fag

(3

L

standing crop was 49-87 g dry mt./mz, at site 2 this was
found to be 75-1L7 g dry wt./m2 and at site 3 the mean
range was 87-317 g dry mt./mz. All three sites showed a
highly significant (PL 0.001) difference in bimonthly
standing crop estimates (Fig. 5).

If the standing crops of Zosterg are combined and
averaged at all three sites the overall standing crop de-
creased an average of 29 dry mt./mz/day. The largest dronp
occured at site 3 where 72% of the original (bec. 3) stand-

=
i

ing crop was lost by the end of the study period.
3a0th standing craop and leaf lenoth increased with in-
creasing intertidal depth. From this relationship the
standing crop per meter squared of Zostera was found tc be
a function of leaf length (Fig. 5). The regression line
Yy = J26X + 258.2 r - 0.94 is highly significant (P< 0.001).
There was no significant bimonthly variation in per-
cent organic ash-free cdry wt. of Zostera from sites 2 and 3
(Appendix). The ocrganic content throughout the study per-
iod averaging 53.L4% organic content figure was used along

with Westlake's (1955) 4&,.,5% carbon content figure to ob-

tain a@ conversion facior for net orodection estimates.
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DATE
MN2-3 12-14 12-26 1-13 2-8 2-25 3-25 | X s TOTAU
DIFF.
G- - 11.5] 114 6.7 5ol {541 3.0 B2 |+2.8
SITE 4 UG| - - 8.2 Beb | T8 [543 | 5eb {7.5 2.0
SITE G - 7.&' 6.8 6.6 6‘D aoh 6.2 1.1 "007
1A UG - 7.5 6.1 509 706 lf'-a ScD 202
SITE G N6.0] 150 | 12.8 | 11.4 9.k 7.2 | 8.0 [11e4 3.4
2 UG 16.8 1l+.7 11.1 12.2 9.9 7.5 9.1 9.5 Ll’c1 "106
SITE G MN3.4f 9.8 1001 767 | Bab6 |9e6 | 67 9al 2.1 %
ZA UG 12.6 13.7 8'2 908 7.7 BOD 602 9.5 2.8 -0.3
SITE G B3.5] 22«1 1741 15.1 10.910.1| 9.0 {16.88.7 {-0.2
3 UG P21 222 18e5 | 133 12558 | 95 {159 5.1
SITE G 31.2] 21.8 | 13.6 1 12.1 10.33.7 | 8.0 {1518.6 i+1.1 |..
P.p- G - 9t5 6.5 4.2 &.1 2.5 2.2 L+Q8 2.8 +1-L+
UG - 8.0 7.& 3.6 L}.(:-} 2.6 1.3 l+05 2.7
P.R. G - 18.6 9.5 110311.’4 L-.1 11.8‘4.1 +1.D
ug | - - 18.5 1 11.7 12.410.0] 9.3 {12.3 3.9
P.P\. G hd 1700 15 9.5 501 7.7 L*.B 1DOEL¥08 "103
UG - 19.5 10.0 1D 8.3 7.6 705 10.5 L!‘.a
P R G| = - 15.9 - 133121 10.9 5.3 1.1 -2.3
Ug | - - 173 - 140113451 %1 164 1142
-Do1
Table 1. ODifferences in standing crop between 10 grazed

€27 and ungrazed (UG) guadrats. Staning crop
is measured in g dry wt./0.1m%. P.P. repre-~

sents Punta Piedra as wells as sites 1, 2 and
3. P.R. reprsents Punta Ramon. See figure 2.




Table 2. A comparison of mean standing crop (n=4), mean shoot density (n=4),
mean leaf length (n=64), and mean leaf width (n=64) of Zostera at
three intertidal heights: site 1, +0.5m, site 2, -0.5m and site 3,
-0.7m (MLLW). s= standard deviations,

DATE STANDING CROP LENGTHS - , WIDTHS DENSITY
(g dry wt./m2) (cm) (cm) (m2)
5-1 5-2 §5-3 §-1 5-2 5-3 §-1 §-2 5-3 §-1 §-2 §-3
12-3 - 147 317 - 3.3 57,2 - L8 .60 - 810 500
121 = 133 215 - 59.5 49,2 - L6 .58 - 790 480

