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Abstract

123 diurnal curves of oxveen were obtained in 195960 to further outline the patterns of total
photosynthesis and community metabolism of Texas baye. Examples were analvzed with nighttime
variations in respiration, with changing reaeration constants, and with post-sunset artifacts in compu-
tational graphs. The arca-based reaeration constant incressed with depth, but the valume based
reaeration coeficient was more constant at about 1.2 ppm per he per 10095 deficit, The volume-hased
constant increased with wind velocity, Peaks in the 4 yr seasonal pattern of metabolism in the grasay
upper Lagnna Madre were in phase with peaks of insolation with P and R remaining in relatively
elose balanee from 0.5 gm/m?fday in winter to 20 gm/m?dey in summer, Planktonic syatems of
Corpus Christi bay were equally productive. Metabolism was slight in a winter cold regime and
momentarily interrupted in a spring squall line passage. Hexadecanol had little effect on o salt
pond, and inorganic fertilization cansed inereased metabolism temporarily, Metabalism during dredg-
ing was unhalanced towards respiration, and a case of high photosynthesis in flood regimes was
reported. A very large diurnal oxyeen ranze was reported in an algal Glm svstem with anaerobic
nighttime conditions asseciated with blue-green dominants. Maximum production rates (30-40
gm,/m?/day} were found in the clearest bay, the lower Laguna Madre, with values similar to those
for some Texas sewage ponds indicating the cfectiveness of natural, stabilized communities in
recveling nutrients, Production measurements inside and outaide of enclosures indicated the ability
of turtle grass systems te maintain [airly normal metabolism for weeks following enclosure, Data
from a Louisiana Bayou were similar to data from turbid bays of East Texas, Total phosphorus data
indicated slightly higher values in hypersaline bavs (2-4 mg-atom/m?*) than in hays flushed with
fresh water (0.8-2.4 mg-atom/m?), The larger hays were equally or more productive than the small
sheltered sloughs and harhors of similar depth, Metabolism fluctuated from day to day in a small
boat harbor, but conditions remained aerobic. Extinction coefficients were obtained for white light
ranging from values typical of Gulf coastal water to those with a 1% compensation point at 0.5 m
in turbid bayz, Productivities during the summer in the various bays were correlated with clarity,
Respiration often exceeded photosynthesis in the back bays where land run-off was more important.
For maintaining maximum gross photosynthesis, management measures may be desizned or obtaining
water clarity and maximum light utilization, for holding atable salinity and nutrient water mass
regimes, [or conserving well developed hottom communities for holding nutrient eyeles, and for
controlling bettom depthe to intermediate levels (1-2 m) for optimum combinations of light,
circulation, and oxygen range.

1 These studies were supported by a contract with the Office of Naval Research NONR 375(11)
Project MR 104435 on the Productivity of Texas Bays.
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Introduction

The bays and estuaries along the ocean marging of the world are the frontiers where
man’s enterprise is now exploring new ways of using the sea. To carry oul rescarch,
evaluate fertility, appraise pollution, predict biological events, manage production, de-
velop resource vields, and farm the vast shallow oeeans, one must be able 1o assay day
by day the 1otal photosynthesis and respivatory consumption of these ccosystems, Such
assay is attempled with the diurnal eurve method involving the measurement of oxygen,
total carbon dioxide, and other metabolically active constituents through lwenty-four
hour periods, From such measurements one may seek to compute rates of turnover of
chemical eveles, rates of uptake of radioactive substances, productivities, polentials for
increased vields of marine products, and metabolic conditions of the bay systems.

In previous papers on the broad, fertile bays of Texas, data were presented indicaling
the suitability of the diurnal curve method for the determination of gross photosynthesis
and total community respiration in Texas waters (Odum and Hoskin, 1959; Park, Hood,
and Odum 1958 Bruce and Hood, 1959 Odum. 19607 . To further elucidate the nature
of lotal metabolism and reacration in marine coastal ecosystems, 123 more diurnal curve
measurements have been made in special situations, new areas, seasons, and experimental
tests, Selected case histories and seasonal patterns are presented in this report in order
to interpret the role of depth, light, temperature, turbidity, nutrients, areas, and agilation
on production, respiration, and reaeration.

Methods

Oxygen analyses by the Winkler method were made on water samples collected at
frequent intervals through 24-hour periods representing whole functional areas and
water masses, Then rates of gross production, respiration, and reaeration were compulted.
Procedural details on the graphical analysis were presented in a preceding report
{Odum and Hoskin, 1958). In other papers variations were described for some special
situations (Odum, 1956, 1937, 1960: Odum, Burkholder, and Rivera, 1959). Several
new refinements concerning the computation of diffusion and respiration are here
deseribed, These methods apply in thoroughly mixing shallow waters,

Phosphorus analyses were made by H. Bruce (Bruce and Hood, 1959) and R. Ward
working with C. Oppenheimer using perchloric acid digestions followed by stannous-
chloride-ammoniom molyhdate colorimetry.

Field measurements of fool candles were made with a General Electric Golden Crown
Exposure Meter, Type PR 3 with an incident light attachment. The manufacturer sup-
plied a foot candle calibration. Under conditions of rough field use, changing tensions
on the spring, and other factors, the foot candle data must be considered approximate
and relative,

Wind velocities were meazured in the field with a hand anemometer Model MRF

Florite from Bacharach Industrial Instrument Company, 200 W. Braddock Ave., Pitts-
burgh, Pa.
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CoRRECTIONS FOR CHANGING NICHTTIME RESPIRATION

From studies by Beyers (1962) on microcosms, from data in some diurnal curves
{Fig. 1 and 2), from diurnal data in Silver Springs (Odum, 1957), and from experi-
ments on planl respiration as a function of oxygen content by Gessner and Pannier
(1958} it is known that the respiration of oxygen after dark may exeeed that just be-
fore dawn in many instances, especially when oxygen content is much higher at sunset
than at sunrise. Wherever posl-zunset respiration iz higher than respiration laler at
night an error in the diffusion computation may he introduced ultimately causing a
slight overestimation of of total communily respiration.

ARGNSAES BAY

M3 Tg/L

™

% SATURATION

ok [T 1209 T zan

RATE OF CHANMOE MG Oy /fL/HR

Fi:, 1. Diurnal curve off Hant'e Pier, Rock-
port, Texas, in Aransas Bay, July 11-12, 1960;
salinity, 21 %e. This is an unusnal curve in which
the respiration decreases markedly during the
night. The change in rate of nighttime oxygen
decrease oceurred even thongh the winds dimin-
izhed from 18 mph ol sunact to 7 mph at sunrise,

Recalling the procedure previously outlined in detail (Odum and Hoskin, 1958) , one
selected two points during the night from the rate of change graph. In the rouline pre-
viously used the respiration was taken to be constant at both times of night and any
difference in the rate of oxygen decrease was altributed and computed in ratio lo the
difference in per cent saturation of the water at the lwo times, Since both respiration
and the tendency for diffusion out are greatest in the early part of the night (or tend-
ency for diffusion inward is minimal), one allributed too much of the obzerved oxygen



20 Furifher Studics on Regeration and Metabolism

M0 3 Fe AP ER MERASECANCL  AUBUST (81905

% SATURATION
a

T EORT aRanEas

]

MATE OF CHEWBE MT O,/L Wi
S

&
-

oo den T 2450

Fic. 2. Diurnal curve in a shallow slough (Pond Mo, 2) aller addition of hexadecanol al noon,
Aug, 1819, 1960 salinity 33.6 %o; wind with little varviation through the night 0-6 mph, This curve
shows a decrease in respiration during the night. Also included is 5 map of Port Aransas witlerways
showing pomds and slonghs: 1, beach pool: 2, shell shop pond; 5, Oppenheimer Hoyse pond; 4,
[erey road algal mat; 5, city boat basin, stations a, b, and e,

decline at night to dilfusion. The diffusion correction was overestimated, When the
graphs were finally completed, the nighttime respiration was slightly overestimated and
the P/H ratio too low.

In aerobic waters the magnitude of error is small judging by the small differences
in nighttime oxygen respiration indicaled in sources cited above, The large differences in
Fig. 1 and 2 are unusual, In anaerobic waters, however, very large differences develop
as recently reported (Odum, 1960) in cases in which oxygen consumplion although
rapid after =unset stops later at night as oxvgen runs oul. To some extent a localized
anaerobic effecl may always exist where the boltom ooze is in the euphotic zone with
declining oxygen metabolism al night.

Data by Bevers (1962} on carbon metabolism of several types of halanced microcosms
show the maximal nocturnal respiralion at sunset suggesting a relation to the lahile
organic muller accumulating from the net production of the previous day. In his graphs
respiration declines rapidly, perhaps logarithinically during early night, If the hays are
behaving similarly, the diffusion constants obtained in this paper with the simple
formula (R constanl) are too large, sinee they include some of the change in respiration
as change in diffusion. Were the change in respiration during the night between the
two computational times known, the diffusion constant might be used as

k= '[q-: g ‘]m,:l == rlf'll:!
51' S|'||
where k is the volume based diffusion constant, q the rate of change, v the respiration,

and S the saluration deficil.
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Because the dala on diurnal pH €O, curves for these bays {Park. Hood, and Odum,
19581 do not yet show systematic trends in nighttime respiration, it seems premalure o
atlempt complex assumptions ahout respiration for eslimaling diffusion dircetly from
the diurnal graphs. Thus in this paper the simple procedure has etill been used, and the
values for diffusion constant may be regarded as upper linvts, Ultimately independent
physical determinations of the reaeration constant may =olve this problem with the night
respiration and daytime net photosynthesizs determined after subtraction of diffusion
az independently determined.

