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Chapter 9

PRODUCTIVITY OF THE SWAMPS AND MARSHES
SURROUNDING LAKE PONTCHARTRAIN, LOUISIANA

by
Glenn W. Cramer
and
John W. Day, Jr.
ABSTRACT
Net primary production was estimated in four marsh and two swamp
sites in the wetlands surrounding Lake Pontchartrain, Louisiana, during

1978-1979. Live and dead aboveground biomass of Spartina patens was

determined by the harvest method over an annual cycle. Litterbags were
used to determine loss rates of dead vegetation from the marsh surface.
Production estimates of S. patens using the Smalley (1958) method ranged
from 2541 to 4411 g dry wt-m-2°yr-l; using the Wiegert and Evans (1964)
method, production estimates ranged from 3056 to 5509 g dry wt-m-z-yr_
Decomposition rates ranged from 34-55 percent litter removal after 6-8
months. General nutrient levels were also determined in the waters
adjacent to the marsh sites. Vegetation transects showed S. patens to

be the dominant marsh macrophyte in the brackish marshes and to have an

average summer biomass of 2000-2500 g dry wt/mz. Sagittaria lancifolia

was the dominant freshwater marsh species and had an average biomass of
900 g dry wt/mz.

Annual leaf litter-fall was 379 g dry wt/m2 in a water tupelo swamp
site and 567 g dry wt/m2 in a baldcypress swamp site. Net primary
production was 621 g dry wt:-m-2~y‘r-1 in the water tupelo site and 1097

g dry '.Jl:~m_2-y1:-1 in the baldcypress site.
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INTRODUCTION

The coastal zone of Louisiana is an estuarine ared of high natural
productivity. 1t has been shown that this productivity is partially
related to the extent and productivity of intertidal wetlands (Craig ¢t
al. 1979). The role of coastal wetlands in estuarine areas has been well
documented (Teal 1962, Day et al. 1973, de la Cruz 1973, Odum and Heald
1975). The Lake Pontchartrain-~Lake Borgne hydrologic unit of the Louisi-
ana coastal zone contains approximately 64,000 hectares of brackish and

intermediate salinity marsh wherein Spartina patens is the most abundant

marsh macrophyte (68%-85% coverage) (Chabreck 1972). The Lake Pontchar-
train basin also contains expanses of swamp forest dominated by two tree

species, baldcypress (Taxodium distichum) and water tupelo (Nyssa

aquatica) (Saucier 1963). The objective of this study was to measure the
productivity of the marshes and swamps surrounding Lake Pontchartrain,

Louisiana, using vegetation transects and water chemistry analysis.

L 4

MARSH PRODUCTIVITY

I. Description of Area

More complete area description of the Lake Pontchartrain basin,
including geomorphology, climate, hydrology, and vegetation, can be found
in Saucier (1963), Darnell (1958), Tarver and Savoie (1976), and Chabreck
(1972).

Four marsh areas surrounding Lake Pontchartrain were selected for

study (Fig. 1). Within each area, nearly pure stands of Spartina patens

were chosen as sampling areas. The first site was located in the Goose
Point marsh, adjacent to Bayou Lacombe. Drainage into the lake is

through several natural tidal channels and breaks in the shore beach
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ridge. The area had been burned the previous year, and little dcad
vegetation remaired on the marsh surface. Regrowth resulted in a dense
stand of §. patens 1-1.5 m tall. The site was again burned by trappers
after 10 months of study.

The second study site was located in the marsh adjacent to Irish
Bayou Lagoon, east of Point aux Herbes. The site was open to natural
tidal flushing and was covered by a dense, vigorous growth of S. patens
1-2 m tall. This marsh was also burned, which halted its study after 10
months.

The third marsh area was loc ed in the approximately 6000 hectares
of impounded wetlands that comprise the New Orleans East region. The
site was located east of the I-10 highway that traverses the wetland and
was adjacent to a pipeline canal. The area has been almost completely
impounded for 20 years and is not influenced by tidal flushing. Salinity
in the impoundment is low (1 ppt or less) and in addition to wiregrass

(Spartina patens), large stands of rush (Juncus spp.) and roseau cane

(Phragmites communis) are located throughout the area. There were many

small ponds and a large accumulation of dead material on the marsh sur-
face. S. patens in the area averaged 70 cm in height.

The fourth site was located in the St. Charles Parish wetlands,
adjacent to Walker Canal. Water exchange with the lake is via this
canal. However, marsh elevation is high (15 cm), and tidal flushing in
the area appears to be low. This is evidenced by the occurrence of

Baccharis halimifolia, a high marsh species (Sasser 1977), in the area

and by the large accumulation of dead vegetation on the marsh surface.

Average height of S. patens at the site was 70 cm.
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II. Materials and Methods

From February 1978 to March 1979, vegetation was harvested at
three-to-six week intervals from five 0.1—m2 quadrats chosen at random
in each marsh site. Site selection and sampling routine were designed
to ensure that no quadrat was resampled. The marsh grass was clipped at
mud level, placed in bags, and taken to the lab. Dead material was also
collected on the mud surface. Samples were then sorted into live (green)
and dead stems, and the dead leaves were stripped from live culms. The
grass was dried at 65°C for 48 hours and weighed. Primary production
was then calculated using Smalley's (1958) method based on changes in
live and dead standing crop between sampling times. If there is an
increase in live standing crop, production during that interval is equal
to that Increase plus any increase in the dead standing crop. If the

live standing crop decreases, production is equal to the algebraic sum

of live and dead standing crop or zero, whichever is larger (Appendix 1-I).

To account for decompositional loss of dead material during sampling
intervals, not considered in the Smalley method, the technique described
by Wiegert and Evans (1964) was also used to calculate net primary
production (Appendix 1-I11I). To determine rates of decomposition, 25 g
of oven-dried S. patens was placed in nylon litterbags with 2 mm mesh.
Sixty bags were staked in each marsh site on June 20, 1978, and five were
removed at every harvest sampling. Bags were returned to the lab; washed
of debris, mud, and organisms; dried at 65°C for 48 hours; and weighed.

An instantaneous loss rate of g lost ¢« g dead vegetation_l-time_1 was cal-
culated from litterbag weight loss during each sampling period, and

production was calculated using the equations derived by Wiegert and Evans
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(1964) (Appendix 1-11). The Wiegert and Fvans equat ions assume uniform
increases or decreases in live and dead biomass over time. However,
experimental data contain fluctuations associated with sampling error
and environmental variation. In order to account for these two factors,
standing crop and loss rate data were fitted to fourth order polynomial
regression curves for use in Wiegert and Evans calculations (Kirby and

Gosselink 1976; White et al. 1978).

ITI. Results

A. Decomposition

Table 1 contains the monthly instantaneous loss rates, calculated
from litterbag loss in the four marsh sites, used in the Wiegert and
Evans productivity calculations. Litterbag loss rates were graphed in
terms of percent of material remaining over time (Fig. 2). The Goose Point
and Irish Bayou sites showed similar decomposition rates; with 667 re-
maining (347 removal) after six months (Table 2). The New Orleans East
site had 47% remaining (537 removal) after eight months. Decomposition
rates were highest in the Walker Canal marsh, with 45% remaining (55%
removal) after 8 months (Table 2). Marsh burning ended litterbag

sampling in the Goose Point and Irish Bayou sites after six months.

B. Standing Crop

Live standing crop in the Goose Point marsh increased from February
to an October peak of 2130 g/m2 (Fig. 3). Dead standing crop showed a
trend of gradual increase from April to December (Fig. 3). Live standing
crops in the Irish Bayou marsh rose from February to peak in September at
2466 g/m2 (Fig. 4). Dead material showed erratic fluctuations throughout
sampling and had a winter maximum. Sampling in these two areas was

pr. aiturely ended after December by marsh burning.

598




“... e e e ey e E— - : E— -
y —— - g p—p o Py ——
"' ® ® e ® ® »
' t
€50 = 3 6L°0 = ~u 56°0 = «u 66°0 = ;2
w1170 621°0 660°0 160°0 pauing pauang 6L/t/¢
9T1°0 %€0°0 LL0°0 911°0 pauxng pauing 6L/ce/
(s0°0 L91°0 £90°0 Z10°0 8%70°0 870°0 900°0 90C 0 8L/6/2
8(0°0 000" 0 §60°0 760°0 60070 10°0 10070 <00°0 ge/ot/11
Ls0°0 0€£0°0 690°0 8%0°0 09070 160°0 0Lo°n SL0°0 8L/¢1/CT
ztre 6(1°0 60°0 860°0 €10 1zZ1°o 060°0 $I1°0 8L/61/6
6I1°0 e 10170 101°0 £80°0 %80°0 01°0 760°0 BL/6/B
z11°o0 711’0 st1°0 151°0 $80°0 %80°0 901°0 901°0 sLiTv/tL
Pa3oIpoid Ye30au] iadxd pa3dipaid Yejusafdodnd po1oypaid Teiuawtiadxl peIsyradd {civaayaadRa
Jeuey JaN1EM 583 BUTL3130 AN nokeg Ysial JUj0g #5009 w~\cN“N-o"uu~un

CETIRCEL

Fuysy YIvog 3o AupuujiBag 3Ie SSER

Jo uoja.0dold sV paawIndIeD §/6T V1 fuTr3IIAEYDIUOY INCTT I03 FIIE

au:nuco£.~|50au-uana> peap 3.31807 ) vieq PAidipaid puw 1eiuamyiadey

§ FS07 snoaueiprisul ATyIvon T PTQRl

599




Percent Remaining

100

40

N
o
I

(0)]
(@)
ge
y
/

Goose Point Marsh
............ Irish Bayou Marsh

-——— New Orleans East Marsh
— — — Walker Canal Marsh

e,
‘e
--------
b

.
.
3
)

50 NS

|

i i | J
0 50 100 150 200 250

Days

Ficure 2. Percent litter remaining over time in Lake Pontchartrain, LA,

1978, calculated using predicted instantaneous loss rntes.

600

A A A% ada 4 4 a

°




Pp———

—— ——————Y e g vv—v —vr

® ° ® » ® ® » » » » i
I
;
_
A,
9°¢y 375y ey ey pauang pouing 52 —
(38 {1 (38 1 [ 3841 1S Pauang pauang ($¢4 w
(9419 [ 331 8°9¢ 9°8¢ 8°¢9 8°59 (31} 0°¢9 1734
819 (384 ] {09 [ 14 1°69 T°69 1°99 LA 1) ot
|8 1] [ag4] [l 4] (281 ] 9°69 0°0¢L 9°99 ' Ls9 (244
0°89 9°%9 0°69 9°89 12873 [ M 13 9°tL [ {3 1}
*u 8°8¢ 9 . 0°9¢ 9°ce [ 21 [ 13 1 [ 3]
[ 31 9°88 [ M4 ] 98 9°16 9°16 v68 v 68 oz
vuuu:u._“-c-u uw““uﬂﬂﬂmﬂ vouu«v““uﬁ -:-a“n:“.u-u nokeg Ysyag 1 Pl Iuj0g Hu““cﬂ-.qﬁm eL/0t/9 1w
9aiy yeiwy PTeL; ut eheg
#2217 €007 3¥q181177 ENOIUNINSISUT PIIINPRI puw TeIUIMIIadxg FUTSH PRISTNITYD VI ‘uresIieydauog sRe] uT JuIL 13a0 Jujujemsy 193317 3VeI8g -7 siqeg

Adeihdendetbedefe Py it U G VPO W P VY ¥ ST i e, ——




& dry wt/m?

g dry wt/m?