12-29 87 106 162 20.6 24,4 39.8 e33 o7 «55 1310 910 620
1-14 a0 103 126 186 21.1 39.0 o3l o5 «57 1140 770 470

2=8 73 09 109 15.8 18.3 28.1 «35 45 «55 9560 670 570

2-25 61 81 100 12.1 15.0 24,2 34 b2 51 1360 860 820

3-25 49 75 87 9.1 12.1 18.6 .31 N ; :§8 1350 1050 640
X 70 105 160 15.2 2241 3645 33 45 «55 1225 835 610
8 15 27 82 o7 .79 13.8 .02 .03 Ok 172 120 123

Range L9 - 317 9.1 - 57.2 «31 ~ 60 L70 -~ 1360

L¢c
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(g dry wt./m2/2 week period)

MEAN STANDING CROP
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Figure 6.
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W 28 30w sh 6D

MEAN LEAF LENGTH (cm/2 week period)

Linear regression of bimanthly mean standing
crop and leaf length of Zostera at three sites,
1,2,and 3.
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Productian

Shoots that had been hole-punched for productimn showed
no significant decrease in leaf growth as a result of mech-
anical damage to the leaf. A sample of shoots (n=10) marked
with a small sewing needle showed no significant difference
from hole-punched shoots in production estimates (Appendice
A).

The mean daily grouwth rate from 3 December 1982 to 253
March 1983 for site 2 uwas 2.7cm2/sh00t and Tor site 3 was
3.1cm2/shoot (Table 3). There was no significant difference
between the two sites. However the bimonthly growth rate
decreased significantly (P<0.001) throughout the study per-
iod. Only at site 2 from 3 December to 1L December was
there an increase in growth rate. The orowith rate increased
from 2.8cm2/shoot to 3.2cm2/shout. This was a highly sig-
nificant (P< 0.001) difference. The new.leaves thai were
formed in this period were thinner than the existing leaves
by as much as 0.15cm. This could possibly account for the
increacse in growth despite a decrease in standing crop, 1Lleaf
lengih and leaf width.

The daily in situ net production was calculated using
the leaf growth information, a length : weight conversiaon
factor (Appendix),. and a dry weight : carbon weight con-
version factor (Appendix), Daily met productiaon ranged

fraom 1.37 g E/m2 to 0.%1 g C/m2 with a mean net production
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rate of 1.038 g C/m2 (Table 4). The bimonthly mean net pro-
ductiaon estimates from sites 2 and 3 are shown in figure 7.

At site 2 a mean of 2.2 new leaves was produced every
" two weeks and at site 3 a mean of 2.3 new leaves every two
weeks (Table 3). A range of 1.8 leaves/two weeks t0 2.5
leaves/two weeks was formed at site 2 and at site 3 a range
of 1.8 leaves/two weeks to 2.6 leaves/two weeks was formed.
Total number of leaves remained relatively constant through-
gput the study. The average number of leaves per shoot was
4.3 at site 2 and a% site 3 it was 4.5. Secause new leaves
~were produced continuously, the variation in the number-per
snoot was probably caused‘by a greater breakage of old
leaves. The average plastochrone interval (PI) was 7.5 days
at site 2 and 7.1 days at site 3. Assuming that the older
puter leaves are sloughed at the same rate new leaves are
formed, the average turnover rate Ffor a typical leaf at bothn
sites is 27 - 36 days (Table 3). A high turnover rate is
evident by the fact that very vew epiphytic animals or
plants were found on the plants.

In spite of the general pattern of leaf growth (Table 3
there existed a variation in individual P I . The course of
the P I showed a reverse correlation with insolation (Fig.
). Note the insolation figures are for San Diego, Californ-
ia, 500 km north of San Ignacioc lagcon. Water temperature
seemed af smaller importance: it rose gradually from 19° ¢

-

. , . o . .
garly in December to a maximum of 22° € in late March. At
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low tide, on warm sunny days air temperture nlayed a more
prominent role heating tidal pools (to 30°C) and Zostera beds
without water coverage.

The cverall changes in P . I are very similar to changes
in insoclatiagn. The variations are probably due to a differ-
ence in insaolation between S5an Diego and S5an Ignacio Lagoon.

The increasing insolation of late DecembBer to a peak in
early January resulted in a decrease in P I from a peak
high in late December, 9.6 days, %o a low in mid-January,

5.9 days. The lowest P I was reached aon February 25, 5.5

days; this was Jjust after there was an increased insclation

reading.

