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ABSTRACf

Phytoplankton production was comparetl between an undredged marsh area, a bay area, and ~n adja
cent marsh area altered by channelization, bulkheading, and filling. Average gross productIOn (mg
carbon/liter/day) in the altered area (canals) was 8% higher than in th~ marsh an~ 4~% higher .than
in the bay during June, July, and August 1969. Gross and net productIon were slgmfican~ly ~llgher

in the canals and marsh than in the bay; differences between the canals and marsh were not slgmficant.

Large areas of shallow bays and marshes are
being dredged, bulkheaded, and filled for water
front housing sites along the Gulf of Mexico
coast. When these sites are developed, shallow
marsh and bay areas are deepened or filled with
spoil, thus changing the environment for marine
organisms. Major changes to the bayshore en
vironment as a result of these alterations in
clude: (1) reduction in acreage of natural
shore zone and marsh vegetation; (2) changes
in marsh drainage patterns and nutrient inputs;
and (3) changes in water depth and substrates.
The effects of these environmental changes on
the productivity of estuarine organisms are
poorly understood.

Basic production in estuaries results from four
types of plant life: phytoplankton, attached
algae, sea grasses, and emergent vegetation.
Production of sea grasses and emergent vege
tation is reduced or lost when natural marsh
areas are dredged and filled for housing sites.
Whether or not this reduction in primary pro
duction by sea grasses and emergent vegetation
is compensated for by an increase in production
by phytoplankton and attached algae is not clear.
The objective of this study was to compare phy
toplankton production between housing develop
ment canals, natural marsh areas, and the open
bay in a shallow Texas 'Bstuary.

, Contribution No. 319, National Marine Fisheries
Service. Biological Lab.orat<!ry, Galyeston! Te~{. 77550.

• National Marine FIsherIes SerVIce, BIOlogIcal Lab
oratory. Galveston, Tex. 77550.

Manu,cript accepted June 1971.
FISHERY BULLETIN: VOL. 69, NO.4, 1971.

STUDY AREA AND METHODS

The study area in West Bay, Texas, included
a natural marsh, an open bay area, and the canals
of a waterfront housing development (Figure 1).
The developed area, which included about 45
hectares of emergent marsh vegetation, inter
tidal mud flats, and subtidal water area prior
to alteration, was reduced to about 32 hectares
of subtidal water by dredging and filling. The
water volume (mean low tide level) was in
creased from about 184,000 to about 394,000
kUter.

Sampling stations were established in dead-end
canals in a housing development, natural marsh
areas, and an open bay area (Figure 1). Water
depths at mean low tide at stations 1 through 5
were 1.6, 2.6, 0.5, 0.2, and 1.0 m respectively.

Primary production was measured on six
occasions at each station between June 18 and
August 14, 1969. Measurements were made
using the light- and dark-bottle technique de
signed by Gaarder and Gran (1927). Water
samples were taken 15 em below the surface at
all stations. A 4-liter bottle having a vent at
the bottom with a 30-cm rubber tube attached
was used to take the subsurface samples. Num
ber 10 netting (O.060-mm mesh) was placed over
the mouth of the bottle and the bottle was sub
merged, mouth down, until the container filled.
The netting was used to eliminate most of the
zooplankton from the samples.
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Turbidity
~ - - - - ladson turbidity units - - - - - -

June 18 9.0 8,0 16.0 16.0 12.0 12,2
June 25 11.5 13.0 29.0 24.5 53.0 26.2
July 9 9.5 8.0 18.0 24.0 14.0 14.7
July 24 12.5 10.0 29.5 24.5 27.0 20.7
July 30 9.0 8.5 21.0 18.5 17.0 14.8
Aug. 13 9.5 6.5 19.0 12.0 18.5 13.1

Average 10.2 9.0 22.1 19.9 23.6 16.9

TABLE l.-Water temperatures and turbidities observed
just before each incubation period.

F Station I
Date~GI Average

- - - - -- -- - - -- "C - - ---- --- - - - - -

Water temperature (0 C) and turbidity in
Jackson turbidity unit-JTU (American Public
Health Association, 1962)-observations were
made just before the water samples for plankton
were taken (Table 1); insolation was measured
with a recording pyrheliometer located at sta
tion 1.

ENVIRONMENTAL AND
HYDROLOGICAL DATA

Surface water temperature varied no more
than 1.5° C between stations on any sampling
date and no more than 3° C between dates at

Dissolved oxygen was measured using a mod
ified Winkler method (Carritt and Carpenter,
1966). Oxygen determinations were made with
in 3 hr after fixing the water samples. Changes
in dissolved oxygen were converted to changes
in organic carbon using the relation formulated
by Ryther (1956): 1.0 mg oxygen is equivalent
to 0.30 mg carbon.