Figure

Standing Crop Live Spartina

Goose Point Marsh

J
F

2s00r Standing Crop Dead Spartina

®
Goose Point Marsh
sool-
r?= 091
0 11 1 1 | | SN R N 1\ 1 4
F ™M A v J J A s o] N 0 J F
197871978
Month

5.

Standing crop of live and dead Spartina patens in the Goose

Point marsh area.

602

O,

sas N




3000[_ Standing Crop Live Spartina
Irish Bayou Lagoon Marsh
25001~ .
&
3
3
o
©
)
500 | 1 1 1 1 1 | B | J I | / 1 l
F M M J J A S (o) N D J F
1978 1979
3000
Standing Crop Dead Sparting
2500+
Irish Bayou Lagoon Marsh
[ ]
o~
5
3
§
3
)
1000
ri= 062
P I TN NN SR SN TR N S S SR B S
F ™ M J J A s o] N ) J F
Month 1978 1979
Figmure 4. Standing crop of live and dead Spartina patens in the Lrish Bayou

Lagoon marsh area of Lake Pontchartrain, LA, in 1978~1979.

603




S -

!r

-~ YTrT e — - — -

Live standing crop in the New Orleans East marsh rose from an
extreme low in February to peak in October at 1248 g/m2 (Fig. 5). Dead
standing crop showed spring and winter peaks (Fig. 5). Live standing
biomass in the Walker Canal marsh showed a trend of gradual increase
from February to a November peak of 2159 g/m2 (Fig. 6). Dead standing
crop fluctuated widely throughout the study year (Fig. 6).

Sampling variability, expressed as the ratio of the standard error
to the mean x 100, ranged from 7 to 37% and averaged 167 for monthly
standing crop estimates. These sampling errors are within reasonable
limits for a field study of this type (Wiegert and McGinnis 1975;

Hopkinson et al. 1978).

C. Net Production

Smalley Method--Experimental data were used to calculate production
values by the Smalley method. It was assumed that because the Goose
Point and Irish Bayou marshes were burned in late winter, when production
is lowest, the 1l0-month production estimates for those two areas closely
reflect annual production. Net primary production using the Smalley
method were 2541, 3192, 2605, and 4411 g-m-?'-yr—l in the Goose Point,.
Irish Bayou, New Orleans East, and Walker Canal marshes, respectively
(Table 3).

Wiegert and Evans Method--Net primary production using predicted
data and the Wiegert and Evans equations was 2087, 2861, 3056, 3464
gem 2-yr”l in the Goose Point, Irish Bayou, New Orleans East, and Walker

Canal marshes, respectively (Table 3).

604

.1




——"

T

ye——— ‘.7,, yp——r
)

2500r-
Standing Crop Live Spartina
2000}
New Orleans iast Marsh
o~
E 1500~
X
2
[
o
o
1978 1979
3000’-
Standing Crop Dead Spgrtina
25004
New Orleans East Marsh
[ ]
®
D
3
£
o
L )
1000}
r?= 0865
500 1 1 1 1 1 1 1 1 1 | AN S| J
F M A ™ J s o N o J F ™M
Month 1978 “1979
Figure 5. Standing crop of live and dead Spartina patens in the New Orleans

Fast marsh area of Lake Pontchartrain, LA, in 1978-1979.

605

aa




a
J
]
J

t
L
&
T
b
b 2500!—
L Standing Crop Live Spartina
L ]
L
t i Walker Canal Marsh
b
3
o~
[, £
3
[y
o
! g
q
- o o 1 1 1 1 L) 1 ! L /| [ |
F M A M J J A S ] N y J F M
1978 1979
Standing Crop Dead Spartina
MF
1,_ Walker Canal Marsh
[ .
3000+
4 %
' Q
3
(&
3 <
) o %0
r?=039
i 1500}
L
; . 1 1 L1 | 1 1 1 1 1 1 L J
3 ™M A ™M J J A S 4 N 0 J F ™
Month 1978979
9o Figure 6. Standing crop of live and dead Spartina patens in the Walker
Canal marsh area of Lake Poptcchartrain, LA, in 1978-1079,
606
| @
3
G

P |

PP




o Ty T ————r——— < ..1 111
¢ .. » » ] ® ® ® »
™~
[en]
o
SL0€ (Teyueuriadxa)
605G £60¢ G6SE Fvag % 22289TH
1807 (pa3otpaad)
794%¢ 9s0¢ 198¢ sueag ¥ 31ae33IM
Y c097 Z61¢ %S¢ (Teauawriadxa) 4a7TPUS
15eq jujod 3sC0H .
Teue) 1a%TeM sugaqap MON nokeqg UYSTiI poY3aR
By USIER
ejeq Teavawpaadxy poIDTPAid UYITM POUISH SUBAY pue 1138914 3ul pue eIERQ Teausmtaadxy yitm .
< N Q . ) .J.t
poylol Ke1yews 3yl Buys)) S2ITS USIEW UTEIIBYDOIUOY BT Inog 3yl 10} Aﬂuu>.maz.ov sanTep uotidnpoird ¢ 314
e 4 . . .




e ]
<

TvTET TR TS oy v

r e

L ald

V. Discussion

Detailed analysis and comparison of the merits and use of the
Smalley (1958) and Wiegert and Evans (1964) methods of estimating plant
production can be found in Turner (1976), Kirby and Gosselink (1976),
and White et al. (1978). In general, the Smalley method is considered
to underestimate net aerial production (Turner 1976). The Wiegert and
Evans method is considered to be more accurate because it accounts for
loss of dead material as well as for changes in live and dead standing
crop (Kirby and Gosselink 1976, White et al. 1978). 1t seems logical
that when adding another component to productivity estimates (i.e.,
litter decomposition), production figures would increase. However, in
this study, the Wiegert and Evans technique yields, production values
lower than the Smalley method in all but one case (Table 3). Use of
predicted or curve fit data in the Wiegert and Evans method calculations
is probably the major reason for this discrepancy. Reasons for using
predicted data are discussed by Kirby and Gosselink (1976); however,
they also point out that fitted curves do not adequately reflect some of
the real fluctuations in standing crop. This seems to be the case for
data from this study (Figs. 3-6). Therefore, Wiegert and Evans production
estimates were also calculated using experimental data. Results with
experimental data yielded net annual production values (g/mz) of 3075,
3595, 3053, and 5509 for the Goose Point, Irish Bayou, New Orleans East,
and Walker Canal marshes, respectively (Table 3). From field observations
and data manipulation, it was concluded that these figures more accurately
represent true annual production than those generated using predicted

data.
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MARSH VEGETATION TRANSECTS

I. Introduction
During the month of August 1978, vegetation harvest transects were
made at nine locations in the marshes surrounding the north shore of
Lake Pontchartrain. Sampling sites included marsh areas ranging from
just west of the Tchefuncte River mouth to Little Lagoon near The Rigolets

(Fig. 1).

II. Materials and Methods

At each marsh site, five 0.1—m2 vegetation plots were harvested at
approximately 20-m intervals progressing away from the lake shoreline.
This was done to include changes in marsh vegetation through possible
salinity and elevation gradients. Harvested vegetation was separated by
species, bagged, and a sample was pressed for identification. The
bagged material was then oven dried at 65°C for 48 hours and weighed.

No attempt was made to separate live from dead vegetation.

I[I1. Results
A list of the plant species harvested at each marsh site and their

average August biomass 1s presented in Table 4. Spartina patens was by

far the most abundant marsh macrophyte collected. Total average biomass
(mostly live material) consistently ranged from 2000 to 2500 g dry wt/m2
in the marshes and was composed primarily of S. patens (Tchefuncte, Green
Point, Cane Bayou, Goose Point, and Bayou Bonfouca marshes). The Little

Lagoon marsh was 90% S. patens, but growth was stunted by a marsh fire

early in the spring. The perturbation caused by the fire was also evidenced

by the relatively large number of plant species that populated the area

during regrowth. Average August live biomass in the monthly sampling
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sites, primarily S. patens, was 2000 g dry wL/m2 in Goose Point and [rish
Bayou and 1000 g dry wt/m 2 in the Walker Canal and New Orleans East
marshes.

The fresh marsh areas (Tchefuncte Canal and Bayou Powell) were
composed mainly of Sagittaria lancifolia and had an average biomass of
approximately 900 g dry wt/mz. These areas also exhibited the highest
species diversity. The Big Point marsh was composed ot one-haltf Spartina
patens and one-half Scirpus olneyi, which resulted in an intermediate
average biomass of 1400 g dry wt/mz. Table 5 is a species list of all

those plants either harvested or encountered in abundance during the

transect study.

IV. Discussion

Lake Pontchartrain's north shore wetlands were characterized by
brackish and intermediate marshes composed primarily of Spartina patens
adjacent to the shoreline that graded into fresh marshes and primarily ol
Sagittaria lancifolia at higher elevations near the swamp forest. Aver-
age summer btomass of the dominant vegetation types seemed to he consis-
tent throughout the range of marsh areas. The brackish marshes exhibited

higher biomass and lower diversity than the freshwater marshes.

MARSH WATER CHEMISTRY
I Materials and Methods
Water samples were collected at the four marsh study sites to deter-
mine general nutrient levels and indicate water quality. Samples were
taken cight times during the study year in 500-ml plastic bottles,
20-30 cm below the surface. Samples were collected from canals or bayous

adjacent to the marsh, not from waters overlying the marsh surtface, which
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Table 5. Plant Species List of Lake Pontchartrain North Shore Marshes from
Vegetation Transects During 1978-1979

Gcientific Name Common Name
Ammannia coccinea Ammannia
Astgg.subulaggg Aster
Alternanthera philoxeroides Alligator weed
Bacopa monnieri Water hyssop
Cladium jamaicense Sawgrass
.Cyperus compressus Cyperus
Cyperus haspan Cyperus
Distichlis spicata Saltgrass
Echinochloa walteri Walter's millet
Fimbristylis castanea Saltmarsh fimbristylis
Hypericum spp. St. John's wort
Tpomoea sagittata Saltmarsh morning glory
Iva frutescens Marsh elder .
Juncus effusus Soft rush
Lythrum lineare Loosestrife
Myrica cerifera Wax myrtle
gggiggg.virgatum Panic grass
Phragmites australis Roseau cane
Lippia nodiflora Common frog-fruit
Pluchea camphorata Saltmarsh pluchea
Polygonum punctatum Smartweed
Sabatia dodecandra Sabatia
Sagittaria lancifolia Duck potato
Scirpus olneyi Three corner grass
Scirpus robustus Leafy threesquare
Sesbania exaltata Coffee weed
Spartina cynosuroides Hogcane
Spartina patens Wiregrass
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A

is periodically flooded or dry. After collection, 500-ml each of raw
and filtered (0.45u) water from each site were quick frozen on dry ice.