In rale graphs analyzed in the previous paper (Odum and Hoskin, 1958], one line for
“R’ was drawn through the average nighttime respiration, In many of the graphs afler
diffusion corrections have been applied, there was observed a greater respiration after
dark than before dawn even without the correction of the diffusion constant described
above, Where pre-sunrise and postsunsct respivation differ in this paper, a dashed
line is connected diagonally connecting dawn respiration rate to the sunset respiralion
rate on the rate of change graph. Thiz line may be uzed for connting squares in estimat-
ing gros= photosynthesis. How real the line may be as an indication of daytime respira-
lion is nol known.

Where the diurnal variation of respiration of oxygen is evere as in anacrobic systems,
it zeems best to use a reaeration {diffusion) constant that is approximated independently
from ks in similar conditions of depth and mixing as measured under aerohic condi-
tions (Fig. 3}1. For example, k or about 1 gm/m*/he /1005 deficit iz representative of
the Texas bays under average conditions. After applving the assumed diffusion con-
stant, one may use the corrected rale graph o indicate the course of night respiration.

Reagration ConsTanTts Aanp WaTer Depra

In streams the area-hased reaeration coefficient increases with the rate of stirring and
thus increases with current, wave action depth, and size of the water eddies (Phelps,
1944 ; O’Connor, 1958; Vele, 1939). Consider reaeration relationship to depth in the
bays. Reaeration constants compuled by the divrnal corve method for Texas bays have
been plotted in Fig. 3 as a function of depth. Reaeration and the variation in re-
aeralion increase with depth. Although the reseration computations from diurnal curves
are subject to many sources of variation and error, the data show a regression from
values of 0.1 gm/m?® /he /1005 deficit in shallow water 1o values greater than 3 gm/m?*/
hr /1009 deficit in the deeper bays. The line in Fig. 3 may be uzed to estimate reaeration
conslants where nighl data are inadequate or where other complexities prevent the usual
computation,

The volume hased reaeration constant (k) in gm/m?® /hr/ 1007 deficit is related to the
area based constant (K) by the definition:

K = zk where z is depth in meters.
The regression line for K from Figure 3 was converted inlo a line for k by dividing by
depth as indicated in Fig. 3. The volume based vonstant iz rather independent of depth
in these }YJH}’S.
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Fiz, 3. Reaeration congtants on an area hasis Fie. 4. Reaeration constants on a volume bagis
(K in gm/m=/hr/100%5% deficit) az a function of ik in units ||;|;-_5_.-"[__-"'|1|'_.-"'|_|:][b’;-f-_ deficit) plotted az a
the bottom depth (in meters). A linear regres-  function of sverage wind velocity during night-

gion line is plotted as computed from the data  time hours,
pointg, Dashed lines form boundaries for %5%

confidence. Also plotted is the =ame regression

line expressed as a volume basis (k =K/ in

units mg/ 1 hre /1009 deficit) . Each point in this

figure was computed from a divrnal curve wsing

changing rates of change at night fellowing the

procedure of Odum and Hoskin {1958).

Values for reaeration in San Diego bay ol aboul 0,12 gm/m* he /1007 deficit (vol-
ume hase) ('Connor, 1958) and for the Thames estuary by Gameson and Barrett
(1958) of 0.5 gm/m*/hr {area base) are within the range in Texas walers on the low
side,

REeAERATION CoNsTANTS AND WinDp VELOCITY

Because the passes are narrow and the Gulf tides small there is little tide in most of
thee bavs and most of the stivring action iz wind driven due to waves and wind-induced
circulation. The reacration coeflicients as computed from the dinrnal graphic analyzes
are plotted for environments of similar depth in Fig. 4 as a function of ohserved wind
velocity during the night, Increasing reaeration coeflicients can be observed with in-
creasing winds. The graph in Fig, 4 has been uszed in several instances to compute
diffusion corrections on days in which wind velocities varied markedly st different
limes, Estimates of wind velocily in the field were used o select a reaeralion constant
for each time of the day. Computation ol reacration rales {rom a diurnal graph can
only be done if one has two periods with nighttime rate measurements in which wind
velocities are fairly similar, Such data are plotted in Fig. 3 and 4.
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PosT-sumskET DMFFUSION ARTIFACT

In the usual graphic analysis of diurnal curves, after selection or computalion of k.
the diffusion correction is applied for each hour of the day and night so that the final
rate of change graph indicates only the photosynthetic and respiralory metabolic rates.
When no allowance is made for changing constants and where there is a change of re-
aeration rate due to wind variation, some arlifacts are produced, One of these artifacts
has heen observed frequently, a post-sunset bulge, Where this irregularity is recog-
nized it may be allowed for in metabolic computations, Field measurements of wind ve-
locity with a hand anemometer are now a standard part of the diurnal procedure,

In many localities on the Texas coast particularly in summer there is a marked sea-
hreeze-landbreese effect =o that the prevailing southeast trades pulse with diurnal vari-
ation. The bay waters are much more vigorously mixed in the evening than in the early
morning. There is a resulting diurnal change in the reaeration constant. Because many
of the curves pass through saturation aboul sunset, the error is not great in most in-
stances. However, if one uses one reaeration constant uniformly during a night, one
introduces an artifact that looks like a burst of post-sunszel photosynthesis (Fig. 5 and 6).
This graphic artifact develops because one undercorrects for aeration early in the eve-
ning and overcorrects later. One may suzpect this effect whenever the post-sunset oxygen
curve is concave downward. To avoid the effect one may use a different k in the early
evening from that used later at night using wind ohservations and Fig. 4 to estimate a
suitable k.

Results

In the paragraphs that follow photosynthetic and respiratory data are presented for
several situations and seasons with an interpretive emphasis on the special features
discussed in each case as a natural experiment, P is gross production; R is total com-
munity respiration,

The various new refinements in analvsis of these graphs have been applied to older
data wherever used in this paper so that the values in Fig. 7 may not be exactly the
same as previously published in =ome inslances,

In presenting dinrnal data from a 24 hour series, all items are arranged with noon
in the middle of the graph even though the series hegan at any time of the day. The
right side of the graph may be carlier in time than the left side. The time of start is
indicated by a break in the line connecting the points. One should not compute a rate
of change for the segment connec

ing the start to the end. as such a segment is not real,

One may connect the points on the rate graph across such a gap in order to compute
) | g

photosynthetic areas withoul affecting values appreciably.

SEAsoNAL OvonEs 1% THE Lacuna Mapke, o THIN-GRASS SYSTEM

With the help of many perzons and az part of several related studies, diurnal curve
measurementz have now been made in the Laguna Madre over a period of 4 yvears in-
cluding dry and wet years. The measurements in the first year were made in a slightly
more inshore station inside Pita island than in later years when the curves were taken
sutside of Pita island. Data on photosynthesizs, respiration, computed diffusion con-
stants, salinity and lemperature are reported in Fig, 7,
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Fie. 5 Diurnal curve showing the post-sunset
bulge artifact due to decreasing winds and aera-
tion after dark frequently found in Texas due to
seabreeze effects, Grass flats in the Lower Laguna
Madre at Port Isabel, 1.4 m, salinity 36.7%, wind
velocities in mph.

POAT DAY BRIOGE, COPANO BAY JULY 11-E2, 196D
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Fic, 6. Diurnal curve with post-sunset bulge
artifact in Port bay, a low salinity arm of Copano
Bay receiving Arvansas River, Depth 0.92 m; =a-
linity 13.6 %o, July 11-12, 1960,
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Fic. 7. Four vear rvecord of gross photosyn- Fiz, 8. Diurnal corve for Corpus Christi fron

thesis (Py and community respiration {K) in  Tndian Point Pier, July 29-30, 1960, Salimity
the Lamuna Madre, Each point representa o 3406 %y water depth 3 m: temperatnre rang
diurnal curve on o particular day as indicated. 28 to 32° C: wind 7 to 14 mph, A typical grapl
Salinities aned temperatures (daily vanges) are  for a deeper hay,

also plotted for the particular days of the 24 he

studics.

The upper Laguna Madre in the study area is carpeted with a firm bottom and fin
grass in waler aboul ane meter in depth. In the dry vears with the salinity above 40,
thiz grass was almost exclusively composed of Diplanthera wrightis, but during the rela
tively wet vear of 1950 considerable Ruppia maritima developed, diminishing again ir
1960,

Only in summer 1960 were dense mats of dead grass ohserved accumulating, In gen
eral consumption and production were closely correlated. There was an immense dif
ference between the winter and the summer (Fig, 7). Whereas 96,000 fool candle-hour:
were received on a representative summer day July 25, 1960, only 4500 fool candle
hours were received on a cloudy winter day Dec, 8, 1960, and 19,500 foor candle-hour:
on a clear day in winter. Dee. 28, 1961, The low winter photosynthetic productivitie
thus were correlated with winter cloudiness and short days, Unlike Florida at a simila
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anmual pulse in the energy entering the biological svslem. The ohserved photosynthesis
reflects this cloudiness. The close correspondence of respiration with photosynthesis
without lag suggests that the life cveles of the organizms are sufficiently adjusted to pro-
vide almost simultaneous increase and decrease of consumer populations to maintain
equivalence of PP and R. The migration of mullet, shrimp, crabs and other consumers
from the Laguna (Hellier, 1962) is a part of this system which diminishes winter me-
tabolism as the photosynthesis drops. There is relatively little lag.