Seagrass Distrioutian

Ruppia beds were found to be the more exitensive species
above twc meters within San Ignacic Lagoon. Total sguare

area of seagrasses in the lagoon was calculated to be 52.8

km2: Ruppia beds comprised 36.6 kmz and Zostera bDeds com-
orised 26.2 kmz. The study area at Punta Piedra was calcu-

lated tao be 2.1 kmz

of which Ruppia covered 7UDm2 and Zgos-
tera covered 1200 m2. The remainder of the study area was

sand and lacked seagrass.
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MARK LNG - NO. NEW LVUS.| NO. LVS./] TIME LEAF
DaTE | LEAF BROUTH oon o yeeus | sHoOT ATTACHED
(cm2) (days)
12-3- |
; . - PR.2(1D) - 2l ] -
183 2.3 11) L2 31.5
121k~ v |
3.2 13.85 [1.8(11) 1.8(11)] 3.8 3.7 | 28.5 |26.3
12-29 | |
12223= 1 3,06 [3.36 [2.2011)-2.4(8) | 4.3 .3 | 32.2 30,5
i i
1=14- |
i 2.95| - = 12.0(8) | - bt - 30,7 -
e 2.64 [3.30 P.2(8) | 2.4(8) 4.5 5.0 |29.2  35.5
i |
e 2.29 2.76 [2.5(14)] 2.6C16) 4.3 b1 |32.2 1 29.1
ST 2,05 2.26 £.3(9) | 2.4(14)1 4.6 5.6 | 34.5 39,3
X 2.71 3,10 2.2€13) 2,31 6.3 b5 | - | -
Range 2.05~ 2.26- 1.8- | 1.8= |k.1+ 3.7-§29.2-| 26-
3.2 |3.89) 2.5 | 2.6 lt.5|5.6 {36 | 4o
Table 3. iteans of production, new leaf emegence, leaves

per shoot and leaf attachment time of
from site 2 and site 3.

Zostera
Leaf attachment time isg

calculated as the no. leavas/shaoot X 7 (site 3)
Number of shoots measured dur-
ing each marking periocd in parenthesise.

and 7.5 (si

te 2).



30

DATE  SHOOT DENSITY LEAF GROWTH  NET PRODUCTION

no./m2 cm®/shoot g dry wt/m® g C/m?
T1e-ate 810 2.8 A 1.1
jg:;g to o g3s  3.55 5.51 1.37
1EES R 9ss 3.20 4.90 1.23
1kt 770 © 2.95 b .54 1,18
oooste 620 2.97 3.68 0.92
2oaa o 840 2.53 b .25 1.06
s ke 845 2.15 3.55 0.9
X 755 2.86 t.30 1.08

the mezns of sites 283. The leaf growth és mul-
tiplied by .002 (conversion factor for cm“to

g dry wt.) and 0.25 (conversion factor for g dry
wte to carbon) for conversion to net productian.
Conversion factors are discussed in material and
methods section.

* - yalues from site 2 only.

Table 4., Daily in situ net production of Zostera from
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Figure 8.

Seasanal changes in plastochrone interval
(P.I,.,) 8f Zostera at San Ignacio Lagoon
(mean P.I. of sites 2 and 3) .compared with
insolation and temperature. All values
given are means for a8 2 week period. Tne
insolation figures are from N.0.A.A. foOr
San Diego, California.
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Protein Analysis

Protein analysis was done on the bimonthly Zostera sam-
ples from three different sites: site 1, 0.5, site 2, -0.5,

=

and site 3, -0.7m. Ruppia was collected at only two differ-

ent times, 23 February and 23 March at just one locatiaon,
$0.5m.

The 23 Feb. protein content of Ruppia was caompared to
that of Zostera at all three sites (Table 5). Ruppia was
found to contain more protein than Zostera but was only
significantly higher (P<0.05) than Zostera at just site 1,
+0.5m. |

The 23 Marcn protein content of Zostera at site 3 was
slightly higher than the protein content of Ruppia. However
Ruppia again was significantly (P<0.01) higher in protein
than Zostera at site 1.