Samples were then transported to the laboratory and kept frozen until

+ - - +
analysis. Samples were assayed for NH4 -N, (NO33 + NO2 + NHA ) =N,

3-
4

and Parsons (1968), with specific modifications as outlined in Ho and

Kjeldahl-N, PO, -P, and Total P according to the methods of Strickland

Schneider (1976).

[I. Results

Nutrient concentrations in each marsh area are listed in Tables 6-9
and summarized in Table 10. NH4 + -N averaged 0.1 mg/l or less in all
four areas. Average (NO3 + N02) -N concentrations were low (0.06 mg/l
or less) in the Goose Point, Irish Bayou, and New Orleans East areas but
were significantly higher (0.26 mg/1) in the Walker Canal area (P <
.05). Average organic -N concentrations were equal and lowest (0.62
mg/l) in the Goose Point and Irish Bayou areas, intermediate (0.96 mg/l)
in the Walker Canal area, and highest (1.87 mg/l) in the New Orleans
East area. Organic ~-N values closely followed those of total -N in all
four areas, averaging 907 of all nitrogen assayed. Approximately 70% of
the organic nitrogen assayed was in the dissolved form. Dissolved
organic nitrogen accounted for 90% of the total dissolved nitrogen frac-
tion. Total -N followed the same pattern as organic -N in the four
marsh areas, averaging 0.69, 0.65, 1.94, and 1.20 mg/l in the Goose
Point, Irish Bayou, New Orleans East, and Walker Canal sites, respec-
tively.

Average orthophosphate -P levels were equal and lowest (0.0l mg/l)
in the Goose Point and Irish Bayou marshes, intermediate (0.09 mg/l) in

the New Orlecans East area, and highest (0.14 mg/l) in the Walker Canal
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marsh. Total -P averaged 0.06, 0.04, 0.16, and 0.24 mg/l in the Goose
Point, Irish Bayou, New Orleans East, and Walter Canal marsh areas,
respectively.

Total organic carbon concentrations averaged 10.0 mg/l in the Goose
Point marsh, 8.9 mg/l in the Irish Bayou marsh, 21.1 mg/l in the New
Orleans East marsh, and 12.1 mg/l in the Walker Canal marsh area.
Dissolved organic carbon levels closely followed those of Total Oxygen
Concentration (TOC) in all four areas, averaging 87% of all organic

carbon assayed.

II1. Discussion

No significant differences in average nutrient levels were found
between the Goose Point and Irish Bayou marsh arees (P < .05). The lack
of difference indicates possible correlations between water sources and
environmental factors affecting water quality in those areas. 1In con-
trast, organic and total nitrogen levels in the New Orleans East marsh
area were significantly higher than those observed in the Goose Point,
Irish Bayou, and Walker Canal sites (P < .05). The large difference in
nitrogen levels may be attributed to the lack of water flow and tidal
flushing in the New Orleans East marsh caused by impoundment. Nutrients
are released into the water column. If they are not rapidly recycled,
they probably build up and maintain high levels in the impounded waters.
The high rate of turnover and sediment uptake of phosphate, characteristic
of most aquatic ecosystems (Stumm and Leckie 19/0, Patrick and Khalid
1974), could account for the absence of high phosphorous concentrations

in the impound d New Orleans East waters. Dissolved and total organic

carbon levels were also significantly higher in the New Orleans Fast
marsh than in the other three areas (P - ,05). Impoundment of the marsh
620




area could prevent the characteristic export of dissolved and particulate
organic matter from both 1live and decaying Spartina spp. (Turner 1978)
and result in the higher concentrations observed in the New Orleans East
site.

Nitrate-nitrite-N and orthophosphate -P levels were significantly
higher in the Walker Canal marsh area than in the other three areas (P <
.05). Similar inorganic nutrient levels for the same area were reported
by Cramer (1978), who also reported the possibility of nutrient inputs
to the marsh from upland drainage. Nutrient loading from upland runoff,
not evidenced in the Goose Point, Irish Bayou, or New Orleans East sites,

could account for the higher concentrations observed in Walker Canal.

SWAMP PRODUCTIVITY

I. Description of Area

Two swamp sites were studied in the Lake Maurepas-Lake Pontchartrain
basin. The first site was located north of Louisiana Interstate 10, 3.2 km
west of the I-10:Blind River Bridge in St. James Parish (Fig. 7). It is
part of the large area of water tupelo swamp southeast of Lake Maurepas
that drains into Lake Pontchartrain. As a result of intensive logging,
very little mature baldcypress now remains. Original vegetation in the
area has been replaced by thickets of black willow and buttonbush mixed
with baldcypress and water tupelo (Saucier 1963). Local relief does not
usually exceed 30 cm. (maximum elevations 0.6 to 0.9 m), and the study
area was continually flooded during sampling.

The second swamp study site was located in St. Charles Parish

adjacent to the Good Hope 0il and Gas field (Fig. 7). The area is
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separated from the nearby oil and gas well heads by an access road and
appeared to be unatfected by the oil and gas extraction activities. The
:(' area is characterized by approximately 5.5 thousand hectares ot backswamp .:
that is comprised predominately of baldcypress (La. Dept. Hwys. 1977). é
i Since the construction of the Illinois Gulf Central Railroad in the wid é
t!! 1800's, baldcypress in the area has extended its range from Lhe fresh- K
water backswamp into the adjacent marsh (Montz and Cherubini 1973). .
i Swamp elevation is 1.5 meters or less above mean sea level (MSL) with ;
F‘ drainage into Lake Pontchartrain through Bayou LaBranche and Crossbayou .j
E Canal (Cramer 1978). ;
1I. Materials and Methods ;
o
A. Litter-Fall :
Study plots 1000 m2 (0.1 hectare) were selected in each swamp area.
Litter-fall was collected every three to six weeks from April 1978, to .-
March 1979, in 10 l-m2 litter traps randomly placed in each plot. The 1
litter boxes were constructed with reinforced window screen bottoms,
L0~cm sides, and l1-m legs to prevent flooding of trapped litter. Col- .i
lected litter was separated into woody (twigs and bark) and non-woody
(leaves and flowers) components, dried at 65°C for 24 hours, and weighed.
B. Transects ':
The point-centered quarter method (Ashby 1972) was used to determine :
tree species composition in each swamp area. Absolute frequency, abso-
;' lute densily, average diamcter at breast height (DBH), and importance '1
{ values (1V) were calcualted tor each tree species (Mueller-Dombois and
; Ellenberg 1974) (Appendix 2-11T1).
] q L
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C. Biomass and Production

Biomass and stem production estimates for baldcypress were cal-
culated using the equations of Schlesinger (1976, 1978) (Appendix 2-1).
Biomass and stem production estimates for all other species measured i
the transects were calculated using the equations described by Monk (Monk
et al. 1970) (Appendix 2-1T1). Total net primary production was calculated
by summing the stem production and annual litter-fall estimates for each

drea.

ITI.  Results

A. Transects

Transect results from the St. Charles Parish Swamp yielded only two
tree species, baldcypress and Drummond red maple (Table 11). Baldcypress
was by far the dominant species, with a 97.4% frequency (IV = 96), whercas
Drummond red maple showed only a 2.67% frequency (IV = 4). Average DBH
of the baldcypress was 26.0 cm. Four tree species were measured on the
Blind River transect (Table 12). Water tupelo was dominant, with a
frequency of 56.2% (IV = 60), followed by Drummond red maple (IV = {9},
ash (IV = 16), and baldcypress (IV = 5). Average DBH of the baldcypress
(35.2 ¢m) was almost 10 cm larger than the same species in the St.
Charles swamp in contrast to the other three species, which ranged from
6.3 cm (Drummond red maple) to 22.0 cm (water tupelo). Absolute density
of all species in the Blind River swamp (1844 stems/ha) was 2.3 times
higher than in the St. Charles swamp (793 stems/ha). Species lists of

all vegetation encountered on the swamp transects are recorded on Tables

13 and 14.
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Table 13. Plant Species List for the St. Charles Parish Swamp Site Near
Lake Pontchartrain, LA, in 1978

ok o

Scientific Name

Common Name

Trees and Shrubs

Acer tubrum var. drummondii
Baccharis halimifolia

Cephalanthus occidentalis

Fraxinus spp.
Myrica cerifera
Rubus spp.

Sabal minor
Taxodium distichum

Ampelopsis arborea

Mikania scandens

Herbs and Other Plants

Vines

Alternanthera philoxeroides

Boehmeria cylindrica

Cabomba caroliniana

Echinodorus cordifolius

Hydrocotyle verticillata

Hymenocallis occidentalis

Iris spp.

Lemna spp.
Limnobium spongia
Lycopus rubellus
Panicum spp.

Phytolacca americana

Polygonum punctatum

Pontederia cordata

Scutellaria lateriflora

Solanum americanum

Solidago spp.

Tillandsia usneoides

Wolffia spp.

Woodwardia virginica

Drummond red maple

Groundsel-tree
Buttonbush

Ash

Wax myrtle
Blackberry
Palmetto
Baldcypress

Peppervine
Climbing hempweed

Alligator weed
False nettle
Fanwort

Creeping burhead
Whorled pennywort
Spiderlily

Iris

Duckweed
American frogbit
Water-horehound
Panic grass
Pokeweed
Smartweed
Pickerelweed
Maddog skullcap
Nightshade
Goldenrod
Spanish moss

Water-meal

Virginia chain fern
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Table 14.

Plant Species List for the Blind River Swamp Site Near Lakes
Maurepas and Lake Pontchartrain, LA,in 1978

Scientific Name

Common Name

Trees and Shrubs

Fraxinus spp.

Ttea virginica

Myrica cerifera

Nyssa aquatica

Nyssa sylvatica var. biflora
Rubus spp.

Taxodium distichum

Herbs and Other Plants

Boehmeria cylindrica
Cabomba caroliniana
Cyperus spp.

Echinodorus cordifolius
Eichhornia crassipes
Hydrocotyle verticillata
Iris spp.

Lemna spp.

Limnobium spongia
Lobelia cardinalis
Lycopus rubellus
Myriophyllum brasiliense
Onoclea sensibilis
Osmunda regalis

Pistia stratiotes
Polygonum punctatum
Polypodium polypodioides
Pontederia cordata
Riccia spp.
Scutellaria laterifolia
Smilax spp.
Utricularia spp.
Wolffiella spp.
Woodwardia virginica

Ash

Virginia willow
Wax myrtle
Water tupelo
Swamp blackgum
Blackberry
Baldcypress

False nettle
Fanwort

Sedge

Creeping burhead
Water hyacinth
Whorled pennywort
Iris

Duckweed
American frogbit
Cardinal flower
Water-horehound
Parrotfeather
Sensitive fern
Royal fern

Water lettuce
Smartweed
Resurrection fern
Pickerelweed
Aquatic liverwort
Maddog skullcap
Greenbriar
Bladderwort
Wolffiella
Virginia chain fern
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B. Litter-Fall

The patterns of litter-fall in the two swamps were dissimilar.
Liter-fall in the St. Charles swamp peaked in December at 6.8 g dry
wl’m_z'duy-] (Fig. 8). Litter accumulation in the Blind River site
showed two peaks: an early August peak characteristic of water tupelo
swamps (William Conner, personal comm.) followed by a November peak, hoth
at 3.5 g dry wt-m-z'day—] (Fig. 9). Water tupelo trees in the Blind
River swamp were almost totally defoliated by insect grazing in the month

2 -

of April. Total annual litter-fall was 379 and 567 g dry wtem “-yr . in

the Blind River and St. Charles swamps, respectively.