The temperature sequence parallels photosynthesis only in part. Productivities fall
rapidly after July whereas temperature does not diminish appreciably until November.
See plot of temperature by Hellier (1962). Although the decrease in salinity produced
some differences in plant lype, gross photosynthesis was little affected,

Meranoviss 1x Corpus CHrIsTI Bav, o PLANKTONIC SYSTEM

A very different type of ceosystem, the deeper bay, is represented by Corpus Christi
Bay, a large moderately turhid system 3 to 4 m deep, in which wind and waves provide
a strong circulation. Salinity studies such as that by Hood (1953 indicate a generally
counterclockwise circulation as might be expected for a body receiving freshwater river
flow. The salinity varies markedly between wel and dry years with values ranging from
10 to 45 %, The bay metabolism is hased on a plankton system, The shade of the rela.
lively deep and turbid water prevents growth of extensive grass areas. Several industrial
eflluents enter along the margins. A typical divrnal curve is given in Fig, 8,

Data were collected on Corpus Christi Bay over a period of several years as indicated
in Table 1. In general the oxygen amplitude was slight and production usnally relatively
small per volume (one or two mg/1/day ), In the tolal water eolumn, however, eombined
production and respiration approached values for other hays, The divrnal curve for In-
dian Point Pier, June 20-30, 1960, {Fig. 8) isreprezentative,

Along the waterfront at Corpus Christi is a protected area behind a breakwater, In this
inner area there was calm water with some stagnation and opportunity for fertilizations
and pollutions fram hoat activity, In this *“T head™ area an instance of high metabolism
is reported (Table 1),

Synoptic CouMparison oF METABOLISM oF THE TExas Bavs IN SUMMER

During summer {June-August), 1960, an intensive effort was made to measure the
metabolism of a number of the bays of Texas during the same summer season, The re-
sulting values [or gross photosynthesis and total respiration are plotied in Fig. 9. The
grass and plankton tvpes are represented as already described, but each bay has dis-
tinetive features,

The general high level of summer metabolism is again demonstirated as compared with
values of 1 gm/m*/day for the central oceans (Ryther, 1959, The back bays in drowned
river valleys with values from 1 to 12 gm/m®*/day were somewhat less productive than
some of the fronl bays along the beach barrier, not immediately part of the river vallevs,

In general the back bavs and thoze with river inflows receive more turbid drainages,
more pollutions, more wind disturbances, more flushing, and more shocks of high and
low salinity variation, These factors may be responsible for lower sustained pholosyn-
thesiz values,
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Tarre 1
Gross production, community respiration, and reacration constants for Texas bays. Data for Redhsh
Bay and Laguna Madre are in Figures 7 and 21. An asterisk {*} indicates that data
were not suitahle for computing reaeration constant,

P
Depth Salindty  Tempernture  gm/mt lg:rﬂ_."m“_.II E.m-"m.-'_."
e 4

Date m i ay al 05,
NUECES BAY
Outlaw Bait Stand July 3031, 1959 0.25 15 2833 r 47 2 0.4
Outlaw Bait Stand July 1617, 1960 061 35 29-33 129 1.9 L
Near East end of causeway  July 16-17, 1960 0.3 a5 2934 3.6 1RY .
050 BAY
Under Bridge June 30-31, 1959 06 22 26-154 6.8 24 1.0
SAN ANTONIO BAY
Hymnes Bay July 11-12, 1960 0.5 2 2735 4.2 G4 0.8
Hoppers Landing July 11-12, 1960 04 fa 8234 27 5.7 (1.6
Gonzalez Camp July 11-12, 1960 .5 b3 27-35 4.3 2 07
MESQUITE BAY
Red Algal Bottom July 2225, 1957 7 15 28-31 3.7 7.3 0.7
Shell Bottom July 2225, 1957 1.0 16 2331 a1 a8 0.8
Cedar Bayou July 2223 1957 1.5 25 2331 24 a0 22
ATANSAS BAY
Hunts Pier, Rockport May 1920, 1957 z 21 26-28 10,0 0,6 “
Rockport Basin Aug, 5-6, 1957 1.5 G 31-az2 6.1 11.5 1.1
Hunt's Pier, Rock port e, 20, 1957 1.4 19 22-26 6.1 .8 1.8
A & J Pier, Rockport July 10, 1959 1.0 a0 20-32 .6 4 1.0
Hunt's Pier, Rockpaort July 11, 19640 20 21 28-32 6.8 10.% 2.7
LOWER LAGUNA MADRE
Port Isabel, Sta, 1 Aug. 89, 1960 1.4 T 28-30 6.3 13.8 0.7
Port sabel, Sta, 2 Aug, 89, 1960 1.4 " 28-30 A0 19,7 1.0
Port Isabel, Sta, 3 Aug, 29, 1960 0,9 a7 28-30 226 6.7 1.3
Paort Mansfield, Sta. 1 July 25-26, 1960 0.9 a6 28-31 1.7 4.3 0.7
Port Mansfield, Sta. 2 July 25-24, 1960 1.4 41 20-31 T 19,7 L&
Port Mansheld, Sta. 3 July 25-26, 1960 1.4 A0 20-31 #25 1.4 1.4
BAFFIN BAY
County Pier, Loyola Feh. 4, 1957 1.0 9 23-25 16.6 0.6 23
County Pier, Loyola June 12, 1957 1.0 5 2932 4.2 12,9 1.0
County Pier, Lovola July 26-27, 1957 0 57 o833 78 13.8 ]
County Pier, Lovola Aug, 15-16, 1957 0o 63 2032 6,49 g8 0.9
County Pier, Lovala Mo, '14=15, 1957 1.7 L] 15-20 71 40 1.0
County Pier, Layvala Dec, 22-23 1957 (IE] [ 19-21 4.0 5.1 13
County Pier, Lovola Sept. 3-4, 1958 1.0 42 28-31 24 3.4 .5
County Pier, Lovaela June 18-1%, 1959 1.3 S0 28-31 122 25.3 1.3
County Pier, Lovela Sept. -8, 1959 1 41 27-30 5.0 8.3 0.7
County Pier, Lovela Dec, '1-2, 1959 1.0 49 14-17 1.7 1.8 1.5
County Pier, Lovala Jan, 85, 1964 1.1 49 12-15 4.7 2.4 1.1
County Pier, Loyola April I, 1960 1.1 51 2205 a0 19.8 74
County Pier, Lovola June 21, 1960 0.5 il 2852 3.5 0.7 08
County Pier, Loyola July'12, 1964 1.4 59 H-32 6.4 132 .
(1T Riviera Beach June 28, 1960 1.6 53 2850 19.2 18.4 a9
Middle Bay Tuly 56, 1964 08 51 25-31 4.3 8.3 0.4
Penescal Point July T8, 1960 1.0 47 o 05 35 73 0.5
Alazan Bay July 14, 1960 1.3 oo 25-33 125 13.5 na
SEWAGE LAGOONS, TEXAS HEALTH DEPARTMENT DATA
San Marcos July 12, 1642 0.8 fresh  27-30 17 14 0.6
San Marcos July 14, 1948 (1K fresh 27-30 16 Y 1.7
San Marcos July 3, 1948 05 fresh  27-30 ual o5 1.1
San Marcos Aung. 5, 1948 0.8 fresh  27-30 a2 27 05
SABINE BAY
Paort Arthur June 27, 1960 20 15 27-31 3.8 11.3 24
CORPUS CHRISTI BAY
Inzleside, Moores Pier June 21-22, 1957 1.4 23 28-30 5.3 7 07
Indian Paint Picr June 26-27, 1559 3.0 28 28-29 0.8 0.4 s
Indian Point Pier, z
tropical storm June 23-24, 1960 a0 20 26-29 8 &5 -
Indian Peint Pier June #9-30, 1960 3.0 A5 2832 06 123 30
T Head June 15-16, 1960 3.1 A3 27-30 20.4 21.6 .




34 Further Stidies on Reaeration and MWetabolism

Tanrre 1—Continued

Gross production, community respiration, and reasration constants for Texas bays, Data for Redfish
Bay and Laguna Madre are in Figures 7 and 21 An asterisk (*) indicates that data
were nol suitable [or computing reaeration constant,

Ir m b
Depith  Balinily  Temperalure  gm/m®" gmdn?S Em{}m’_,-"
Dale m b A ny day bir at 055
Maorth Beach, pier,

tropical storm June 23-24, 1960 2.4 a1 2620 38 18.4 -
Naorth Beach, pier June 20-34), 1960 24 R 27-29 134 13.7 4.6
Dso Pier June 30-31, 19460 a0 20 2050 Tl 108 o
Czo Pler July 56, 1960 a7 e 28-82 26.6 18.6 =

COPAND BAY
Bavyside Oet, 20=21, 1957 20 18 22-25 1.6 1.7 %
Route 35 hridge May 1920, 1957 1.0 13 20629 adl T2 3.8
Port Bay bridge May 19-20, 1957 LI} Rl 20=31 3.6 4.3 0.4
Bayside, pier Ang, B, 1957 1.5 12 =32 5.0 14.7 3.4
Bayeide, pier July 11-12, 190 1.5 & 2R-31 10.5 24.1 27
Fort Bay hridge July 11-12, 190 0.9 14 2732 1400 220 0.9
MATAGORDA BAY
Iavaca Bay Bridge June 17-18, 1957 15 5 20-30 1.0 7.8 1
Lavaca Bay Bridge July 15-16, 1960 1.7 1 20-32 10.4 400 2
Tres Palacious, pier June 17-18, 1957 1.0 4 20-31 a8 58 0.6
Tres Palacions, pier July 1415, 1960 1.0 A 20-32 125 0.5 1
Caranchua Bay Bridge July 4-15, 190 0.9 | 2834 .01 +.1 0.6
SLOUGHS AND BOAT HARBORS, Port Aransas
=hell Shop Fond,