At each tidal height there was no apparent trend toward
higher or lower protein content during the study period.
Ruppia and Zaostera varied only 1 - 2% in protein. There was
however a significantly (P<0.01) higher amount of protein in
Zostera at site 3 <than at site 1. Also there was 3 signif-
icantly (P<0.001) higher amount of protein in Zostera at

site 2 than at site 1. This indicates a possible variation

in protein content with intertidal depth (table 5).
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Zostera Ruppia
site 1 site 2 site 3
(+0.5m) (-0.5m) (-0.7m) (+0.5m)
Dec. 3 - 10% 8.5% -
Dec. 28 £8.5% 9% 95.2% -
Feb. 1 2.2% 10¢% S5 -
Fen. 23 7« 3% 10.5% 10, 3% 11.2%
March 23 5.7% 9.9% 10.5% 1C . 1%

Table 5. Percenti Frotein Content of Zosiera and Ruppia at
one intertidal height at Punta Piedra tide-flat.
*Standard curve and individual shecot concentrations
are given in Appendix.

drant Dynamics

From 15 Feb. to 14 March Brant were observed feeding at
Punta Piedra tide-flat (Fig. 2). OFf the time the birds snent
on the mudflat, 67% was spent grazing on Ruppia, 27% was

spent grazing on Zostera beds, and the remaining 6% was soent

(=l

on an area of mixed Zosiera and Rupnplila. During high tide
Srant aggregated around drifiting “rafis" of Zostera and were
observed feeding on sloughed leaves floaiing on the water's
surface. Ruppia was not Tound fleoating in any substantial
amounts.

Thirty to sixty minutes Refore the seagrass beds ware

exposed, the 3rant arrived on hiagh sand bars toc rest and



preen. Fforaging for Tood began as soon as the seagrasses
could Be reached by 5obbing and continued for 3 hours 4O
minutes on average. The number_oF Sirds varied greatly be-
tween different low tide periods and even during gne tidal
period. The area of study was highly suseptible to human
disturbance coming from airplanes carrying whale watchers
and from commercial clam diggers.

The range af birds on the mudflat varied from 0O to S8S0
birds and time sgpent from 0 to 8 hours and 25 minutes. The

P

average number of oirds and time spent was 340 birds and 3

-]
l

hours 40 minutes per day. Using the data and figures for
standard metabolism the total amount of seagrass consumed

was calculated as 136kg dry wt. per study period (28 days)

(Table 6).
DATE AIRD WT.* STANDARD 3IRD DAYS SEAGRASS CONSUMED
(kg) METABOLISM** - 6
(kd/day) kJd x 107 kg dry wt
2-15 =o 1.4 L15 1500 3.2 136
2-14

*Jacobs gt al (13981)
**{ agiewski and Dawsaon

Tagle 6. Zaostera consumptlion by 8rant between 15 February
and 14 March 1583 on the tide-flats a%t Punta
Piedra in San Ignacio Lagoon.
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Rssuﬁing that the Brant feed uniformly over the entire
tidal flat, consumption guantities of Ruppia and Zostiera
can be eCaluated. In the 28 day period the birds were
krnown to consume 136 kg dry wt. aof seagrass (Table 6). Then
if the Brant use Ruppia beds 67% of their feeding time and
Zogstera beds 27% of the timé, the 3rant consumed 91.1 k3
dry wt./m2 of Ruppia and 36.7 kg dry ut./m2 of Zostiera.

The 35.7 kg dry th./m2 of Zostera is 31% of the maximum

™

standing crop for that period, or 267 of the production.

Census

During the study period Tour Brant population counts
were made (Fig. 8). The hirds arrived approximately the
second week of October. 0On 2 Dec. the population was cal-
culated to be 6850 birds and rose to a peak of 10,400 birds
in late February. HKramer (1976) observed a peak spring mi-
gration in mid March at San Quintin Bay. .Overall the 3rant
population had decreased from the 19832 winter season (Anony-
mous). U.3. Fiagh and Wildlife Service documented a similar
trend in their January 1983 waterfowl surveys of Baja in
San Ignacio Lagoan.