C. Biomass and Production

Standing tree biomass was estimated to be 36.2 and 27.8 kg/m2 in the
Blind River and St. Charles swamps, respectively. Differences in stand-
ing crop biomass can be attributed to the higher tree density in the
Blind River swamp. Stem production was estimated to be 241.7 g dry
wtem °yr-1 in the Blind River site and 530.6 g dry wt- m-z'yr-] in the
St. Charles site. Total net primary production (sum of stem production
and litter-fall) was calculated to be 621 g dry wt- m 'yr.1 in the Blind

River swamp and 1091 g dry wt'm-z'yr-1 in the St. Charles swamp (Table

15).

IV. Discussion

The total primary production figures do not take into account under-
story production and insect grazing and are therefore minimal estimates.
Insect grazing (primarily by the forest tent caterpillar), most heavily
atfects water tupelo Lrees. They can be almost totally defoliated in

large areas of southern swamps (Conner and Day 1976).
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g dry wt/m?/day

Leaf Litter Fall: Good Hope, St. Charles Swamp Site
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Figure 8.
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Litter-fall in the St. Charles Parish swamp site bordering the

southeast shore of Lake Pontchartrain, LA, in 1978.
is + 2 x S.F. of the mean.
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Table 15. Biomass, Litter-fall, and Productivity Values for the Blind River
and St Charles Parish Swamp Sites Near the Southeast Shore of
Lake Pontchartrain, LA, 1978

Blind River St. Charles Parish

a

Biomass

g dry wt/m? . 25,200 27,800
Litter-fall/day

g dry wt.m‘z.day'1 1.1 1.7
Total litter-fall

g dry wt.m 2,yr71 379 567
Stem biomass production

g dry wt.m 2, yr~la 242 530
Net primary productivity

g dry wt.m=2,yr-1b 621 1097

a .
Estimated from transect data.

bSum of total litter-fall and stem biomass production.
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Production estimates in the St. Charles swamp correspond very well
with figures reported by Conner and Day (1976) for a baldcypress-water
tupelo swamp near Lac Des Allemands, Louisiana, and other southern swamp
forests. They reported a stem production of 500 g dry wt:-m_z-yr—1 and a
total production of 1140 g dry wt:-mmz-yr—~l in the Des Allemands swamp,
as compared to the 530 and 1097 g dry wt:~m.'2-yr-l production figures in
the St. Charles swamp. The St. Charles Parish site, therefore, appears
to be a relatively healthy and productive swamp forest area, typical of
those found in Louisina. In contrast, production in the Blind River site
(621 g dry wt-m-z-yr_l) was quite low compared to reported values for
similar swamp types. Production was low compared to the productivity
values of 1574 g dry wt:'m-z-yr—1 reported by Conner and Day (1976). Low
production in this area could be the result of earlier intensive logging
and heavy insect grazing, as mentioned previously. In addition, studies
of swamp productivity in southeastern United States (reviewed in Conner

and Day 1976) indicate that seasonal flooding provides the optimum for

tree growth and survival. Production is found to be lowest under continually

flooded, low water flow conditions such as those observed in the Blind

River swamp.

SUMMARY

Of the four Spartina patens marshes studied, the Walker Canal site

was most productive. Net annual primary production was 2000-2500 g/m2

higher in the Walker Canal site than in the Goose Point, Irish Bayou, and

New Orleans East marshes. Higher productivity in this area may be caused

by the influx of nutrient enriched upland runoff water (Cramer 1978).

Results of this study show the Walker Canal area to have significantly
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higher concentrations of nitrate-nitrite nitrogen and orthophosphate
phosphorous in its adjacent waters than the other three marsh areas
studied (P < .05). The effects of impoundment were not reflected in the

productivity of Spartina patens in the New Orleans East arca. Pro-

duction values in the impounded marsh were similar to those of the Goose
Point and Irish Bayou marshes, both of which are open to tidal flushing
from Lake Pontchartrain. However, the high levels of organic nitrogen
and carbon observed in the New Orleans East area indicate that the

impoundment probably prevents export of nutrients and detritus from the

marsh to the Lake Pontchartrain estuary. The impounded marsh is therefore

effectively cut off from the Lake Pontchartrain estuary as a nursery
ground area for juvenile fishes and as a source of nutrient and detritus
export, both of which are important in coastal fisheries productivity
(de 1a Cruz 1973). Salinity within the impounded area is low (1 ppt or
less), and it appears that a gradual shift from the original brackish
wetland to a more characteristically fresh marsh is taking place. This

is evidenced by the low average monthly biomass of live Spartina patens

(8190 g/mz) in the area compared to the other marshes studied (1440 g/m2

average) and by the presence of freshwater species such as Juncus spp.,

Phragmites communis, and Alternanthera philoxeroides within the impoundment.

Annual production estimates in all areas were higher than those reported

by Payonk (1975) and White et al. (1978) for Spartina patens in Louisiana,

but in the same range as those reported by Hopkinson et al. (1978, 1979)
(iable 4).

Results of the swamp productivity studies showed the St. Charles
Parish cypress swamp site to be a healthy area with production values

comparable to those of similar Louisiana swamp forests. The Blind River
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Swamp forest site, however, had production values much less than those
reported for typical Louisiana swamp forests (Conner and Day 1976).

Tree species characteristics at the site were more typical of a cut-over
swamp than a true bottomland hardwood forest because of previous intensive
logging In the area. Low productivity in the Blind River swamp

area could be the result of perturbation from logging activities;

heavy insect grazing; and the continually flooded, low water, flow

conditions.

i

Shell dredge discharging aft
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APPENDIX 1

MARSH PRODUCTION EQUATIONS

1. Smalley (1958) Aboveground Vegetation Growth Equatious

1) [f there was both an increase in the standing crop of living
Spartina and an increase in the standing crop of dead Spartina, then net
production was the sum of the increases.

2) If both living and dead standing crop decreased, then production
was zero. Since production is defined as synthesis of organic matter, it
cannot be negative, and decreases must be accounted for in terms of con-
sumption, sedimentation, or loss from the system.

3) If the standing crop of living Spartina increased and the stand-
ing crop of dead Spartina decreased, production was equal to the increase
in the living Spartina. Any decrease in dead Spartina is assumed to be
due to loss to the tidal waters, but an increase in living Spartina can
only be due to net production.

4) If the amount of dead Spartina increased and the amount of
living decreased, they were added algebraically; if the result was nega-
tive, production was zero; if the result was positive, the resulting

figure was equal to production.

I1. Instantaneous Rate of Disappearance of Dead Material

(Wiegert and Evans 1964):

r = 1n (Mo/MD)

;. tl-t'O

639




\ana |

W( 1s weight of dead material at start (t(i
) )

wl is weight of dead material ot time l'.
(ll-LO is in days

r = disappearance rate in g:g:day

[11. Growth of Aboveground Vegetation (Wiegert and Evaus 1964):

Li = time interval in days
ai-l = standing crop dead material at start
a, = standing crop dead material at end
b.-1 = standing crop green material at start

b. = standing crop green material at end

r. = instantaneous daily rate of disappearance of dead malerial

during interval

1) Amount of dead material disappearing during an interval (Xi):
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2) Change in green standing crop (Abi):

3) <Change in dead standing crop (Aai):

Aa,

]
1]

- a.-1
1

4) Mortality of green material (di):

d. = X. + Aa,
i i i

5) Growth during interval (Yi):

Y. = Ab, + d,
i i i
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APPENDIX 2

SWAMP PRODUCTION EQUATIONS

Regression Equations for l}._ald}t;ypr}vsrsi Production (_S(‘hlvsingvr 1976)

Aboveground Production in grams:

Log ¥ = 1.6145 + 1.551 Log X

Aboveground Dry Weight in kilograms:

Log Y = -.918 + 2.401 Log X

Bole Dry Weight in kilograms:

LLog Y = .9900 + 2.426 Log X

Bole Wood Dry Weight in kilograms:

Log Y = -1.084 + 2.463 Log X

=
]

.99

1.161

.99

1.161
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Bole Wood Production in grams:

Log Y = 1.160 + 1.596 Log X

Branch Wood and Bark in kilograms:

Log Y = -2.16 + 2.17 Log X

Needles and Current Twigs in kilograms:

Log Y = -1.84 + 1.57 Log X

Branch Production Wood and Bark in grams:

Log Y = -2.30 + 1.50 Log X

For each regression:

E
[

diameter above the basal swell in cm.

3
!

= predicted component weight in g or kg
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k% = 88
E = 1.54

R® = .94

E =1.50

R = .94

E = 1.3
R = .94

E = 1.325

as indicated.
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E = an estimate of error.

R™ = percent variance accounted for by the regression.

Regression Equations for Production of Hardwood Trees
(Monk et al. 1970):

1} Stem production

LOGY

0.0294 + 2.3154 log x

2) Leaf production

LOGY = 0.9629 + 2.1861 log x

3) Bole and large stem production -

t

LOGY = 1.9248 + 2.5546 log x

4) Tree production

t

LOGY 1.9757 + 2.5371 log x

For each regression:

Y = grams dry weight of either current year's stem,

bole and large branches, or trees.

X = diameter at breast height in cm.
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Swamp Transect Evaluation Equations

(Mueller-Dombois and Ellenberg 1974):

1)

2)

3)

4)

. .. _ number of individuals of species
Relative density = total number of individuals x 100

dominance of a species
e = x 100
dominance of all species

Relative dominance

Relative frequency = frequency of a species

— - x 100

sum frequency of all species

Importance value (1V) = Relative density + relative

dominance + relative frequency
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Chapter 10

CHANGES IN THE SUBMERGED MACROPHHYTES OF
LAKE PONTCHARTRAIN (LOUISTANA): 1954-1973

by
R. Eugene Turner

Rezneat M. Darnell
Judith R. Bond

ABSTRACT

The shoreline distribution of submerged macrophytes in Lake Pontchartrain

in 1954 is compared to that of 1973, There has been an apparent decline

in the abundance and distributed of Ruppia maritima and Vallisneria

americana but an increased distribution of Potamogeton perfoliatus and

Najas guadalupensis. The specific factors causing the decline cannot be

clearly identified, although increased salinity and urban expansion are

implicated,

INTRODUCTION

An estimated 27% of United States' estuaries remain in a relatively
natural condition (National Estuary Survey 1970). Clearcut documentation
of the changes 1s rare, however, because of the scarcity of adequate
surveys prior to potentially destructive influences.

During 1953-1955 an extensive ecological survey was carried out on
Lake Pontchartrain, Louisiana, a large (2.4 x lO5 ha), shallow (average
depth 4m), estuarine lake (1-15 °/,,). The primary objective of the
survey was an analysis of the ecology of the open waters of the lake
(e.g., Suttkus et al. 1954, Darnell 1958, 1961, and 1964). However,

attention was also given to the ecology of the littoral zone, and most
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of this information has not previously been published. O0f special
interest here is information obtained on the distribution of submerged
beds of rooted vegetation, which we compare to that of Montz's (1978)

similar 1973 survey made during the opening of the Bonnet Carre Floodwav.