Fig. 2, No, 2 July 1-2, 1957 1.0 26 28-30 5.3 113 1.3
Shell Shop Pond July 21-22, 1960 0.4 30 29-37 14.7 13.7 0.3
Shell Shop Ponil July 27-28, 196{) 0.4 a4 29-31 5.8 1000 %
Shell Shop Ponil Aug. 34, 1960 0.4 3 2935 12.00 5.5 0.3
Shell Shop Pand Aug. 10-11, 1960 4 ) 30-56 11.6 9.1 >
Shell Shop Pond Aug. 16-17, 1960 it A 3-34 106 6.1 0.4
Shell Shop Pond. after

hexadecanal added Ang, 18-1%, 1960 0.4 36 M-35 11.0 T4 03
Port Arangas Beach pool

near jetty, Fig, 2, No.l July 1-2, 1957 115 25 27-82 1.5 a3 0.3
Pond, I'ig. 2, No. 8 July 5-6, 1960 3 Al 27-86 3.0 4.3 ]
Pond, Fig. 2, No. 3,

after fertilization Tuly 18149, 1960 0.3 35 27-36 12.0 12.7 0.5
Pond, Fig. 2, No. 3 Tuly 21-22, 1960 0.3 35 2837 11.4 a1 02
Pond, Fig. 2, No. 3 July 27-28, 1960 (151 34 2036 1000 10,2 i,
Pond, Fig, 2, No. 3 Ang, S=1, 1960 0.3 a0 28-36 i f.5 0.2
Pond, Fig. 2, No, 3 Ang, 10-11, 1960 0.3 45 2936 #.0 5.8 0.3
Pond, Fig. 2, Mo, 3 Aug, 16=17, 190 0,2 34 A0-36 3.z 1.7 0.5
Pond, Fig. 2, No. 3,

hexadecanal added Aug, 18=14, 190 D2 3 30-35 4.0 5.7 0.2
Ferry Road algal mat,

Fiz 2, No. 4 July 5-6, 1960 .15 35 27=-37 29 232 (16
Ferry Road algal mat,

traee metals added Tuly 1819, 190 0.13 4 a7=38 5.4 A 026
Ferry Road algal mat July 21-22, 1940 13 40 ¥7-39 fi.fy .6 0,27
Ferry Koad algal mat,

Fiz. 2, No. 4 July 27-28, 1960 0,05 2640
City Lannching Basin,

(by G. Kone) Fig. 2, July 25-26, 1959 2 33 30-32 4.3 4.4 (L&

Mo 5, Sta, a
City Launching Bagin,

{by G, Kone), 5ta. b July 2526, 1959 s 54 25-31 4.2 4.7 0.5
City Lannching Basin,

{by G. Kone), Sta, ¢ July 25 26, 1954 2 34 20-31 5.5 9.4 29
City Launching Basin Aug, 10-11, 1955 2 A A0-32 9.8 0.6 1.5
City Lannching Basin July 5-6, 1960 ] 32 29-32 (iR 27 1.2
City Launching Basin July 18-1%, 1960 2 3B 3--32 180 0.7 1.8
City Launching Basin July.21-22, 1960 2 30 20-33 58 1.4 1.3
City Launching Basin July 27-28, 1960 2 a4 A0-33 i
City Lounching Basin Aug, 3-4, 1960 2 32 I-33 17.7 (X1 1.0
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Fiz. 9. Synoptic map of gross photosynthesis
(P} and twenty-four-hour respiration (R} in
Texas hays in June, July, and August, 1960, Each
value iz given in gm oxyvgen/m*/day. The upper
value iz gross photosvnthesiz; the lower value is
total community respiration. Galveston values
in 1961, July 15-19: Eagle Point, West Bay, and
Lower-center of Trinity bay (held assistant,
N. Vick). Each number is a mean of three.

LAGUMA MADRE [DEPTH 90 CMl MAY 1L, 19860
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Frc. 10, Diwrmnal curve in the Laguna Madre

May 11, 1959, showing the pussage of a cold fron
tal =quall line with o zone of heavy clondiness i
the middle of the day. Salinity 49 %, depth 0.9
temperature range 24 1o 24°C, wind light excep
60 mph during squall passage.

Whereas the front bays (Laguna Madre and Redfish Bay) are shallow and ofter
grassy, the back bays tend to be deeper with insufficient light reaching the bottom for
fully developed production. Where they can develop, the benthic communities are gen-

erally more fertile than the plankton communities as illustrated by data in Table 1.
High gross productivity is correlated with the establishment of a stable communiry
with its self-contained nutrient cyele. Thus the very high zalinily conditions of 40 tc
70 %e in Baffin Bay and Laguna Madre although unfavorable lo particular species are
apparently nol detrimental to overall production and respiration since highest vahues

are obtained in these regimez. Where evaporating conditions are developing, nutrient:

are conserved, concentrated, and biota may be stabilized.

The general patterns of metabolism with time and space were outlined in Figs. 1-9.

Next consider some !-i]::ll!(.'-i.iil CASES,
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MeTapoLiss Durine Passace oF a4 DENseLY-cLoUDY Coln FroxT

On May 11, 1959, a diurnal curve was taken in the Laguna Madre in which a norther
passed in the middle of the day. The dala are presented in Fig, 10, As indicated in the
foot candle graph the frontal cloudiness was sufficient to reduce the light available 1o
photosynthesis to 5% of that which preceded and followed the passage of the sharp
frontal squall area. An interruption of photosynthesia was produced by the interruption
of light. Similar instantaneous changes in photosynthetic rate have been observed with
changes in cloud cover in many graphs.

MeTABoLISM During Days oF Mivimus TEMPERATURE 1vn WINTER

In the seasonal record of metabolizm in Fig. 7. the winter days reported are un-
representatively high sinee the data were generally collected belween cold spells on rela-
tively sunny days and at times of higher temperature. In the series for Laguna Madre,
February 24, 1960, however, a special effort was made to obtain data during one of the
cold, cloudy periods accompanied by the strong north winds typical of winter northers in
Texas,

Examination of the oxygen graphs in Fig, 11 shows the effect of temperature change
in modyfving the oxygen content of the bay waters, With thirty mile per hour winds

LAGLMA MACHE (DEPTH PO OM] FERSLUARY R4-208, 1960
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Fic, 11, Diurmal oxygen curves for Laguna Madre, Fehruary 24 and 25, 1960, during the weather
regime associated with passage of a cold norther and later return to more normal temperatures,
Salinity 31 %e, depth 0,70 m,
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Fic. 12, Diurnal curves at two stations in 00 & TI‘EF I8 o

Corpus Christi bay June 23, 1960, as a tropical

storm approached, accelerating winds, and lower-
ing heavy elonds. This is an example of the effect
of an increasing reaeration rate during the coursze
of the day.

Fuz, 14, Dhurnal curves for the Oppenheimer
House Slough before and after fertilization with
nitrogen-phosphorus fertilizer, See Fig, 2, pomd
No. 3.

blowing polar air over bays (0.5 to 1 m deep there was a rapid fall of temperature of the
water, corresponding inerease in saturation capacity of the water. and influx of oxygen
by dilfusion. Under conditions of rapid diffusion due to wind agitalion, conditions are
not optimal for application of the divrnal eurve methods, Nevertheless when the diffu-
sion correction was applied in the usual manmer and the oxygen that had diffused in was
removed from the rate of change curve (Fig, 41, a definite though small photosynthesis
was found. Even though temperature changes are large and rapid in the bavs in winter,
the metabolism and photosynthezis of the communittics does continue. Some acelimation
is suggested by the greater respivation the seeond day,

During the same period a 24 hour dark-light experiment was run in (riplicate with hot-
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tles at surface and bottom, On an area basis plankton metabolism estimated from bottles
was 0.28 gm/m®/day respiration and 049 gm/m*/day gross photosynthesis. As in
previous comparisons of bottle and [reewater data, higher values in the freewater
indicate importance of hottom components (Odum and Hoskin, 1958},

CoMPARISON OF METABOLISM ON SUCCESSIVE
CrLEaR Days anp CLouny Davs

In the Thalassia-Diplanthera grass of Redfish bay diurnal curves were taken lor a pair
of successive clear and coludy days in winter, January 31-February 1, 1957, and for a
pair of successive clear and cloudy days in summer, August 10-11 and August 13-14,
1960. The data in Table 1 indicate a very large range in photosynthesis from day to
day correlated with cloudiness. In winter the sunny day was 50% more productive:
(clear day, P = 6.3 gm/m*/day; overcast day, P = 3.9 gm/m?/day) ; in the summer ex-
ample 4 times more productive; (clear day, 10,000 foot candles at noon, P = 38.5,
R=133.0 gm/m*/day; cloudy day, 3.000 foot candles at noon, P- 85 R=79
gm/m*/day). Apparently the respiration was a function of the photosynthesis since it
diminished on the cloudy day. Beyers (1962) found a close correspondence between
community respiration and communily photosynthesis in microcosms from day to day,
F depending on the preceding R and vice versa.

MerasorLisym During ApproacH oF A TROPICAL STORM

On June 23, 1990 a diurnal curve was obtained at two slations in Corpus Christi Bay
as a lropical storm moved in. Data are presented in Fig, 12 and diurnal computation
made on the mean curve, The winds increazed from early morning at 5 mph to 40 mph
by sunset occompanied by lowering ceilings and heavy rain. Reacration was maximal
by evening with waters swirling around the bay at a great velocity in water ahout 3 m
deep. By evening the changing reaeration constant was 2 to 3. In spite of the tremendous
reacration rate, the oxygen remained in equilibrium below saturation presumahbly due
to increasing respiration. The computed respiration rate necessary to balance reaeration
was higher than usual for Corpus Christi Bay as might be consistent with high tempera-
ture, extensive agilation, and resuspensgion of bav botlom materials under maximum
winds. The photosynthesis was measurable in the morning while the light intensity was
appreciable before the onset of heavy alternoon elouds. The analysis of this curve is an
example of use of the divrnal methods in a complex situation, Complex analysis cannol
yet be turned over completely Lo rontine assay.