From the four different counts and personal ooserva-
tions it was noted that ithe 3rant favored certain areas of
the lagoon. The heavily used area of %the lagoon was the

more northerly end; approximately &80% of the total number



H2-2 2-1L 2-23 3-25

S St L

Fiqure 8 The four 3rant censuses in 3an Ignacio Lagoon
are represented: first, the 2ar csraph, as the
total numher of 3rant on faur different dates
and second, the hatching, as the four diffzr-
ent grazing areas and the percent utilization
of these areas 2y the 3rant.
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of Brant ohserved used thig area. This was also where the
largest beds of Ruppia were Tound; Zgsiera was found sub-
tidally there. Another consideration for the Srant's us-
ane of the northern end was the Fact that this area had the

o
[

least amount of human disturbance. Hramer (1975%) Found in
San Quintin Bay that the Brant were very susepiisle to nhu-
man disturbance,

Another area the 3rant used toc feed was Gilmore Lagoon

=
]

located near the southern portion of San Ignacioc Lagoon

(Fige 1) . This area contained B85 kmz. On 2 Dec. a popu-
lation census of both lagoons revealed Gilmore Lagoon had
7300 birds and San Ignacio Lagoon had 6350 birds. It ap-
pears that Gilmore Lagoon is as important a feeding area as
the main lagoon. Possibly tﬁis also relates to the fact
that very little commercial activity takes place in this

lagoon. Other counts in Gilmore Langoon were not taken due

to inclemeant weather, -lack of time, and difficulty of m

Y]
1

neuvering in the shallows of the lagcocon.

The study site at Punta Piedra was heavily utilized
foraging area for the Brant (Fig. 1 anc 2). It is situate

3

P,

N

m from the mouth of the lagoon and is the {irst major
stand of seacrass the birds meet upcn entering San Ignacio
Lagoon. Because 3rant are known to fly only over water to
reacn certain locations they make considerable detiours

=
[

around land masses (Einarsen, 1965). Brant from San Ig-
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nacio Lagoon enter or leave Gilmore Lagoon via two en-
trances. Punta Piedra is located at cne of the two en-
trances to Gilmare Lagoon. During low tide 3rant arrived

from both lagoons to forage at Punta Piedra.
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CONCLUSION

Zostera Dynamics

Though the distribution of Zgstera and Ruppia beds in
San Ignacio Lagoon overlap intertidally, Ruppia is found
primarily higher in the intertidal (+0.7m to +0.3m) and
Zostera occurs Isower in the intertidal (+0.5m %o -0.5m),
thouogh Zostera continues to grow subtidally to a depth of
about -5.0m.

The lower spatial limits of Zostera arowth is most
likely defined by the intensity of irradiance but tical
currents could alsoc have a strong influence. Neinhius and
deBree (1977) stated that after the cleosure of the Grevel-
ingen estuary Zostera beds extended deesper as a result of
increased irradiance. In California at a light transmit-
tance of 20% or less, some af the Zostera eventualy died in
shading experiments while adjacent plants receiving nigher

irradiance lived (Bachman and Barilotti, 1975). Zosiera
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grows tc a depth of about 5m in San Ignacig Lagoon. GBelouw
this level scattered patches of Zostera occuT.

The upper spatial limits of Zostera in the intertidal
ig inTluenced oy the duration of submergence in tidewaters
and period of desiccation at low tide (Keller and Harris,
1965% Jacabs, 1979). In the intertidal the upper limits of
Zostera in San Ignacioc Lagoon was conifined ito areas near
mangrove channels or areas where tide nocls formed at louw
tide. HKeller and Harris (1S66) {ound at Humboldt 3ay, Cali-
faornia (&1DN latitude, 124y longitude) Zostera required a

P~
l

minimum tidal coverage Tor survival of 85%, whersas optimal
growth occured where the plant experienced 95-100% coverage.
In the tide pools photosynthesis is not suppressed by hy-
dration but rather oy hypersalinity and extreme water tem-
neratures (McRoy and Biebl, 1571).

Tidal range within the lagocon is sizeable, 1.4m (NOAA
tables, 1983). During changes in tides the tidal rip is
very strong and over the years has caused many relocations
of drainage channels. It also would seem probable that this
affects the distribution oF Zostiera.

Keller and Harris (1956) found an increasing biomass cof
Zostera with increased intertidal depth to a maximum be-
tween +0.3 to -0.5m. This 1s similar to what Backman and
Jarilotti (1975) discovered in Zosiera beds for a souithern

lagoon. At San Ignacic Lagocn lea? lzngth and leaf width




and standing crop increased as a function of depth to -0.7m.
Below this level no measurements were taken. From the in-
formation gathered on Zostera distribution it can be seen

that the majority of the Zostera beds extended below -0.7m.

ct

Optimal growth: for Zostera is lower in the intertidal in
San Ignacioc Lagocon than in more northerly Zostera communi-
ties.