MATERIALS AND METHODS

Data were derived from intensive surveys in the vicinity of the
regular shore seining stations as well as from a special trip around the
periphery of the lake, from 0-3 m depth, during the summer of 1954 for
the purpose of mapping the distribution of the vegetation beds. This
survey was conducted by towing a weed sampler (Fig. 1) behind the shallow
draft vessel. This equipment was retrieved every few minutes to determine
whether a bed had been encountered. When the sampler captured vegetation,
the area was examined by wading (where possible) and by hand collecting
to determine the extent and species composition of the vegetation. All
plant identifications were made by Joseph Ewan of the Biology Department,
Tulane University. The 1954 survey was relatively complete for the
periphery of the lake, except for the western shore from Ruddock to the
Tangipahoa River, and for the southeastcrn shore from South Point to
The Rigolets (Fig. 2). We mapped the shoreline presence of the plants
and compared it to Montz's (1978) maps, which were also based on an
extensive summer survey.

A five-year running salinity average for the period 1954-1973 was
obtained from the records maintained by the U.S. Army Corps of Engincers
(COE) for a station at Little Woods, La., on the southeast lakeshore.

The average was compared to the stream discharge of a representative
tributary, the Tangipahoa River at Robert, La., for the same five-vea.

period.
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Figure 1.

Weed Sampler

i
o
SLIDIIMIMIININY S .

D N
’i.-:‘\w‘,‘ W DN RBDMNPINYIMMINIIM

Large Spring

A

—Small Spring

The sampling gear used to collect submerged macrophytes
in 1954. Two springs, of 12.5 cm and 6.3 cm spacing,
are mounted on a sled that is towed by a small boat.
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The land use maps of the U.S. Geological Survey (USGS) were examined

to compare changes from 1954 to 1975 in the immediate vicinity of the

lake.

RESULTS
The only submerged grasses found in the lake in 1954 were Ruppia

maritima and Vallisneria americana. There was an apparent decline in

the abundance of these two species from 1954 to 1973 (Fig. 2). Much of
the loss occurred in the vicinity of the New Orleans beachfront and near
the entrance to the estuary. Small patches of these macrophytes occurred
in 1973 near the Tchefuncte River where there had been none before.
Although it is not possible to precisely compare our findings with

Montz's because of the subjective estimations for occurrence of the
plants, it is worth noting that he observed the "infrequent” occurrence

of plants along the southern shore where we observed them to be "abundant"
in 1954. The net result is an apparent decrease of these two species
along the shoreline between 1954 and 1973, which amounts to a 25-33%

reduction. Other differences are that Montz (1978) found Najas guadalupensis

where none were located in 1954. This may be a real change in distribution.
Montz described Najas sp. as '"infrequent" in water less than 30 cm deep,

so we may have missed them in the 1954 survey. Potamogeton perfoliatus

was found to be abundant in 1973 but none were found in 1954 in an area
that we believe was surveyed adequately then. However, Potamogeton
perfoliatus was collected in 1943 by C. A. Brown in the lake near

Mandeville, La. (Haynes 1968).

The salinity of the lake, as represented by the changing salinity
at Little Woods, was similar or lower in 1954 than in 1973 (Fig. 3).

The annual variations in salinity reflect annual variations in streamflow.
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The land use patterns in the immediate vicinity of the lake have
changed tremendously with the growth of New Orleans (Fig. 4). Thousands
of acres of wetlands have been drained, filled, or leveed for agriculture
or urban expansion; numerous channels were built to drain water pumped
from the city up to sea level and into the lake. At one time there were
vast areas of grassbeds behind the present New Orleans seawall on the
lakefront, especially in the recently urbanized area (P. Viosca, pers.
comm,). Further urban expansion has occurred on the north shore near
Mandeville, Madisonville, and Slidell. We estimate that urban areas in
1972 compared to 1954 are three times and eight times greater on the
south and north shore, respectively. There were few changes in the
types and quantities of land use within the whole watershed, except for
the growth of Baton Rouge to the northwest. The major decline in

vegetation is where urban growth has occurred.

DISCUSSION

Indications are that from 1954 to 1973, the abundance and distribution

of Ruppia and Vallisneria in Lake Pontchartrain have declined whereas

other rooted aquatics have expanded their range in certain areas.
Perret et al. (1971) mentioned Ruppia sp. and Vallisneria sp. as the
only "abundant" species in Lake Pontchartrain during their 1968-1970
survey. Montz (1978) noted that their earlier survey indicated ten
times more acreage of rooted aquatics present than he found.

We cannot clearly identify the specific causal agent(s) of these
changes. Some adjustments to rising salinities may have occurred. For
example, on the south shore a saltwater source, the Mississippi River
Gulf Outlet, was connected to the Inner Harbor Navigation Canal between

surveys in the same vicinity where the grassbeds are no longer evident
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Lake Puntchartrain

LAND USE - 1972
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Figure 4. lLand use in the vicinity of Lake Pontchartrain,
1.A, in 1954 (lower figure) and in 1972
(upper figure).
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(cf. Chapter 4). There may have been a contraction or expansion of the
grassbeds on the eastern edge near the other saltwater source, The
Rigolets, but this could not be determined because the area was not
surveyed in 1954, It was surveyed along the eastern end of the northern
shoreline where there was a decrease. There was also a loss at the
western edge of the northern shore boundary, away from all saltwater
sources. All of these same areas of loss are also adjacent to areas of
recent urban expansion. Bayley et al. (1978) postulated that the recent
changes in submerged macrophyte communities of Chesapeake Bay were
related to eutrophication, salinization, and increases in turbidity that
were caused by urbanization and agricultural activities. However, the
area of agricultural lands in the Lake Pontchartrain watershed has
decreased from 1954 to 1972. Lake nutrient concentrations near New
Orleans (Dow and Turner, Chapter 7) are much higher nearshore than a
few kilometers offshore primarily because of the canals that empty
sewage and street runoff from the city (cf. Stoessell, Chapter 6).
Herbicides, pesticides and chlorine may also be detrimental to the
growth of submerged macrophytes (Stevenson and Confer 1978, Mann 1973).
There are really no comprehensive studies of these Louisiana eco-
systems comparable to those on Zostera sp. (McRoy 1966) or Thalassia sp.

(Zieman 1968). In general, submerged macrophyte communities serve as a

habitat and as a food source for many organisms. Additionally, macrophyte

communities act as geological agents (Schubel 1973).
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Chapter Ll

MACROBENTHIC SURVEY OF ILAKE PONTCHARTRAIN,
LOUISIANA, 1978
by

7

Leonard M. Bahr Jr., Jean Pantell Sikora, and Walter B. Sikora

ABSTRACT

A recent survey of macrobenthos and sediments in Lake Pontchartrain,
lLouisiana, was conducted to select ten representative monthly sampling
stations and three seasonal (quarterly) stations for a benthic characteri-
zation study. Results of the survey indicate that the open lake bottom
is dominated by silty clay sediments (47.67) and that beuthic macrofauna
are relatively sparse throughout the open lake, with an average density
of 3116 + 447 organisms/mz. Only 24 species of macrofauna were identitied
in a total of 104 samples, each 0.09 m2 in area.

The estuary has undergone such cultural impacts as impoundment of
wet lands; urbanization; industrial, agricultural, and petrochemical
pollution; cxcess sediment loading from the Mississippi River; and shell
dredging. Natrient levels and turbidity are high; primarv production is
onlv moderate; toxins are present; and demersal nekton in the open lake
are relativelyv scarce.

Statistical analyses of the initial survey data inlicate that
macrofaunal distribution is only poorly explained by salinitv, grain
siee, organic matter, urban influence, or dredging cftfects; although the

Intter explains 14, of the variability in total faunal distribution,
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INTRODUCTLON

LLake Pontchartrain is a south-temperatc oligohaline estuary that is
located in the geologically active Mississippi River deltaic plain of
southeastern T.ouisiana. The lake formed about 4500 vears B.P. (before
present) when a portion of the Cocodrie deltaic system partially cut it
off from an embayment of the Cull of Mexico' (Saucier 1963). The present
dimensions of the lake (Fig. 1) are as follows: 53.1 km, mean dia.;
1631 kmz, area (U.S. Army Corps of Engineers [COE} 1962). These dimensions
probably reflect the long-term physiographic effects of bottom and
shoreline erosion, sedimentation, downwarping, and subsidence. The
latter processes have affected the lake at different rates in different
areas. Thus, the exceptionally flat bathymetric profile of the present
lake bottom probably indicates a continual redistribution of bottom
sediments (Fig. 2).

Tt has been postulated that the mean depth of Lake Pontchartrain is
maintained at equilibrium as a result of erosion and export of incoming
sediments by wind-driven currents that are:proportional to the average
fetch (Price 1947). 1If valid, this hypothesis implies a constant flux
of sediments through the upper "biogenic'" lake bottom either by the
flushing of new (riverine) sediments from the lake or by their burial
and gradual subsidence. At any rate, despite continual sedimentation,
the lake has not become more shallow in recent times and may even be
deepening, perhaps as a result of cultural effects. The mean depth of
the lake was reported 40 years ago as 3.5 m (Steinmeyer 1939), whereas
the present depth is about 3.7 m mean depth.

Recent cultural influences on lLake Pontchartrain include: (1) major

losses to and/or impoundment of bordering wetland areas; (2) urbanization,
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both at the south shore at New Orleans and (increasingly) along the
north shore; (3) nutrient inputs from urban and agricultural sources;
(4) pollutants from petrochemical and agricultural sources; (5) extensive

shell dredging in fossil shell deposits of Rangia cuneara; and (6) major

' aperiodic inputs of Mississippi River water and sediment as a flood
b control measure via the Bonnet Carre Floodway. The Bonnet Carre has
[ been opened three times during the last decade.

The primary objective of this report is to summarize and to inter-
pret the results of a survey of macrofauna and sediments in Lake Pontchar-
train that was conducted from March to May 1978 as the preliminary phase
cf a benthic characterization study of the Lake Pontchartraiq ecosystem.
The primary purpose of the survey was to determine the heterogeneity of
the benthic community throughout the lake to select a set of permanent

monthly sampling stations that would be most representative of the

entire benthic system. The monthly sampling stations were in turn to be
used in an ongoing benthic characterization study funded by a contract

from the U.S. Army Corps of Engineers (DACW 29-79-C-0099).

MATERIALS AND METHODS

1. Field and Laboratory

The lake was divided into a grid system of 86* quadrats (Fig. 3)
identical in position to those used by Tarver and Dugas (1973), with
each quadrat 23.2 km2 except for those on the lake edge. Benthic samples
(0.09mZ in area) were taken with a J. and 0. box core (Jonasson and

Olausson 1966). One box core was taken in each quadrat, with a replicate

*
Only 85 quadrats were actually sampled.
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core taken at every fourth quadrat. Overlying water was siphoned from

the box core through a 0.5 mm screen, after which the contents were

emptied into a sieving box and washed through 1.2 cm and 0.3 e¢m screens

to remove coarse shell. Materlal from the sieving box flowed onto a 0.5 mm
nylon screen where final field washing and sieving were accomplished.
Animals were sorted from the coarse shell fraction onboard ship; added

to the contents of the 0.5 mm screens; preserved with 10% buffered
formalin; and brought back to the laboratory for final sorting and
cnumeration at the species level.