METABOLISM IN A SMALL Boat Harpor

In spring, 1959, a small boat harbor was dredged into the land of the bar island at
Port Aransas producing a slagnant arm of the sea about 4 m deep, 30 m wide, and 300 m
long {Fig, 23 Shortly after its formation in summer divrnal curves were run for 3 sta.
tionz (Fig. 2: a, b and ¢} in this body by Miss Gertrude Kone as part of course re-
quirement of General Marine Science with the results in Fig, 13, Data from the deeper of
two sampling levels indicated a greater respiration than at the surface level. although
stratification was not sharp, Computation of production was made with the mean of top
and hottom samples.
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After a year of heavy use by small boats. curves were again analyzed for the summer
of 1960 with the results in Table 1. The use by the boats, [uel leakages, and other lo-
calized pollutions had apparently no great effect at that time. In spite of the considerable
metabolism and sheliered nature of the bazin, anaerobic conditions did not develop.

There was considerable range in metaholism from day to day (1L4-18 gm/m*/day}.

METABOLISM OF SLOUCHS

On the marging of the bays are small hollows, depressions, and pools at intertidal
level containing 0.1 to 1 m of water. Some of these are connected with the main waler
body: others are isolated [rom normal water exchange. A series of measurementz of
metabolism was made in these sloughs, These hodies generally lack the strong circulation
of the wind driven motion of the broad davs of similar depth. but some have special lo-
calized sources of nutrients from pollutions, land drainage, or other canse. Diurnal
curves were run on some of these sloughs as reported in Fig, 2, 14-16, and Table 1.

Whereas the daily range of oxygen was maximal in these bodies because all of the
metabolism was compressed into a very thin layer, with the exception of the shell shop
pond. the total metabolism per area {3-9 gm/m®/day] was not as great as in some of the
larger bays that were belter mixed and less disturbed such as Redhish Bay and Laguna
Madre. All intertidal waters tended o be subjected to catastrophic drying during ex-
tremely low sets of the Gulf when water drained oul of the bays for several days, Turbid
flonding occurried at high tides. and fresh water flooded in during heavy rains.

During the period the shell shop pond was reeciving hish offal and domestic pollution.
Photosynthesis and respiration rates of that slough were greater than in the other -
toral waters measured (5-15 gm/m*/day, Table 1).

FERTILIZATION 1IN SLOUGHS

In Fig. 14 are graphs for Oppenheimer Honse Pond, a small slough in which 50
pounds of nitrogen and phosphorus fertilizer powders were added July 18, 1960, As in
other fertilization work in fish ponds, there was an immediate stimulation of photosyn-
thesis (Table 11. Apparently the concentralion of trace nutrients heing maintained by
the internal P-R eyele in the slongh was Tess than the new concentrations which devel-
oped when the Tertilizer was added. Subsequent measurements indicated a reurn to pre-
fertilization values by the end of August a month later (Table 1) . Respirvation values fol-

lowed photosynthesis values,

METABOLISM IN A WATER F1ia SysTEM

Ome ol the important ecosvslems of the south Texas bay marging is the blucgreen
algal mat growing in films of water about 10 em in depth. Diurnal eurves in such sya-
tems as in the example in Fig. 15 provide zome insight as to the kind of environment
and productivily.

In spite of the extreme shallowness of the water. the range of oxyzen was tremendouns
from anacrobic conditions to 240 per cent supersaturations in the course of the day.
Contrary to expectalions based on the theory that shallow waters are well aerated,
the aeration iz less effective in moderaling the metabolizm in the film community
than in deeper svslems, The action of melabolism lends o be concenlrated in such
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a thin layer that diurnal changes are very large. The reaeration constant, on the
other hand, on an area basis diminishes with depth (Fig. 3) . In the example in Fig. 15,
K is .25 gm/m*/hr/100%, and areation does not keep up with the wild swings of the
concentrations in the film, For example jusl before noon, clonds diminished the light
intensity as recorded in a drop from LOLOO0 to 6,000 fool candles, As instantancous and
marked drop in oxygen content oceurred (Fig, 15).

It may be postulated that the reason for the dominance of the blue green algal mats
in waters at 10 cm and not at greater depths is the anaerobic nighttime period in the
film systems. Apparently the shallowest systems in the Texas bays are the only natural
communities which regularly zo anaerobic al night. The blue-greens survive.

The temperatures may also have a role in cansing unnsual biota, The diurnal range
of temperature from 27 to 39°C in the very shallow waters and the wide fluctuation of
oxygen contents tends to eliminate mosl consumer species thus favoring a nel deposit of
organic maller, The possible role of the algal mats in organic sedimentation has been
already discussed {Fisk, 1959} .

HexapEcanon EXPERIMENT IN A SLOUGH

Twelve pounds of hexadecanol were broadeast by hand on August 17, 1960, on waler
and marginal muds of cach of two slough ponds (Fig. 2: Oppenheimer Honse Pond
(No. 3) and Shell Shop Pond (No. 2} after diurnal curves had been made previously.
Surlace water ripples were visibly damped as the malerial was cast on the water in Hakes,
but by the end of the 24 hour period there was no sign of the hexadecanol over the water
and the ripples were back to normal. Metabolic values were not markedly changed al-
though there was possibly some increase in respiration over photosynthesis (Fig. 2 and
Table 1). Harris and Meinke (19601 also reported an increase of bacterial action in sedi-
ments of lresh waters receiving hexadecunol due lo metabolizm of the solid aleohol ma-
terial by the bacteria.

MeTapoLic RaTes oF Sewack Ponps

During World War IT the Texas State Health Department made some studies of oxy-
gen in experimental sewage lagoons, Some of these data were made available for the
purpose of computing the total production and respiration. The data were derived from
an unpublished report prepared by V. M. Ehlers, T, W. Ray, and E. C. Nelson in 1949

The pond on the average was (.75 m in depth, 41 m long, and 2.4 m wide. Supple-
mentary lights were provided at one end. Some difference in oxygen values were found
with about 14 ppm more oxygen in the lighted end. In recomputing the graphs Tor pur-
pose of comparison with the natural bays, the data for the two ends of the long lagoon
were averaged as presented in one series in Fig 16, As included in Table 1 production
ranged from 14 to 46 gm/m?/day with respiration in a similar range. I exceeded R in 3
of the divrnal curves but IR was in excess in the fourth.

Reseirarion Excess v Back Bays

The hack bavs extending away from the beach line and receiving rivers developed
respitalion in excess of photosynthesiz (Table 4: Fig. 1, 6, 17 and 18) suggesting a con-
sumption of organic matter from an imported or previously stored source, R was preater
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Fiz, 16, Ddurnal oxygen curve inoa freshwater b LIGHT TRANSMISSION
sewage lagoon, San Mareos, Texas, July 20, 1938,
Data from Ehlers, Ray and Nelson, Depth 0.75 Fic, 17. Diurnal curve for Sabine Lake, Port
m; P, 21 pm/m*/day: R, 25 gm/m*/day. K = Arthur, Texas, June 27, 1960, Salinity 154 %,:
LOG gm /m= S 100%: deficir. ||.|:||I|| 2 m.

than P at times of high turbidity both in low salinity conditions and in very high salinity
conditions. Note frequent low P/R ratios for Baffin, Sabine, Lavaca, Corpus Christi,
Copano and San Antonio Bays {Table 1). Baffin Bay is in a very arid area and was oh-
served with an exeess of respiration over photosynthesis for extended periods. The bay
was conlinuously turhid sugeesting a runolT of organic matter afler clondbursis aver
the arid lands of the surrounding King Ranch, little-covered with vegetation. Whereas
the rains coming in floods were not frequent enough Lo equal evaporation, runofl was
apparently adequate to supply the bay with enough particulate or other organic matter
to maintain consumplion in excess of photosynthesis,

Upper areas of San Antonio Bay at low salinily were ohserved with low P/R ratios
near the bay delta of the Guadalupe River on two occasions also (Table 1. The Louisi.
ana Bayou curves cited in a later paragraph are similar,

MEeTABOLISM AFTER FLooDs

In 1960 a major flood developed in the Port Lavaca area with 15 inches rain causing
the salinity of the arms of the Matagorda hay to fall to olignhaline amounts (less than
1 %e). A diurnal curve measured in the headwater area during the flood runoff is pre-
senled in Fig, 19. Photosynthesiz exceeded respiration, It is rather remarkable that pho-
tosynthesiz was relatively high immediately after 2o sudden an upset. Apparently there
are not always excesses in respiration in the runoffs, The quick recovery of the head-
water producers was further established by Siler and Odum in an experimental pond
micracosm with oysters and low salinity waters in which flooding rain waters were in-
troduced. Photosynthesis returned 1o normal in several days.
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WYMES BAY AUSTWELL [DEFTH #5CM]  JULY I1-12, 1960
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Fic, 19, Diurnal curve from canseway bridge

Fic. 18, Diurnal curve for Hymes Bay in San in Lavaca Bay showing metabolism after a flood,

Antonio Bay, Texas, July 11-12, 1960. Salinity  July 14-15, 19%60. Salinity 1.1 %, depth 1.7m:

1.8 %o depth 046 m; wind 12 to 15 mph in  wind 12-14 mph in the afternoon diminishing to
alternoon, 0 to 5 mph later at night. calm in the moming.