Net production (NP), respiration (R), and
gross production (GP) were determined using
the carbon values from the initial (l), light (L),
and dark (D) bottle values as follows:

NP = L - I, R = I - D, and GP = NP + R.

GALVESTON

8A'

Temperature
W E S r 8 A Y June 18 29.0 29.0 29.0 29.0 29.0 29.0

5 (l June 25 31.5 31.0 30.5 30.5 31.0 30.9
July 9 31.5 31.5 31.0 31.0 31.5 31.3
July 24 30.5 n5 30.0 29.5 29,0 29.7

AREA NATuRAL AREA July 30 32.0 31.0 31.5 31.5 31.0 31.4
Aug. 13 31.5 31.0 30.5 30.5 32.0 31.1

.~~~-------

Average 31.0 30.5 30.4 30.0 30.6 30.6

GALVESTON BAY SYSTEM

FIGURE 1.-Study area and sampling locations in the
Jamaica Beach area of West Bay, Tex.

For each station, six biological oxygen demand
(BOD) bottles (300 ml)-two wrapped with
black rubber tape and four unwrapped-were
filled (gravity flow) from the 4-liter water sam
ple by inserting the rubber tube down to the
bottom of each bottle. About 300 ml of water
was permitted to overflow after the bottle was
full. Two of the unwrapped bottle samples were
fixed immediately for oxygen determination.
The remaining bottles were stoppered and sus
pended 15 cm below the surface. The time of
sampling was recorded for each station and the
bottles were recovered 24 hr later and fixed for
oxygen determination.
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any station (Table 1). Surface water temper
atures were slightly higher in the canals and
bay than in the marsh.

Turbidity values of surface water samples
varied as much as 41.5 JTU between stations
on .June 25 and as much as 41 .JTU between
dates at station 5 (Table 1). Average turbidity
values from the marsh and bay stations were
about double those from the canal stations. On
June 25, however, turbidities in the bay were
about twice those in the marsh and about four
times those in the canals.

Insolation was similar on alI sampling dates.
The daily averages ranged from 0.82 to 0.85
caI/cm'/day.

Overproduction of phytoplankton, in terms of
oxygen balance, occurred in some canals of the
development. Plankton blooms that reduced
oxygen to zero at night, and caused fish kills at
station 1, occurred at least three times during
the study period. These blooms were observed
on .July 4, July 18, and August 7.

PRODUCTION AND RESPIRATION

TABLE 2.-Nd production (NP), respiration (H), gross
production «(;P), and percent respiration (';{R) by
station and date in West Ray, Tex.

-'--']---~ Station

_~~ ..~:~~Ia '1]2-J--3:=I~~~r=-
mg corhon/litt'rlday -

Juno 18 ,VI' 2.01 0.91 0.70 1.08 0.54 1.05
R 0.23 069 0.58 0.31 0.34 0.43

GI' 2.24 1.60 1.28 1.39 0.88 1.48
'X,R 10.3 43.1 45.3 22.3 386 31.9

June 25 NI' 1.33 1.75 0.87 1.04 0.74 1.15
R 0.39 1.07 0.63 0.52 0.37 0.60

(,'1' 1.72 2.82 1.50 1.56 1.11 1.74
(i~ R 22.7 37.9 42.0 33.3 33.3 33.8

July 9 AP 1.80 1.08 1.61 1.34 0.84 1.33
R 0.37 0.56 053 0.43 0.31 0.44

G/J 2.17 1.64 2.14 1.77 1.15 1.77
(,'';:.R 17.0 34.1 24.8 24.3 26.9 25.4

July 24 NI' 2.57 304 1.77 2.40 094 2.14
R 0.43 0.38 0.44 0.70 0.32 0.45

ep 3.00 3.42 2.21 3.10 1.26 2.60
(/!,.R 14.3 11.1 19.9 22.6 25.4 18.7

July 30 XI' 0.81 1.30 1.82 2.12 0.74 1.36
R 0.74 0.46 119 0.40 032 0.62

(;/' 1.55 1.76 3.01 2.52 1.06 1.98
fA·R 477 26.1 39.5 15.9 302 31.9

Aug. 13 NI' 1.94 1.90 1.43 1.57 1.26 1.62
R 087 033 0.77 0.44 031 0.54

G/J 281 2.23 220 201 1.57 2.16
(;/rR 30.9 14.8 35.0 21.9 19.7 24.5

Average NI' 1.74 1.66 1.37 1.59 0.84 1.44
R 050 0.58 069 0.47 0.33 0.51

C;/' 2.25 2.24 2.06 2.06 1.17 1.95
(:kR 23.8 27.8 34.4 23.4 29.0 277

TABLE :l.-CompariHonH of IlPt productivity, respiration,
and groHR productivity between stations (one-way anal
ysis of variancp).