Separate cores of approximately 38.5 cm2 were taken at each quadrat
with a ball check-valve pole corer for sediment analysis. A standard
hydrometer methnd of particle size analysis was used (Day 1956; McBride
1971). Bedding structure was examined in many samples using x radio-
graphs of vertically sectioned cores.

Total organic carbon of the upper 2-3 cm was measured with a Labora-
tory Equipment Company (LECO) Induction furnace Model 521-100 coupled to

a semjautomatic gasometric carbon determinator.

[T. Statistical Analysis

A computer program provided by Bloom et al. (1977) was used for the
numerical classification of the data obtained from the initial survey to
obtain more information on the number and types of communities in the
study area. The amount of data obtained in large-scale benthic survevs
is not easily analyzed by other techniques. Some examples of the earliest
uses of these particular multivariate techniques are Lie and Kelley
(1970), Stephenson and Lance (1970), Hughes and Thomas (1971), Field

(1971), and Boesch (1973). Since these earlier studies, the use of
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classification has become a standard technique for simplifying and
extracting information from the very complex patterns evidenced by large
collections of multispecies populations.

g Simultaneous double standardization with no transformations of the

t data was used (Boesch 1973):

Y1y

L,
b

(r x,, £ x,,)0.5
j 1y

where xij is the unstandardized value of the i-th species in the j-th
collection. Use of this standardization eliminates problems that can
occur when there are very large and very small collections, or when
there are some species with very high numbers in one sample and very low
numbers in others.

For the classificatory analysis, flexible sorting with the g set

at -0.25 by convention (Boesch 1973) and with the Canberra metric

coefficient in its dissimilarity form

— X

[*13 7 *ik|
i (xij + Xik)

=R
™

Djk

with e = 0.0l was used.
These techniques presuppose a data matrix with species in one

direction and collections at one time over a large area (spatial variation),.

or collections at one site over a time period (temporal variation) in
the other. Because we were attempting to analyze the occurrence of
specific clusters of sites over a large area and because sampling that
large an area took a finite amount of time, it was necessary to include

time as one of the variables {n the step-wise multiple regression analyses
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to ascertain the effects of time on the distribution of the species
included in the cluster analysis. Actual sampling dates were converted

to Julian dates for the analysis.

SAMPLING SITE SELECTION
. COverall Area

Because we were constrained to a monthly sampling schedule at 10
stations in lake Pontchartrain, we were faced with the selection of 10
locations that would give us maximal representation of the veryv large
area involved. The initial survey (on which the site selection was
based) was limited to the open lake, excluding the lakeshore because of
the minimum depth required for our boai. TIn addition, we decided that a

benthic characterization based on only 10 monthly sampling sites would

be strongly biased by edge samples, which would be significantlv different

from open lake samples.
The selection of specific sites was necessarily based on information

available to us prior to the onset of the monthly sampling program.

This information was limited to the quantitative and qualitative paramcters

shown in Table 1. More detailed statistical analyses of the survov
resilts were carried out after the sampling sites had been sclected;
tnerefore, these results are reported in a later section.

Below is a discussion of the specific technique by which we arrived

at our sampling stations.

1. Physico-Chemical Factors

Figure 4 shows maximum salinity recadings of bottom water at each ol

12 stations during the period from 1972-1974. These data are from
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Table 1. Preliminary Information Used to Determine Permanent Monthly
Benthic Sampling Stations in Lake Pontchartrain, LA, in 1978

Detailed biological data

1) Current macrofaunal distribution by species or

general taxa (>.05 mm)
2) Recent macrofaunal distribution (Tarver and Dugas 1973;

Tarver and Savoie 1976; Dugas et al. 1973)
3) Previous macrofaunal distribution (Darnell, unpublished

qualitative data, 1953-1954)
4) Preliminary data on demersal fish distribution and

gut contents

Detailed physico-chemical data

1) Current grain size distribution in surface sediments

(% sand, silt, and clay)
2) 1972-1974 grain size distribution (Tarver and Savoie

1976)
3) Present distribution of organic carbon in surface

sediments
4) Two-year data on salinity, temperature, and turbidity
of bottom water during 1972-74 (Tarver and Savoie

1976)

General information

1) Limited new data on water current regimes in different

areas of the lake

2) Potential effects on biota of proximity to urban influence,
riverine input, marine influence, shell dredging activity,
shoreline, etc.

3) Cost 1in terms of labor and logistics of including alternate
station sites
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Tarver and Savoie (1976). The salinity regime of the lake is clearly
divisible into two regions: a western low salinity zone and an eastern
higher salinity zone. These two zones comprise approximately 607 and
407 of the lake area, respectively. Because salinity is of primary
importance to estuarine organisms, we decided to apportion our 10 sites
in like manner, with six sampling sites in the western region and four
in the eastern.

Likewise, because benthic organisms are ordinarily strongly dependent
on sediment type, we decided to apportion our 10 sites (in relative
fashion) among areas of differing sediment types (grain size). Results
from the sediment analyses revealed a high diversity of sediment types,

as shown in Fig. 5. The proportion of each of the seven types was

calculated as follows:

Sand 5.0%
Silty-Sand 12.2% 21.8%
Clayey-Sand 4,67
Sandy-Silt 9.3%
Clayey-Silt 19.57% 28.8%
Sandy-Clay 1.8%
Silty-Clay 47.6% 49.47

Relative areas of lake “ottom characterized by these proportions of
sediment type suggest a second partitioning--i.e., five stations in
clay, three in silt, and two In sandy substrates.

At this point we had determined to locate three of the 'clavey"
stations, two of the "silty" stations, and one of the '"sandy" stations
in the western (oligohaline) zone and two of the "clayey" stations and
one each of the "silty" and "sandy" stations in the eastern (mesohaline)

zone.
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The third variable considercd was the distribution of organic
carbon in surface sediments. This distribution is shown in Fig. 6. The
organic carbon levels in lLake Pontchartrain arc somewhat lower than in
the sediments of higher energy estuaries such as in coastal South
Carolina and Georgia. The mean value for the lake is 1.067 organic
carbon by weight, with a standard deviation of 0.49. These numbers do
not include two stations that had verv high values: a sewage outfall in
Jefferson Parish and a peat deposit at the southwestern edge of the
lake.

In choosing stations, we considered the organic levels so that in
each sediment type, we included as wide a range of organic carbon as
possible. This allowed us to further narrow our site locations.

Data were collected on shell volume per sample, and variability in
this parameter was considered to be related to dredging activities, at
least in the center of the lake. Figure 7 shows the results of these
data, indicating areas with few shells. We attempted to position our

stations so as to include areas of both high and low shell density.

I11. Distribution of Organisms

Figure 8 illustrates the distribution of all macrobenthic organisms
counted 1n all samples, overlaying a map of sediment distribution.
Total number of species (or taxa) found at each quadrat are shown in
Figure 9.

The distributions of abundance of individuals of each major speci

or taxa were plotted separately to visually check for patterns [

N

effects of physico-chemical and geographical factors. FEach o1 1t

plots is included in an appendix. Where alternate samplin.:
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available, the distributions of major fauna were.used to make the final
decisions. This was the last criterion used in choosing the permanent
monthly stations for benthic characterization.

We had initially projected two sampling sites in each of five
geographic regions of the lake. However, after completing the selection
process, we arrived at station locations shown in Fig. 10. There are,
in fact, five geographic regions shown: northern, eastern, western, and
southern regions, and a roughly south-central region. The southern
region doubles as an "urban' region, and the northern and western regions
as '"riverine" regions. Fourteen sites are shown in Fig. 10, but the
site marked "D" was the area selected for the dredging recovery experiment,
and sites marked "S" are additional stations sampled seasonally. Data
from the latter stations complement the information gained from the 10

characterization stations.

RESULTS AND INTERPRETATION

The overriding general conclusion from the Lake Pontchartrain
benthic survey is that the largest portion of the lake bottom is relatively
depauperate in terms of both species richness and density of macrofauna.
Only 24 species or related groups were identified from 104-0.09 m2
samples collected at 85 stations throughout the lake (Table 2). Chironomid
larvae have been lumped throughout this study because of the difficulty
of distinguishing species in this group at present. Mean number of
species was 8.4 *+ 0.3, and the maximum number ever found in a single
sample was l4. One sample was totally devoid of macrofauna. The mean

2

number of organisms per sample was 3116 m = + 447,
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Table 2. Macrofaunal Abundance in Lake Pontchartrain, LA, in 1978
Percent
2 of
Species Name IN N/m SE Total Rank
1. Rangia cuneata 32é5 418.4 67.6 13.4 3
2. Mulinia pontchartrainensis 5868 752.0 165.3 24.1 2
3. Macoma mitchelli 520 66.6 12.0 2.1 7
4. Congeria leucophaeta 647 82.9 20.4 2.7 8
5. 1Ischadium recurvus 10 1.3 0.8
6. Vioscalba louisianae 8,422 1,079.3 307.9 34.6 1
7. Texadina sphinctosoma 2,007 257.2 62.1 8.3 4
8. Hypaniola florida 1,649 211.3 49.3 6.8 5
9. Laeonereis culveri 20 2.6 1.4
10. Nereis succinea 28 3.5 1.0
11. Parandalia americana 175 22.4 5.2 0.7 9
12. Oligochaetes 11 1.4 0.5
13. Nemerteans 109 14.0 1.6 0.4 10
14, Mysidopsis almyra 15 1.9 1.1
15. Edotea montosa 76 9.7 1.9
16. Cyathura polita 50 6.4 2.0
17. Monoculodes edwardsi 12 1.5 0.6
18. Corophium lacustre 50 6.4 2.6
19. Grandidierella bonnieroides 8 1.0 0.4
20. Gammarus tigrinus 13 1.6 1.3
21. Cerapus sp. 2 0.3 0.2
22. Rhithropanopeus harrisii 9 1.1 0.4
23. Callianassa jamaicensis 1 0.1 0.1
24. Chironomids 1,348 172.7 18.1 5.5 6
TOTALS 24,315 3,116.0
Note: 6 highest ranking species comprise 92.787 of total;

8 highest, 97.58%; 10 highast, 98.75%.
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Biomass of these macrobenthic organisms was calculated to equal an
average of 3.3 g/m2 ash free dry weight (afdw). Eight species dominated
the macrobenthic community and accounted for 97% of the total organisms
collected. Average Shannon-Wiener diversity for all samples was 1.37 !
B' = —Zpi(logepi)].

A map of estimated, relative dredging intensity was prepared in
which the lake was divided into three categories of dredging: (a) very

slight or nondredged, (b) lightly dredged, and (c) heavily dredged.

Information used to establish these areas included the dredging industries'

own self-imposed dredging zones, and safety and sanctuary restrictions

imposed on the industry by the Louisiana Wildlife and Fisheries Commission.