MEerapoLiss AFTER DreEpGInG 18 REpF1sH Bay (Turtle Grass)

Another kind of infllow of turbid matter containing organic substrales occurred as a
result of dredging of an intra-coastal channel near Redfish bay., Two diurnal curves
were made during the dredging while the clouds of turbid water were drifting over the
stations. The first off Bishop Pier in 2 m water March 10-11, 1959, at salinity 18.2 ¢,
produced values: P, 3.0 gm/m*/day and R, 12.4 gm/m*/day, The sccond curve near
Ransom island in 1 m depth Aug. 5-6. 1959, over grass flats at salinity 29.8 %, vielded
values, P, 13.6 gm/m*/day and R, 17.3 gm/m*/day. Thus in both cazes respiration
much exceeded photosynthesis during the dredgings.

After the dredging a light layer of silt was deposited over the turtle grass flats as
described elsewhere (Hellier and Kornicker, 1962). It is apparent that respiration ex-
ceeded photosynthesis, possibly due to the consumption of organic matter added with the
spoil sediments.

The photosynthesis was not much diminished during or after dredging as compared
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with data from a previous year. The additional respiration due lo extra organic matter
did not apparently interfere with normal production, High production and dense grass
found after dredging may have resulted from release of nutrients,

MeTapoLiss 1x AN EncLosuRe ovER TURTLE GRAsS

In Redfish Ba}' in June 1958 a fiber glu:'ﬁ enclosure was constructed with 3 fiber p;lnss
sheets each 3 m long arranged in a triangle so as to make a tank. This enclosure was set
over the turtle grass beds in (L5 m depth at station 2 in Redfish bay. On June 10 a diurnal
curve was run on the inside and on the outzide. The mean curves are similar as indicated
in Fig., 20. Metabolism was similar outside the enclosure (P, 6.4 gm/m*/day; R. 11.8

REDFISH BAY STATIOM 2 (DEPTH 0521 JUKE id, 959 AEDFISH BAY STATIONS 1-E-3-4-8 [DEFTH 13 IMCHES] JULY T-0, 1958
1] -
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Fic. 20, Diurnal curves over turtle grass beds o e b A
in Redlish Bay inside and outside a fiberglass Fii:. 21. Diurnal curves over turtle grass beds
enclosure, June 10, 1950. Salinity, 28 %s: depth iy Redfish Bay inside a fiberglass enclosure and
0.5m. Computations based on the inside curve i, 5 guiside stations JTuly 7-8, 1959, In this figure
:}t]d: &T_:;.g _u;m"ln“,t-'hd.'ly: R'. !1].1 |_zm,-"n1!f'da£}:'_- each point is the mean of two separate Winkler

amputations {rom the outside curve are: P, yn4lvses. Salinity, 32.8 %
6.4 gm/m* day: R, 11.8 gm/m?/dav, et 7 b

gm,/m?*/day) lo that inside the enclosure (P, 59 gm/m*/day; R, 11.1 gm/m?*/day).
The graph for the outside water was slightly more irregular probably due to some
heterogeneity of water drifting over the flats. Respiration exceeded gross photozynthesis
on this day as throughout the season following the first dredging in March thal released
a light layer of turbid materials into the grassy arcas. During this period the wind
ranged from 5 1o 18 miles per hour.

Later on July 7 during a period of extreme shallow water (0.3 m) in spite of diffi-
culties in getting into the bay, measurements were taken at 5 bay stations and again in
the enclosure. The data are indicaled in Fig. 21 with cach point based on duplicate
samples. A computation for the whole bay baszed on the mean of all the data indicated
a gross production of 13.8 gm/m? /day and respiration 12.3 gm/m?/day. The grass beds
were proztrate preventing appreciable circulation. Temperatures in the afternoon
reached 33-36°C. Oxygen levels were slightly lower in the enclosure especially at dawn
indicating a slightly greater respiration relative to photosynthesis in the enclosure at
this time, although production levels were still high.

These results indicate that enclosures can be placed over turlle grass beds for experi-
mental purposes withount immediately upsetling community metabolism.
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Fie. 22. Gross production as a fupction of light intensity in foot candles including data from
diflerent times of day. The left figure was taken Irom a grassy, relatively elear bay, Lower Laguna
Madre, Aug, 89, 1960: the right firure was taken from a more turbid bay, San Antonio bay,
July 11-12, 1900 ; solid circles, Hynes Landing ; crosses, Gonzalez camp,

METABOLISM 1N A Louisiana Bayou

A pair of diurnal curves were made during sunny weather in a low =alinity bayou at
‘Hopedale, Louisiana, April 21, 1960 prior to dredging of the Mississippi River by-pass
channel. The water in thiz area slides back and forth with the tide through small
brackish lakes and channels among islands of marsh grass. One curve was taken at
the margin of open water of Lake Borgne at about 1 %, and the other in Hopedale
slightly more zeaward at high salinity of 5-6 %, The oxygen change diurnally was very
slight in both curves. Although the graphs were not a= regular as those in more homo-
geneously mixed bays, there can be no doubt about the small amplitude of the metabo-
lism. Computing metabolism for an average depth of 2 m, gross photosynthesis values
found were 1.8 and 2.6 gm/m?®/day: respiration values were 3.8 and 2.4 gm/m*/day.
The waters were turbid with detritus from the marshes. The conditions were apparently
similar to those extensively studied at the University of Georgia Marine Laboratory in
which metabolism in the water was much less than that of the above-water marshes and
dependent upon it (Ragotzkie, 1959).

Discussion

From the case histories presented in the previous section one may draw zome in-
ferences aboul the role of environmental factors in controlling the overall metabolism
of estuarine ecosyztems,

Tug RoLe oF LicaT. EFFICIENCY

The close correspondence between the dinrnal variation in light and the diurnal varia.
tion in photosynthesiz was illustrated in the previous paper (Odum and Hoskin, 1958).



16 Further Studies on Reaeration and Metabolism

Further evidence may be found in the 123 additional diurnal curves of photosynthesis,
which have the general hump shape of the incident light. The sequence of productivity
during passage of the clouded cold frontal zone during a time of relatively high pro-
ductivity in May (Fig. 10} and the sequence of productivity on successive clear and
cloudy days further indicate the elose correspondence of oxygen production as measured
in the free water and the incident light energy.

To further analyze the relationship of bay photosynthesis to bay light intensity,
graphs were drawn of hourly photosynthesizs as a function of light intensity as measured
with a General Electric exposure meter with a fool-candle seale in the field (Fig. 22).
The increazse of efliciency with decrease of light intensity familiar in physiological
sludies of single planis is again verified as characteristic of whole ecosystems (Odum,
McConnell, and Abbott, 1958). As discussed in the previous paper, as implied from
free waler dala diseussed by Verduin (1957), and as found in microcosm studies by
Bevers (1961) the efficiencies in the morning are somewhat higher than in the late
alternoon, This may be duc to the diminishing nutrients available late in the day a=s
demonsirated for phosphorus in these same bays by Bruce and Hood ( 1959) .

Although one might expect a sewage lagoon (Fig. 16} with high nutrient levels to at-
tain maximum possible efficiency in utilization of light, it may be noted that the natural
and unpolluted grass flat systems of the Laguna Madre (Table 1 and Fig. 5, 7. 20, 21 and
22) have metlabolizm as high as the sewage lagoons, Where gross photosynthesiz reaches
a maximum at about 40 gm/m?/day in cither a grass flat or sewage lagoon in south
Texas in summer, the efficiency of utilization of light energy in available wave lengths
is about 6%, based on usable incident radiation of 2850 kg/cal and an approximate
conversion of 4 kgcal /em oxyvgen metabolized. Thus both the man made system which
was slarted with abundant nutrients and the natural system that accumulated itz own
necessary nutrientz in a system of geochemical recycling were equally efficient. These
efliciencies are similar to those allained in other communities of maximum output else-
where in the world, the coral reefs, the agriculture of maximum fertilization, the rain
forest, the Silver Springs system and others (Odum and Odum, 1960) .

Since the photosynthetic output is dependent on incident licht reaching the plant
cells, the amount of absorption and seattering by turbid materials and water controls
the productivity. The higher vields of the relatively clear front bays as compared to
the turbid back bavs may be related to differences in light energy reaching plant cells.
Note photosynthesis at the same light intensity comparing the lower Laguna and San
Antonio bay (Fig. 22,

In Fig. 23 are plotted representative graphs of penetration of light with depth. In
the very turbid back bays such as Baffin and Copano bay the bay bottoms, although
shallow, are illuminated with less than 1% of surface light intensity. The very clear
lower Laguna allows more light penetration than Gulf waters at times,

For plankion systems importance of the depth of the mixing laver as compared to
the depth of light penetration (euphotic zone] was quantitatively described by Sverdrup
(1953) and applied to conditions in turbid estuaries at Sapelo island by Ragotzkie
(1959). Where the depth of mixing is great cnough 1o carry the planklon cells into the
shade too long for cell photosynthesis to excecd cell attrition, the phytoplankton popula-
tion cannot survive, The layer is =aid to be below eritical depth, Thus, as waters get
decper, photosynthesis of the grassy-algal botloms is replaced with a phytoplankton sys-
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Fic. 23. Percent of surface visible light resching bottom of Texas hays as a function of depth.

tem, and finally may practically dizsappear in turbid waters. Murphy (1962) has pro-
vided a graph quantitatively relating turbidity and depth according to the quantitative
predictions of this theory.