Distinct differences in the percents of gross pro
cluctioll attributable to respiration between canal,
marsh, and bay areas weI'e not apparent.

Averages of gross and net production in the
canals and marsh were significantly greater
than in the bay; differences between the canals
ancl marsh were not sig-nificant (Table 3).

The differences in production between stations
were related to tUl'bidity. The correlation co
efTicient (I') between average gross production
and average turbidity at each station was -0.70.

Average gross production ranged from 1.17
at station 5 to 2.25 mg carbon/liter/day at sta
tion 1 during the study (Table 2 and Figure 2).
Average values at the two canal stations were
almost identical. Likewise, there was almost no
difference between average values at the two
marsh stations. Average production in the ca
nals was slightly higher (8({ ) than in the marsh
and much higher (48~;) than in the bay. In
similar studies ill Boca Ciega Bay, Fla., Taylor
and Saloman (1968) reported that primary pro
duction of phytoplankton did not differ consis
tently between development canals and open bay
areas.

Average net production ranged from 0.84 at
station 5 to 1.74 mg carbon/liter/day at station 1.
Like gross J)roduetion, the values were about
the same among canal stations and among marsh
stations. Average net production in the canals
was 13~!r higher than in the marsh and 51~;

higher than ill the Bay.
Respiration averaged 0.51 mg carhon/liter/

day, or 27.7(;( of gross production and ranged
from 23.4 to 34.4~!r between stations (Table 2).

Net production

Respiration
Gross production

L Significance level:
• 5%

JIll 1%

4,25
4,25
4,25

Comparison between

4.06*

2.30
5.05"
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FIGURE 2.-Gross and net production and respiration by
station and date, and average values for all sampling
dates.

DISCUSSION

It is probable that eutrophic conditions will de~
velop more frequently in housing development
canals than in natural marsh areas because of
differences in phytoplankton production, water
circulation, water exchange, and high nutrient
levels. In this study, gross production of phy~

toplankton in surface waters was higher in the
canals than in the marsh or bay. We did not
obtain information for computing production per
unit area, but it is probable that production per
unit area was significantly greater in the canals
than in the other two areas, the reasons being
the greater depths and lower turbidities in the
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canals. Wind~driven circulation responsible for
reaeration of the waters in the development is
less than in the natural area because of houses
blocking and diverting prevailing winds and be
cause many of the canals are narrow and per
pendicular to the direction of prevailing summer
winds. Water depths at mean low tide in the
development averaged about 1.5 m but were
often much greater, sometimes over 3 m, whereas
depths in the natural area averaged about 0.6 m
but were always less than 1 m. With the average
tide level change of 0.3 m, this means that only
about one-fifth of the volume of water in the
development exchanges with the bay during a
normal tidal cycle, whereas about one-half ex
changes per cycle in the natural area. Nutrient
levels were about the same (nitrogen) or slightly
higher (phosphates) in the canals than in the
natural area (Moore and Trent, 1971). It is
possible, however, that because of reduced water
exchange, nutrient levels in parts of the devel
opment were too high to maintain a balanced
ecological system.

LITERATURE CITED

AMERICAN PUBLIC HEALTH ASSOCIATION,
1962. Standard methods for the examination of

water and wastewater. 11th ed. Am. Public
Health Assoc., Inc., New York, 626 p.

CARRITT, D. E., AND J. H. CARPENTER.
1966. Comparison and evaluation of currently em·

ployed, and modification of the Winkler method
for determining dissolved oxygen in seawater;
NASCO Report. J. Mar. Res. 24: 286-318.

GAARDER, T., AND H. H. GRAN.
1927. Investigations of the production of plankton

in the Oslo Fjord. Cons. Perm. Int. Explor. Mer.,
Rapp. P.-V. Reun. 42,48 p.

MOORE, D., AND L. TRENT.
1971. Setting, growth and mortality of Cra8808trea

virginica in a natural marsh and a marsh altered
by a housing development. Proc. Nat\. Shellfish.
Assoc. 61: 51-58.

RYTHER, J. H.
1956. The measurement of primary productivity.

Limnol. Oceanogr. 1: 72-84.
TAYLOR, J. L., AND C. H. SALOMAN.

1968. Some effects of hydraulic dredging and
coastal development in Boca Ciega Bay, Florida.
U.S. Fish Wild\. Serv., Fish. Bull. 67: 213-241.