Evidence gathered subsequent to the survey indicates that the edge
zone of Lake Pontchartrain is dissimilar in several respects to the open
lake. For example, we have preliminary data indicating a zone of peak
density of macrobenthos between 1/4 km and 1 km from shore. These data
were collected along a transect from mid-lake (Station D) east-northeast
to the shoreline west of Bayou Lacombe.

One of the most striking distinctions between macrofauna in the
open lake and at the edge zone is the difference in size of the dominant

bivalve Rangia cuneata. Shallow areas (especially at the north shore)

are dominated by large Rangia (30 mm and above), but clams larger than

10 mm were very rare at all 85 open lake stations during the survey.

This same phenomenon was previously reported by Tarver and Dugas (1973).
Boesch (1973), in a study of community structure of macrobenthos,

characterized the Hampton Roads, Virginia, estuarine sampling areas as

being heavily influenced by activities related to shipping, o0il pollution,
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dredging, and municipal and industrial waste disposal. The 141 grab
samples yielded a total of 168 recognizable macrofaunal taxa (oligochaetes
are lumped). An average of 23.0 ' 3.7 species were present at each
sampling at the mud stations, which had a species diversity of 1.59 + 0.26.

In a study of the effects of pollution on estuarine animals in
Apalachicola Bay, Florida (Livingston et al. 1978), the invertebrates
studied had an average diversity of 1.34 * 0,36, with mean number of
species 11,7 + 3.8.

Various studies in the Baltic, which has large areas of low salinity,
show a range of values related to pollution levels. Rosenberg and
MSller (1979), in a relatively unpolluted area on the west coast of
Sweden, found diversities varying from 2.29 to 2.86, with 39 species
present (Hydrobiids are lumped). Leppidkoski (1975) studied low salinity,
polluted areas on the west coast of Sweden and the south west coast of
Finland and found an average diversity of 1.48 * 0.08, with 6.0 + 0.3
species present (chironomids and oligochaetes are each lumped).

Two trends may be observed in these studies. The two areas with

slightly higher salinities (v 15°/,,), Hampton Roads and Apalachicola
Bay, had more species present than the lower salinity areas of the
Baltic and Lake Pontchartrain. Remane (1934) pointed out the decline in
species with lowered salinity, with a species minimum at 6~7°/,,.
Elmgren (1978) showed a species minimum in the Baltic at 3-4°/,,. In
areas of similar salinity, however, a decline in species diversity
occurs with increasing pollution, as is evidenced in the contrast
between the two low salinity habitats on the west coast of Sweden.

The species diversity of Lake Pontchartrain macrofauna was not

significantly different (P > 0.05) from that of the lampton Roads arca
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{Boesch 1973), the Apalachicola Bay (Livingston et al. 1978), or the
polluted areas of the Baltic (Leppdkoski 1975, Ankar and Elmgren 1976).
It was, however, significantly different from the unpolluted Baltic
areas (Rosenberg and Mtller 1979) with similar salinity regimes.

One study (Ruggiero and Merchant 1979) of the Patuxent River showed
a change in diversity with changes in substrate. The diversity ranged
from a high of 2.69 to a low of 0.14, Ruggiero and Merchant characterized
these levels of diversity, ranging from moderately to severely polluted,
as indicating increasing stress from a pollutant. If the changes due to
substrate were held constant, their study indicated only moderate - ~llution
despite the lower diversities.

The effects of salinity stress in brackish waters probably ir acts
with any effects of present pollution levels. It is doubtful tha.
diversity of Lake Pontchartrain, with its present salinity regime, could
ever be higher than 2.4 to 2.8.

Tt is difficult to compare these areas for density or biomass of
organisms, Different sampling gear, sampling techniques, énd sample
handling techniques such as live or preserved sieving, size of sieves
demarcating the macrofauna-meiofauna division, and use of splits or
whole samples tend to cause differences that may or may not be repre-
sentative of actual community differences. The use of measures of
community structure such as specles diversity or speciles richness en-
ables us to compare these areas with some degree of confidence because
absolute numbers do not affect those measures so long as sample size and
number of samples are adequate.

When the macrofauna data were analyzed by a clustering technique,

the greatest dissimilarity coefficient appeared to separate the collections
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from heavily dredged and polluted areas from samples obtained at less
stressed areas. At lower levels of dissimilarity, seven distinct groups
of stations appear. These groups differ in location within the lake, in
abundance, and in diversity. Cluster A (Table 3, Fig. 12) contains
stations with significantly higher abundance than any other group.

Because of the effect of high dominance, these stations also exhibit
significantly lower diversity. Clusters B, C, and D all show values for
abundance not significantly different from the mean. Cluster B consists
mostly of "edge' stations along the north and west shores and has sig-
nificantly higher diversity than the other clusters. Clusters C and D
might be considered as subgroups of one cluster because they are separated
at a fairly high level of similarity. It is, however, a natural separation
into an eastern, higher salinity group of stations with lower diversity
(C), and into a western, lower salinity group with average diversity (D).
Cluster E, the group nearer New Orleans, exhibits an urban influence,

with significantly lower abundance and average diversity. Cluster F
includes stations somewhat impacted by dredging, with lower abundance

and average diversity. Cluster G includes those stations mos. severely
impacted, with extremely low abundance (two orders of magnitude lower

than the others), and significantly low diversity.

Analysis of the distribution of dominant species as the dependent
variable in a stepwise multiple regression using a variety of environ-
mental parameters as independent variables {(dredging intensity, time of
collection, conductivity, organic carbon, and sediment distribution)
showed that different species were sensitive to different parameters.

Figures 13, 8, 14, and 11 show macrofaunal distribution with respect to
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four of these parameters. Table 4 summarizes the units of the multiple

regression for the eight dominant species. When all species were considered

together, the variability in their combined distribution was most significantly

explained by the estimated intensity of dredging at each sampling site.
This parameter reduced the variability in the combined distribution by

14%, which 1is considered highly significant, given the large variability.
The second most significant factor, time of collection, was not significant
in controlling variability of distribution. The third most significant
factor, conductivity, lost significance in total distribution because

some species preferred higher and some preferred lower conductivities,

and, when combined, they cancelled each other out. The lack of significance
of the fourth factor, organic carbon, in both the distribution of the
individual species and in the distribution of total numbers of animals

is probably related to the relatively even levels of organic carbon

across the lake. The fifth factor, grain size of the sediment, was

significant in only one case, the polychaete liypaniola florida, which,

in this study, appeared more frequently in the coarser sediments (Appendix

Fig. 1).

DISCUSSION
The results of this survey indicate that the Lake Pontchartrain
macrobenthic community is in relatively poor condition (at least in the
open lake), and we believe that this condition represents a historical
decline. The lack of quantitative "before' data precludes our making a
definitive statement about the timing of this decline; however, we

hypothesize that the change in "health'" of the benthic community coincided
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with the gradual increase in cultural perturbations that have resulted
in a decline in general lake productivity.

Within-lake primary production overall is generally lower than
would be expected, given the average nutrient levels in the water column
(Witzig and Day, Chapter 2; Dow and Turner, Chapter 7). Chlorinated
hydrocarbons have been detected in the water column of Lake Pontchartrain
(United States Geological Survey 1978), and there is evidence that these
chemicals can inhibit primary production (Moore and Harriss 1972).

The best evidence for a probable change in the macrofaunal community
on the lake bottom itself 1s th~ fact that large living clams are vir-
tually absent from this area, as shown by their absence in piles of
dredged shells (Tarver 1972). Another indicator of current problems is
that the reported average diversity (using the Shannon-Wiener formula)

of macrobenthos in the open lake (1.4, present study) is well below the

minimum level of three that has been reported to indicate healthy (unpolluted)

estuarine benthic communities (Ruggiero and Merchant 1979). No comparable
data are available from previous studies of Lake Pontchartrain for
comparison.

We strongly advocate a continued effort to quantify rates of
secondary productivity of benthic organisms in the open lake and at lake
edge. The connection between these organisms and the demersal nekton
that comprise the major portion of the higher consumers in the lake

should also be documented.
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Chapter 12

NEKTON OF LAKE PONTCHARTRAIN,
LOUISTIANA, AND ITS SURROUNDING WETLANDS

by
Bruce A. Thompson
and
J. Stephen Verret
ABSTRACT

The nekton of the Lake Pontchartrain estuary was studied from

January through December 1978. Twelve lake and four marsh stations

produced a total of 83,709 specimens, comprising 85 species in 39 families.

The five most abundant lake species were Anchoa mitchilli-bay

anchovy, Micropogonias undulatus-Atlantic croaker, Brevoortia patronus-

Gulf menhaden, Menidia beryllina-tidewater silverside, and Syngnathus

scovelli-Gulf pipefish; these comprised 81.27% of the lake fauna. The

five most abundant marsh species were Cyprinodon variegatus-sheepshead

minnow, Anchoa mitchilli, Poecilia latipinna-sailfin molly, Lucania

parva~rainwater killifish, and Brevoortia patronus, and they comprised

52.9% of the marsh fauna.

The community is marked by strong seasonal movements: primarily
larval immigration in winter and spring and adult emigration in fall and
winter. Seasonal faunal similarities in the lake were: winter-spring
447, spring-summer 53%, and summer-fall 637. Respective marsh values

were 48%, 52%, and 607%.
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Information theory diversity values seem to indicate a moderately
healthy fish fauna. Overall diversity (H) ranged from 1.36 to 2.55 (X
= 1.88) in the lake and tfrom 1.69 to 2.90 (X = 2.22) in the marsh.
Species richness (D) showed a tall maximum, reflecting an influx of
temporary marine visitors to thse comnunity. These rare species lowercd
equitability (E) and evenness (J) values.

Lake Pontchartrain seems most important not as a spawning area, but
rather as a feeding and nursery area for the young of many species in

the southeastern Louisiana estuarine complex.

INTRODUCTION

[.ake Pontchartrain is part of a large, complex, warm-to-temperate
estuarine system that occupies much of southeastern Louisiana. Components
of this system make up a series of water bodies that gradually change
from limnetic (0.5 °/,,) (Lakes Maurepas and Pontchartrain), to oligohaline
(0.5 to 5.0 °/,,) and meschaline (5.0 to 18.0 °/,,) (Lakes Pontchartrain
and Borgne), ending in polyhaline (18 to 30 °/,,) (Breton, Chandeleur,
and Mississippi Sounds) and euhaline waters (30 to 40 °/,,) (Gulf of
Mexico) (Remane and Schlieper 1971, Cunter 1961).

Different aspects of the physical makeup of the area have been des-
cribed in detail in several studies (Darnell 1958, 1962a; Tarver :ad
Dugas 1973; Montz 1978). Darnell] (1962a) and Saucier (1963) discussed
the geological and ecological historv of the lake. CGunter (1952, 1953)
and Tarver (1974) presented historical information on interconnections
between the Mississippl River and Lake Pontchartrain.,  Steinmayer (1939)

described bottom sediments of lLake Pontchartrain.
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Lake Pontchartrain is roughly oval in shape (being longer on its E-
W axis) and occupies approximately 1632 sq km. It is shallow (maximum
natural depth, 5 m) but relatively flat-bottomed; 75% of the area is 3 m
or more in depth (Steinmayer 1939). Dredging by man and natural scouring
near The Rigolets and the Chef Menteur Pass have produced depths of 6-33 m.