Where the bottom is within the enphotic zone, high productivities are possible even
with high turhidities. Waters circulating from deeper zones may nol gain in nel produe-
tion except while they are passing over shallow barz, Under such circumstances the pro-
duction of the whole hay may be a function of the ratio of area shallower than the eriti-
cal depth to the area deeper than the eritical depth,

Whereas turhidity is not dizastrous in the shallow depths, it may essentially eliminate
photosynthesis in the deeper waterz, Fortunately, most of the bavs of Texas ave shallow
enough and productive encugh o be above the eritical point much of the time, The hrst
objective of any program for stimulating greater primary production in deeper Texas
hays should he elimination of sources of turbidity.

THE RoLe 0r TEMPERATURE AND COMMUNITY REGULATION

In the Texas bays both light and temperature undergo large annual and day to day
variations hetween summer maxima and winter minima (Fig. 7)., In Silver Springs,
Florida, al conslanl lemperalure it was possible 1o attribute all of the annoal range of
photosynthetic production to the variation in incident light, but in the Texas bays some
authors have been templed Lo alivibole some of the winler decline in biological slocks
and activity to the decrease in temperalure. What evidence there iz, however, sugoests
a minor role for temperature. Low temperature {above freezing) does not in itself pre-
clude high production rates. The basic photosynthetic process is not temperature de-
pendent although temperature affects the output of whole plants studied (Stafelr, 1960).
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High rates of photosynthetic and respiralory metabolism are known from adapted eco-
systems in arctic climates in summer, Adaptations, successions, and evolutions in an
ecosystem can oceur to permit high metabolism al low temperature.

In the amnmual picture temperature does not begin to fall much until the cold fronts
begin to pass through in November, The photosynthesis, however, begins to decline
markedly (Fig. T) as soon as the light income begins Lo decline in July,

As cslablished by many authors the temperatures in Lthe shallow bays follow that of
the air masses that blow over them. There may be 15 degree centigrade range from one
day to the nexl in winter, As illustrated in the case history presented for a February
norther (Fiz. 11}, rapidly falling temperatures have a profound effect on the gas ex-
changes, but do not climinate the metabolism,

The hypothesiz is proposed that the system and ils organisms are sufliciently organized
in their activily to keep the total metabolism in phase with food conditions as developed
seasonally from light energy. In the annual eyele the total community metabolism is
somewhat independent of temperature, What proportion of this community regulatory
activity may be controlled by the migratory behavior of populations and what proportion
may lake place within the phyziological mechanisms of the single organisms is not
known,

The diurnal range of temperature like the divrnal range of oxygen content is a fune-
tion of the waler depth with greater ranges in shallow water, In the water film communi-
ties the daytime temperature approaches the upper limit (40°C) for many organisms,

Tue Bove oF Turmip Borrom Maremias

The release of turbid materials is o dominant feature of the Texaz arca with organie
laden silts and clays releazed in large quanlily into the bays from the rivers, [rom
dredging. from reagilation up from the bottom during storms, and from beach erasion,
Turbid materiale had two distinet effects on total metabolism az observed in thiz study.
One effect of turbidity in reducing light penetration and thus reducing primary produe-
Lion was discussed in the previous section on light. The other effect was a stimulalion of
the communily respiration apparently due to organic matter accompanying the inorganic
turbidity.

In the turbid water of Ballin Bay, in San Antonio Bay, during dredging in two places
in Redfish Bay, in the loodwaters in Matagorda Bay, in the Louisiana bay at Hopedale
1'e{'ei\riug marsh detritus, and in the back hilj.-‘s receiving rivers, respiralion was oflen
in excess of photosynthesis suggesting thatl the imporl of organic matler was supporting
consumplion in addition to that produced by plants in situ. In Fig, 24 are data for the
hypersaline Baffin Bay in which R exceeded P frequently, especially when salinities fell
following rains, These days were like the waters of the Neuse River. North Carolina, in
which respiration of a siream exceeded ils pholosynthesis with much of the consumption
supported by organic matter running off the land (Hoskin, 1959). Similar concluzsions
were drawn by Pomeroy (1959}, Ragotzkie {1959], and Teal (1959) in their studies
of the metabolism of the Sapelo Tsland marsh waters.

Although respiration was in excess of production in turbid water studies, the exeess
was not a large one. In nature respivation was nol in exeess of photosynthesis by more
than a factor of 2. Larger excesses of respiration over pholosynthesis have been recorded
in marine hays with known pollutions (Odum, 1960
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A complicating aspect of the addilions of turbid matter is the stimolus provided to
photosynthesis indirectly through the excess of respiration over photosynthesis. Where
R iz in excess of P, inorganic nulrients accumulate stimulating photosynthesis. Thus the
lurhid mixtures of organic and inorganic matter both interfere with photosynthesis by
shielding light and stimulate it by indirectly raising inorganic nutrient levels,

Studies by Wilson (1961) with the infra-red CO. analyzer method for assay of dis-
solved and suspended organic matter have demonstrated the relatively high concentra-
tions of organic matter found in the Texas bays with greatest concentrations up 1o 80
mg/1 in the turbid back bays so far studied including Balfin and Corpus Christi bays.
Fxcess respiration over pholosynthesis of 5 mg/1/day (Tig, 24) would consmue a stor-
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Fic, 24, Metabnlic data from Baffin Bay, Texas, during dry and wet periods,

age of 80 ppm in about 16 days, but there is rarely decrease in respiration relative to
photosynthesis. Apparently the inflow of extra-bay organic matler is keeping up with
the consumption since the organic levels and exeess respiration over pholosynthesis are
maintained particularly when the aalinity is falling.

THE ROLE 0F AREA AND AGITATION

Physical circulation iz a normal requirement for many ecosystems supplying the nu-
trients [or photosynthesiz and redistributing the organic matter and oxygen as fuel Tor
consumers, In the Texas bays the areal extent determines the amount of circulation that
can develop under the strong winds uzual for the arca,

Armstrong Price (1947) and others have discussed the area of the bays as a con-
trolling factor on the depth of the bottam. They indicate that in small bays, insufficient
wave energy develops to keep the bottoms from filling in with sediment to shallow levels.
In deep bays mixing favorable to photosynthesis is partially offsel by greater equilib-
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rim f]l.'"pl']'l mainkained |1-jr S0 g in the |.'1rgnr Lm:rﬁ, The role of ngltntion on meltah-
olism is further mazked by (he rapid seltling of the turhid materialz during periods of
relatively calm weather, when the additional penetration of light tends 1o offset any un-
lavorable aspect of diminizshed civenlation. With the interplay of factors of area and
agitalion il is nol easy to select natural experiments that delimit the factors,

A comparizon may be made between the melabolism in the small shallow sloughs
(Table 1) as compared with the larger but equally shallow bays like the Laguna Madre
{Table 1, Fig. 7). Similarly metabolism of enclosed and less agitated hoat harbors may
be compared with that of the open, well mixed bays {Table 1) of similar depth.

In gf*neml the small littoral bodies of water, .‘j]uilghs! and harbors, in 5pite aof oppor-
tunities for nutrient supplement from littoral pollutions did not sustain greater produe-
tion and metabolism than the larger wind-stirred, freely mixing bays.

TaE RoLE or NUTRIENTS

It is axiomalic that the maintenance of an adequate nutrient upply is essential to the
maintenance of maximum gross production. Maintenance of nutrients is accamplished
in some systems by the reeveling of nutrients from the vespiratory consumers, In some
systems nulrients are regularly imported balancing those lost. Pomeroy, working in the
estuary of the Altammaha river in Georgia (Pomeroy, 1960} showed that where bays re-
ceive [lushing oul of water with floods of low-nutrient, fresh water; aceumulated nu-
Irients tend to be flushed out. Such floods alzo kill off many of the larger organisms so
that their stored nutrients are also lost. Hoese (1960) documented a caze of zuch fush-
ing for Mesquile hay.

In Texas bays studied it may be useful 1o propose three lypes of svelems operating to
supply adequate nutrients for high production rates: {a) hypersaline regimes, (b) bot
tom grass-algal svstems, (e} systems near inflows of high nutrient concentrations,

{a) In the high salinity bays, the Laguna Madre and Baffin bay, afler long periods of
sustained high salinity, nutrients have an opportunily 1o be accumulated and recyeled.
As indicated in Table 2. ||I'g]l values of total |r]]n.~=p!1r1ru.~=, 2103 |||g-1l|q_:m___.-'m-‘_ oeriuT in

Tanie 2 Total phosphoros in Texas bays.

Croups of analyses are arransed in order of decreasing zalinity,
Analyses hy H. Bruce, R, Ward, and C, Oppenheimer

Miumber
ol samples g =nken il

IMYPERSALINE BAYS, salinity, 50 to T0%,

Baffin Bay, Tuly 26, 1957 ] 2.7-52

Raffin Bay, August 15, 1957 1 3.4-4.2

Upper Laguna Madre, July 23, 1037 4 1.4-32

Upper Laguna Madre, August 1, 1957 B J4-42
GULF OF MEXTCO, sulinity, 83 to 36%.

Port Arvanzas jetties, Tuly 15, 1957 ] 2.0-22

Port Arvansas jetties, JTuly 23, 1957 1 1.8

Whistling buoy, Port Aransas, August 10, 1950 4 0.0-1.27
BOAT ITARBORS, salinity, 28 to 3479,

Covpus Christi T head Harbor, Angust 14, 1959 2 1.6-1.9

Rockport Basin, Angnst 5, 1957 i 20-4,0
GRASS FLATS, salinity, 20 to 35%.