As a result of this investigation at 5an Ignacio La-

goon the following conclusions can be drawn about Zostera

growith in relation toc depth.

1) Lea? length (P<L0.1), leaf widih (P<0.001) and
standing crop (P<0.1) increase with increased
denth;

2) Density decreases with an increased depth (P£L0.05);

3) A linear relationship exists between sianding crop
and leaf length (Fig. 6). As leaf lenngth increas-
es so does the total standing crop. The correls-

t

|

on for the relationship is 0.9G4.

fany investigators (Harrison and Mann, 1975) aqgree
with Setchell (1929) ihat temperature is fundamentally im-
portant in controlling the seasonal growth cycle of Zos-

tera. Setchell stated that vegetative growth occured be-

tween ‘18-15D Z and stcpped below 100 C er anove 20° C. Houw-
ever in 1971, Beibl and Mann showed experimental evidence

that the pnotosynthetic ratlio of Zgstera from Alaska in-
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increases with temperature up to 30-35° C. From figure &
and table 4 it is evident that vegatative crowth continues
anove 20° C: it is primarily controlled by insolétion and
not by temperature, as also shouwn by Sand-Jensen (1975).
At San Ignacio Lagoon the relative changes in PI showed a
reverse carrelation of insclation. Thus it is very proba=
ble %that insolaticn contirels vegetative growth in relation
with depth.. This is also reported by Jachman and Jarilotti
(1878), Nienhius and. deBree (1977) and jacobs (187%).
Estimates of Zaostera produoction are usually Bbased an
short term changes in biomass data. 0Only a few people have
nsed radioactive carbon to determine production rates (Mc-
Rov, 1974). Sand-Jdensen (1875; Denmark) and Jacobs (1973;
France) estimated productiaon of Zostera using a modified
Zeiman technigue. A comparison of the technigues is dif-
ficult because the plastochrone interval technigue can he
applied in situ during longer periods while the inorganic

14 . . . . .
g ake technigues reguire short incubation times under

cl

Bl
controlled conditions.
Durinmg the four month study in San Ignacio Laccon

i

Zostera production decreased. Thne mean net production rate

L]

was L.3 g dry ut./mz/day or 1.08 3 C/mz/day. The overall
net production of Zostera above 2.0m depth was 12,500 ko
dry wt./m2/111days. The maximum standing crop of Zostiera

2
was 4,190 kg dry wt./m~/111 days aor 1/3 of the total net




oroduction. £EBecause the gptiimal growth of Zostera gccurs
lower in the intertidsl than the areas sampled, these pro-
duction rates underestimate overall Zostera production in
San Ignacio Lagoan.

At San Ignacio Lagoon the plastochrone interval (PI)
and turnover rate are higher than more northerly communi-
ties. In this study the PI was 7.3 days. This leaf pro-
duction is higher than that obtained at Humboldt Bay. There
the peak summer PI was 9 days (3ixler, 1982). Jensen (1975)
found an average summer PI of 14 days for Zostera in Den-
mark. At this lagoon a given leaf remained attached 28 to
36 days on average. This was twice as long as found by

3ixler (1922) and Jensen (1975) in their siudies.

S8rant Dynamics

Few studies have considered seasonal aor individual var-
iatigns in organic composition of seagrasses or the impor-
tance of varicus paris of the plants as & food source
(Dawes, 1981). Einarsen (1965) analyzed Zastera from sites
in Alaska, Washington, and Oregon and found oroitein content

ranges from 7-15% dry wi.. "Burholder and Daheny (1988)

)

ound 6-11% dry wt. for Zostera from Long Island Sound.
At 35an Ignacio Lagoon the protein content of Zostera
ranges from 7 to 10% dry wt. which is very similar to the

range of protein found further north. There was a change
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in protein content of Zostera with intertidal height (Tahle
5). This sunggests that the variability of protein content
may be a result of differences in intertidal neight or a
difference in experimental technigue tha in latitudinal var-
iation. This is also reported by McRoy (1978).