Redfish hay, Tulv 17, 1957 1 1.3

HRedfish bav, Angus=t 10, 1959 ] 0,621,358
PLANKTONIC BAY, TURBID, salinity, 10 1o 285

Copano Bay, August 8, 1957 8 1.6-2.4

Corpus Chrieti Bay, July 23, 1957 3 1.2-19

Corpns Christi Boy, August 10, 1959 [ 0.80-0.97
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drv years. The delails of the daily uptake and regeneration have been shown by Bruce
and Hood (1959)_ A similar high nutrient state has been eslablished for inland waters
in arid elimatez { Hutchinzon. 19571,

Bays that are stable with little Aushing ave the ones thought to develop higher pro-
ductivity and nutrients sell-regenerated.

() In shallow water where hottom communilies of grass and attached algae dominate
the metabolism, fAushing out of water due to floods or due to winter northers that drop
the Gulf level are not 20 zerious as in deeper bays, for much of the nutrient reservoir is
not in the plankton but in the attached bottom materials, Providing the flushing does
not kill the bottom syslem, the ceosystem can conserve nutrients for sustained high pro-
duction.

(¢} Where high nutrient levels in usable proportions are maintained in the inllowing
water, flushing may not he detrimental 1o nutrient supplies, Nucees Bay and Oso Bay
are examples of arcas that often receive high nutrient contents due to municipal and
industrial effluents.

I is nol always possible in leld analyzes to show when nutrients levels are limiting
metabolism or when the reverse iz actually the initial cansze and effect {inadequate biota
and metabolism for storage and circulation of mirients), Tf the production is limiled
by some non-nutrient factor, the impoverished biota may be unable to store high con-
centralions of nutrients in the geochemical recveling system, In any case, however,
the nuteient level may be correlated with the gross production. Tn Table 2 the higher
values of total phosphorus were associated with the areas of higher production in Baf-
fin Bay and Laguna Madre whereas lower values, about one mg-alom/m®, were found in
Corpus Christi Bay.

As the many experiments on ponds indicale {Barretl, 1953; Hepher, 1959, adding
concenlrabions of a nulrient like phosphorus may not have a sustained effeel in
many instances longer than the time for immediate uplake by the plants. The increase
in photosynthesis in the fertilized slough (Table 1) Tollowed by a decline in metabolism
in subsequent weeks seemed Lo Tollow thiz pattern. Sustained increases in production
require maintaining high rates of nutrient conservalion and regeneration, Spot Tertiliza-
tion of the bays of Texas is likely to have the temporary effects found in fishpond work,
but large sustained increases in fertility involve developing the notrient eonservalion
system like those already effective in some hays. Possible measures include development
of hypersalinity by diversion of runofls, the development of more grass flatz by control
of turbidity and depth, and the channeling of nutrients of municipalily and industry
into areas to balance rate of flushout.

The photosynthesis in the unfertilized natural grass bedz around Port Mansfield
{Table 1) was greater than the photosynthesis in the beds around the sewage outfall
in Laguna grass flatz near Ranzom Island. It iz doubtful if one can stimulate metabolism
much by fertilizing an ccosystem il it already has P equal to R and a fully developed
standing crop in stable steady state, geochemically recycling nutrients at rates equal to
the maximum photosynthetic demand possible al the available light intensity,

For most of the Texas bayvs there iz considerable opportunity lo inerease total pro-
duetion and consumption by changing the regime for nutrient supply. There is no reazon
why diversion of the flushing flonds and suztained fertilization cannot maintain many
bays much closer to the maximum productivitics ebserved in the lower Laguna Madre
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in 1060, Such an aclion program may bhe 1:1]:('(‘[?(1 tor donble hinlugitrul oulpul of a hall
million acres.

PoreENTIAL YIELDS

The measurements of gross photosynthesis indicate the efectivencss of light in pro-
ducing organic matter. In the natural agquatic communities of Texas P and I are oflen
similar, and there is little net gain or loss of organic matter except lor fish migralions
and detrituz export to the open Gull, This balanced pattern may be changed by arti-
ficial management, 1T means similar o those of terrestrial agriculture can be employed
to reduce respiration by weeding of consumers and if outside nutrients are added al a
rale adequale 1o replace the normal supply from respiratory regencralion, then a great
part of the gross production might he channeled into organic storage for harvest, Since
the rates of maximum gross pholosynthesis measured in the Texas bays are equivalent
lo maximum rates of grosa photosynthesiz in agriculture, the potentials for eventful
harvest and use ave about the same,

The grass flatz because of their stabil
lation can be the first of the large marine systems to be managed commercially vither

. nutrients conservation, and eaze of manipu-

for increased fisheries and wildlife or for organized aqualic agricullure, harvesling
plant matter,

In arid arcas along sca coasts the farming of the sea walers has the advantage over
lerresirial agriculture in not being limited by water shortage. The bay waters of arid
south Texas are suilable for providing world leadership in mansgement of marine
walers for useful purposes.

SIIHIIHH['}"

. Further studies were made on the photosynthesis and respiralory metabolism of
the marine bavs of Texas with the diurnal oxygen method. On the basiz of 123 new
curves, the characteriztics of metabolism of the planktonic and grassy bavs have hoeen
explored with emphasis on refinement of methods, natural experiments, and special
situations, Measurements were included from 9 bavs not heretolore studied metabolically-
The bays included in this study are all continuously well mixed by the winds without
verlical stralificalions,

2. Photosynthesis and respiration were generally similar and often in phase although
thee annual metabolism in single bays ranged from 0.5 gm/m*/day minimum in winter
Lo 40 gm /m*/day maximum in summer.

Ao In the back hays receiving runoff, respiration often excecded photosynthesis. Such
conditions existed in low salinity bays and also in hypersaline bays alter rains.

4. In bays where PP and R were equal total metabolism was often greater than where
F and R were nol in balance and where one or the other part of the nutrient cycle between
P and R may have been limiting, Metabolism and phosphorus levels were higher in
hypersaline bays in which there was little Qushing oul by rivers,

5. The reaeration constanl as computed from diurnal graphs were related 1o depth
and wind velocity, The arca-based reaeration constant K increased with waler depth
from about 0.1 gm/m*/hr at 10 em depth to 5 gm/m*/hr/100%: deficit in bays 4 m
deep. The volume based reaeration constant k was [airly constant with depth, about
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1.0 gm/1/hr/100% deficit. Reaeration was surprisingly unimportant in the shallowest
film communities meazured,

6. The volume based reacration constant increases with wind velocity by a factor of
at least 2,

7. Several refinements in the diurnal graphic analyses were introduced 1o increase
accuracy and avoid recurring artifacts. A photosynthetic bulge after sunset was found
on many rate graphs of diurnal analysis and identified as an artifact due to scabrecee
effects, casily recognizable from dala on wind velocities and a convex shape of the post-
sunsel oxyzen zraph.

8. Inferences were drawn from studies of particular casze histories, Dredging produced
a condition in which R exceeded P during dredging. After the shading of the wrhidity
dizappeared. P waz equal or higher than before, Respiration was also increased when
strong winds stirred Lhe bottom in a tropical storm,

9. The small shallow sloughs and pools isolated from the main bays contained tre-
mendous tanges of divrnal temperature and oxygen content, but on an area basis only
one receiving pollutants was as productive and metabolic as the best developed, larger,
grassy hays. Film communities went anaerobic at night and developed blue-green algal
mils.

10. Some of the graphs indicated a greater respiratory metabolism of oxygen just
after dark than hefore dawn, suggesting diurnal rhythm of respiration related to the
photosynthetic output. Efficiency of photosynthesis was slightly greater just after dawn
than just before sunset suggesting the stimulatory effect of nighttime R on P,

11. Hexadecanol on two sloughs was temporary in effect and did not greatly affect
the diffuzion constanl or metabolism,

12. A hoat hasin with active operations of small boals retained apparently near-normal
photosynthetic and respiratory melabolism without going anaerobic at any time of night.

13. One sequence of dinrnal data from the turbid, low zalinity bayous in Louisiana
marzh lands indicated a relatively low photosynthesis and respiration in April,

14, An enclosure with fiberglass walls placed over a turtle grass hed Tor experimental
purposes did nol immediately dizrupt photosynthesis and respiratory metabolism,

15. In representative Texas havs the light of visible wave lengths suitable for photo-
synthesis penetrating to the bottom averaged about 369 of surface intensity, Turbidities
as indicated by extinction coeflicients per meter for a vizible range photomeler without
filters ranged from 7.7 per m in turbid back bays to 0.33 in the lower Laguna Madre
at Brownsville and 0.11 on the Gulf shelf off Port Aransas. In most bayvs the critical
depth for phyvtoplankton growth was not often excesded.

16. A close hour by hour correlation of photosynthesis with light intensity was ob-
served in the daily measurements during passage of fronts, or in comparisons of sue-
cessive clear and cloudy days. Turbid bavs conlained much less photozynthesiz than
some clear bays at similar light intensity,

17. The graph of pholosynthesis versus light intensity was without a light saturation
point. High efficiency was found at low light intenzity, bul maximum gross production
was found al maximum light intensity,

18, Maximum efliciencies, productivities, and sustained respiration were found in
natural, high salinity, grass [lat systems with values equal to those in arlificial sewage
ponds, Values were as great as in tropical reefs with pholosynthetic efficiencies az high
as other aquatic communilies of maximum fertility on earth.
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19. To produce maximum total photosynthesiz in all of the waters of Texas, measures
for management should include: reducing torbidity, eliminating irregular Qushing of
Nood walers, developing grass hottoms, retaining wind driven circulation, and adjust-
ing water depths of shallow and deep areas towards an average depth of 0.5 m,
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