According to the literature, brant are some of the most
specialized of waterfowl in regards to thelr feeding nabits
(Cottam gt al (1944). UWhen the "wasting disease" caused a

disappearance of Zostera marina in +he forth Atlantic Coast-~

al areas (Oailive and Mathews, 1969; Charman, 1977), the
Dark-bellied 3rant population declined in Europe %to 25% of
its pre-1930's level.

Recent evidence suggests that the brant consume Ulva

spp. (Einarsen, 1965), and Enteramorpha spp. (Charman,

1978) along with Zostera a their primary foods. When the

primary foods are not available the birds will feed upon

other plants i.e. Phyllospadix spp. (Cottam et al, 1944)

and marsh plants (Ranwell and Downing, 1S5S; Charman, 1978).
Wdhen brant are feeding on Zosiera they are knowun to feed

on.all parts aof. the plant. However in this study only leaf

blades were observed being consumed. A% Coos Bay, Oregon

in the spring of 1983 Brant were observed feeding on only

the meristematic regicn of the shoot (Hodder, personal com-

munication). It appears that the B:ant are selective in

feeding upon particular species of plants as well as upon
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particular parts of the plants.

ch
ot

At San Ignacio Lagoon during Dec. to Anoril the 3ran
were ohserved grazing on Ruppia beds 57% of their time as
compared tc only 275 of %the time on %the Zostera beds.

Co

ct

tam et al (1S4L) discovered that 2efore the "wasting
disease" of Zgstera in the Nagrth Atlantic, the Eastern

American Brant fed on Zostera 85% of their time. In North
Carolina, the end of the range of Zostera along the Atlan-
tic coast of North America, Ruppia became prominent in the

diet of the birds, averaging 12% of their food during mi-

gration and wintering periods. When considering the results

o 2 s 3 - ; 3 - f : 3
of protein amalysis in San Ignacio Lagoon, Ruppia is as
good or hetier a source of nrotein to the Brant thanm Zogs-

|

terg is.

A

When evaluatino any source af

o
i

ood, accessioility to

tne animals is an imporitant aspect of foraging efficiency.
Throughout San Ignacioc Lanoon Ruppia was found higher inter-
tidally than Zostera. In fact in the northern portion af
the lagoon Ruppia was more abundant and even dominated the
intertidal area, thus making it more accessible to the
drant. Large "rafts" of Zgstera were seen floating in the
water and during high tide when the seagrasses were sub-
merged, they provide a food source. These "rafts" consist-
ed mainly of older and dead leaves. Harrisan and Mann

(1975) stated that there was a nutritive loss in older oar
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dead Zostera; the leaves were found to contain less protein
than normal 1n situ leaves.

Another important aspect of food value is its carbohy-
drate levels. Direct analysis of carbohydrate content of
Zostera or Ruppis from San Ignacio Lagoon was not taken.
Orew (1980) found carbohydrate levels, i.e. sucrose levels,
of Zostera leaves and rhizomes varied with geographic loca-

ul

tion. Plants from 40° - 50°N latitude averaged 10% ex-

tracted dry wt. of sucrose whereas plants from 20° - 30° n
latitude contained only 1-2% extracted dry wt. of sucrose.
Thus these results indicate that carbohydrate levels in
Zostera will be low in San Ignacic Lagoon.

There also exists the possibility that the Brant are
feeding on epiphytic animals or plants associated with the
grasses. In San Ignacio lLagoon neither Zgostera nor Ruppia
contained significant guantities of epiphytic algae or en-
crusting organisms. However, theres were invertebrates liv=-
ing in the seanrasses, particularily in the Zostera beds.
Cottam et al (1944) reported that more invertebrates occur-
id in stomach analyses of the Eastern Qmeri;an Srant in
times of Zostera scarcity, and to a lesser degree when the
birds began to migrate to nesting areas.

Only a small portion of the Zostera is consumed by the

drant. In the 28 day study period (Table 6) 3rant consumed

only 26% of the production and 31% of the maximum standing




crop. 1ne Zostera production is only leaf production and
doesn't take into account underground growth which can be
significant (Jacobs, 1979). Because optimal growth of Zaos-

o

tera occurs lower in the intertidal than the sites for
Zostera production at San Ignacio Lagoon, the production
values are also considered low. It is apparent in S5an Ig-
naciao Laggon the Brant are not consuming significant guan-
tities of Zostera to make an impact on the community.

It is evident at San Ignacio Lagoon Ruppia is a pri-
mary food source for the B8rant. The reasons behind Brant
selectidn of Ruppia are not completely understood but it is
suggested that nutritive value and accessibility of \uugia
are major factors. Further more detailed studies of Brant

food selection are necessary.
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DRY WT. ASH WT. ASH-FREE
(grams) (grams) WT. (grams)

15.0 7.4 7«6

1845 8.9 9.6

10.1 L.2 5.9

15.3 7.6 77

9.4 b 5.3

9.6 La.6 5.0

1345 Be3 743

746 3.0 Lo

21.8 10.2 11.6

8.2 2.9 3.3

Percent - L6.6 53.4

X 12.7 549 7.0

s 4.9 2.3 26
Range 21.8- 10.2=~ 11.6-

4.9 2.9 3.3

Table 1A.

Ash content of 10 D.1m2 dry weight samples.
Fiue samples taken from site 2 and five
samples from site 3. Combustion was done
at 550" C for & hours. Mean, X, standard
deviation,s, and range are also given.
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NO. OF SHOOTS HOLE NEEZDLE
COLLECTED PUNCHED (grams)
(grams)
1 58,2 54,2
2 58.8 Lg,.8
3 L8.5 50.9
L 35.0 85.2
5 L8.5 50.4
6 58.5 58.4
7 58.0 49,2
8 55,2 5347
S - 5747
iD - 52.3
Total L2L 6 550,9
X 53.1 55.1
s 7«9 5.6

Table 2a. A comparisaon of holes in Zostera shaoois as
a measure of production with a Z2mm punch and
a sewing needle on 14 Jan. 1983. Mean,X,
and standard deviation are also given.
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DRY WT. ASH WT. ASH-FREE WT.
(g/10em) (g9/10cm) (3/10cm)

.021 .006 .015
.020 .006 014
040 .017 .023
.020 .004 .016
.029 .003 .320
024 .007 .017
.020 .004 .016
.015 004 011
.029 .007 .022
.026 .008 .018
014 .00k .010
.017 .00k 013
.018 004 014
027 .008 .019
.025 .008 .017
.021 .007 014
022  .007 .015
.015 .004 014
.025 .010 .015
.020 .006 .01k
X .323 .007 016
s .006 .003 L00%L |
RangE .U1L|’“ .DD_&"' .D‘ID-‘
040 017 .023

Table 3A. Ash content of 20, 10cm segments of Zostera
leaves: as used as a conversion factor for
length to weight. Mean,%X, standard devia-
tion,s, and range alsao given.
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SITE SHOOTS (optical density) -
(date) 1 2 3 A 5 g 7 a X s
:27)
12-3 115 .112 .098 .114 .120 .105 .108 .108 .110 .006
12228 .098 .123 .113 .105 .078 .095 .110 .4100 .103 .013
i
9.1 .125 .122 .096 .112 .109 .097 .109 .110 .110 .010
#2
9223 ,103 4115 <110 118 <114 <111 112 114 .112 .00G
3-25 L.108 .107 .101 .114 .113 .120 .099 .4106 .102 .007
z3
12-3  .115 .112 095 .102 .100 .112 .118 .094% .106 .009
73 —
12-25 .095 .100 .102 .108 .092 .111 111 .110 .104 .008
73 _
2-1  .081 .085 .105 .093 .125 .051 080 .095 .103 .015
73 |
2223 1112 +111 118 114 090 .117 114 .110 .111 .00S
73
3223 .123 .115 .109 .105 111 .115 .109 .109 .112 .005
77 -
12-29 ,096 .098 .110 .104 .109 .093 .097 .101 .101 .006
#1
-1  .086 .104 .106 .092 .098 .110 .101 .102 .100 .007
1
2-23  ,070 072 .4152 .090 .089 .113 .085 .088 .095 .027
77
3-23 .086 .105 .089 .090 .100 .09% .085 .089 .092 .007
Ruppia 451, .128 .105 134 095 .112 .110 .120 .116 .012
RUBPI2 404,101 111 115 .119 .120 .104 .106 .110 .007
Table LA, Concentrations of protein as expressed in optical

density of Zogstera leaves at site1,0.5m, site 2,

9@.5m,
site,
also given.

and site3,-0.7m,
O.5m (M11lU).

Mean ,?,

and RuEUia leaves at one

and standard deviatzion
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