There have been few studies on fishes in Lake Pontchartrain. The
earliest comprehensive study was conducted between 1953 and 1955 (Suttkus
et al. 1953 a-c; 1954 a-f; 1955 a-b). This survey found 92 species of
fish. In a limited two-year study, Davis et al. (1970) collected 39
species of fish but made no new records. Tarver and Savoie (1976) found
four species new to the lake in their study that produced 65 species of
fishes. Prior to the present study, 96 species of fishes were known

from Lake Pontchartrain.

OBJECTIVES

During 1978, a year-long study of the fishes of the Lake Pontchartrain
estuary was conducted to address seven main objectives: 1) to acquire
an accurate picture of which fishes occupy the lake, 2) to update our
knowledge on the abundance and distribution of the fishes, 3) to obtain
an understanding of the importance of seasonality in the biology of the
lake, 4) to find interrelationships between the lake and surrounding
marsh area, 5) to evaluate the overall diversity of the fish community,
6) to determine the interconnection of Lake Pontchartrain with the other
bodies of water in the complex estuarine system of southeastern Louisiana,
and 7) to establish an information base upon which potential chaunges in

the various components of the fish community in the lake can be assessed.
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MATERIALS AND METHODS

I. Collecting Procedures

Fish were normally preserved in 107 unbuffered formalin for at
least a week, then throughly rinsed one to several times with water,
allowed to soak several more days in the water, and then transferred to
457 {sopropanol for storage while processing. 1In certain instances,
specimens were weighed and measured fresh in the field. This was true
of certain large specimens or material where the alimentary tract was
dissected out for food habits analysis. For most collections, at least
25 specimens of each species (if present) were individually weighed and
measured. In addition, the total number and gross weight of each species
were also recorded.

Data on each species were coded, and all pertinent data were then

transferred to computer cards.

1I. Sampling Gear and Problems

In an attempt to overcome the obvious collecting bias of many of
the fish collecting methods, several types of gear were fished at a
given location (where possible). It is hoped that this produced a more
accurate picture of the seascnal successions and diversity of species in
l.ake Pontchartrain and surrounding marsh area. McHugh (1966) discussed
the problems of adequately sampling seasonal successions and the varying
niches of the estuarine community. He summarized these problems as:

These successions can be followed only partially by considering

the catches by any one kind of gear. Most estuarine species

seek the deeper waters of the channel in winter, but spread

out into the shallower littoral areas in spring and summer.

some may be demersal at certain times, pelagic at others.
Many species are most active In epring and fall and relatively
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inactive in midsummer and winter. Each change has a different
effect on the availability of each species to each type of
gear and in each part of the estuary. Thus, conclusions on
relative abundance, distribution, and size and age composition
of estuarine nekton must be derived from catches by various
kinds of gear, integrated with a considerable amount of
subjective interpretation and qualitative observation.

Despite these sources of error, biologists who are experienced
students of estuarine nekton are justifiably confident that
their conclusions reflect the true patterns of distribution

and abundance with reasonable accuracy.

Haedrich and Hall (1976) also outlined estuarine fish sampling

problems and concluded that "for most sampling procedures, the sample

is, at best, only semiquantitative.'" 1In 1975, de Sylva reported on the

lack of realistic evaluations of the larger, swift-swimming fishes that

can easily evade capture by most methods normally used in estuarine

studies. In the present study in Lake Pontchartrain, such species would

include bull shark (Carcharhinus leucas), tarpon (Megalops atlantica),

needlefish (Strongylura marina), and jack (family Carangidae).

Caution

must be used in any evaluation of the importance of the ecological role

of these species because they are probably underestimated. The

list describes gear used during the study.

following

A. SEINES: Three different seines were used when conditions permitted.

1) A 3 m, 4.3 mm mesh, straight seine. This was the
standard seine used at the seining stationms.

2) A 10.7 m, 12.7 mm mesh, bag seine. This was used

where larger beach areas permitted use of a bigger seine.

3) A 45.7 m, 12.7 mm mesh, bag seine. This was used only

where large, open beach areas existed (e.g., ftation 4).
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B. TRAWLS: Three different trawls (TR) were uscd.
1) A 4.9 m, 19.1 mm mesh trawl. This was the standard
trawl used for most of the survey.
2) A 2.4m 19.1 mm mesh trawl. This was used only in
the marsh where restricted trawling areas existed.
3) A 9.1 m, 19.1 mm mesh trawl. This was used for the

first month in the open lake and then discontinued.

C. STATIONARY NETS (STNT): These were set at five stations (1, 4, 6,
8, and 10) around the lake. Two standard types were used, gill nets
(G) and trammel nets (T); together they are referred to as stationary
nets (STNT).

1) A91.4 m, gill net, 1.8 m deep, made up of 4, 22.85 m
sections, each a different mesh size, was the standard
gi1ll net. The mesh sizes (bar measurement) were 25.4 mm,
50.8 mm, 76.2 mm, and 101.6 mm and were set in random order
in constructing the net. To avoid net damage, all sets
were bottom sets.

2) A 9l.4 mwide, 1.3 m deep, trammel net was uscd. The inner
net mesh was 38.1 mm; the outer mesh was 254 mm. The
trammel net was discontinued after four months when
concentrations of btlue crabs (Callinectes) made running

the nets overly time consumming.

.  FLECTROSHOCKER (SHKR): An aluminum bateau with a gasoline-powered
b.C, cenerator was used at certain areas of the marsh stations to

supplement the regular collections in an attempt to overcome

716




some of the adverse conditions (such as soft, mud bottoms and

snags) that made the normal techniques inadequate.

E. DIPNETS (D): A number of different dipnets of 4.8 mm and 6.4 mm
mesh were used in the marsh and other dense grassbeds where other
collecting techniques proved to be inefficient.

To standardize the collecting stations, time periods or given areas
were used to provide a uniform basis. Where possible, two regimes were
used, trawling and stationary nets,

Trawling speed was kept constant at 2000 rpm, and in the lake
duration was 0.5 hr. Distance covered varied slightly with lake conditions
but was measured against fixed markers (such as powerline towers) in the
lake and on shore. These distances were checked against U.S. Coast and
Geodedic Survey (USC&GS) map No. 11369 (Lakes Pontchartrain and Maurepas).
Average distance trawled was 3200 m (2 miles). Wagner (1973) and
Loesch et al. (1976) estimated their 4.9 m (16') trawl swept an area
2.5 m wide. Present observation resulted in an estimate of a 3.5 m
(~v11.5 ft) wide trawling area. The bottom of Lake Pontchartrain is
relatively clean and smooth and may allow the trawl to fish normally
with a wider opening. Heavy vegetation growth at several marsh stations
caused the trawl to become obstructed and to fish with a noticeable
reduction in catch width. Multiplying distance trawled (3218 m) by
opening width of the trawl (3.5 m) gives an average area swept in the
lake of 11,263 m2. This figure was used in calculating population
density and biomass estimates.

Stationary nets were set for a standard period of 240 min. (4 hr).

When seining or electroshocking, an attempt was made, where possible,

to cover nearly the same area each month at different stations. Changes
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in water depth, heavy growth of plants, snags and many other obstacles
made this technique at best a semiquantitative estimate as explained
previously. The time interval for each shocking or seining station was
also recorded to give an estimate of effort spent at each area.

Salinity and water temperature were determined from a YSI (Model
33) temperature-conductivity meter. Preliminary study showed little, if
any, stratification, so surface readings were used. A Secchi disc was
used for turbidity readings. A boat-mounted depth finder was used to
determine water depths; these data were compared with USC&GS map 11369.
Direct observations and the USC&GS map were used to determine bottom
type. Field identification and preserved samples were made and compared
with Montz (1977) for determination of aquatic _lant samples. The order
of scientific and common names of fishes listed follows Bailey et al.
(1970) (except where more recent findings have changed the accepted
names).

The median (Mdn) and the mean (X) are given on several tables
because inferences drawn from a sample median about the population
median, although not as accurate as those drawn from a sample mean, are
safer and more general in the sense that they do not rest on the assump-
tion of aormality.

Figure 1 shows the location of 17 nekton stations sampled during
the present study. They were located at major tributaries and passes of
the lake to monitor potential movements of the fish species. Four marsh
stations were sampled to identify possible interrelationships between
the lake and surrounding marsh. Both inshore and open water lake

stations were set up to monitor two major ecological regimes.
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IIT. Station Descriptions

A. Lake Stations

STATION ONE. Lake Pontchartrain, SW off mouth of Pass Manchac (30°
16.8' N; 90° 18.5' W). WATER DEPTH: 1-3 m. SALINITY: 0-2 °/.,,

X = 1.2 °/,,. WATER TEMPERATURE: 7-30° C, X = 19.9° C. TURBIDITY: 5-
125 cm, X = 55 cm. GEAR: G, T, TR. This was an open lake station with
no observed vegetation. The bottom was hard mud (with many submerged
tree stumps and logs), except for the Pass Manchac delta area, which was

soft silt and mud.

STATION TWO. Lake Pontchartrain off mouth of Tangipahoa River (30°

20.3" N; 90° 16.2' W). WATER DEPTH: 0-3.3 m. SALINITY: O0-1.4 °/,.,

X = 0.6 °/oo. WATER TEMPERATURE: 7-32° C, X = 20.6° C. TURBIDITY: 5-
90 cm, X = 45 cm. GEAR = S, TR. This station included a seine collection
at a shell and mud island and a trawl approximately 1 km ESE of the
island, just outside a set of electric power lines. Submerged vegetation

of the shore station included Cabomba, Ceratophyllum, Myriophyllum, and

several filamentous green algae.

STATION THREE. Lake Pontchartrain off the mouth of the Tchefuncte River
(30° 22.0' N, 90° 10.8' W). WATER DEPTH: 2-3.3 m. SALINITY: 0-2 °/,,,
X = 1.3 °/0o. WATER TEMPERATURE: 6-32° C, X = 20.3° C. TURBIDITY: 3-
135 -m, X = 87 cm. GEAR: T (a shore seining station was tried during
January and February and then was discontinued for the remainder of the
study). This was an open lake station with no observed vegetation. The

bottom was mud mixed with patches of hard clay.
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STATION FOUR. Lake Pontchartrain at Goose Point (30° 15.6' N; 89° 59.0'
W). WATER DEPTH: O0-3 m. SALINITY: O0-3.8 °/c0, X=2.2 °/oe. WATER
TEMPERATURE: 6-31.5° C, X = 20.0° C. TURBIDITY: 5-165 cm, X = 74 cm.
The maximum Secchi disc reading for the study (195 cm) was observed at
this station on November 14, 1978. GEAR: G, T, S, TR, D. This station
included both shore and open lake areas. There were large, dense,
submerged grass beds along shore at this station. Dominant vegetation

was Vallisneria, but large patches of Ceratophyllum, Myriophyllum,

Cabomba, and Cladophera were present. The bottom ranged from sand

(along the shore) to soft mud (offshore in open lake area).

STATION FIVE. Lake Pontchartrain between Big Point and South Point,
usually 1 to 2 km W of Railroad Bridge (30° 11.0' N; 89° 53.5; W).
WATER DEPTH: 2.75-3.3 m. SALINITY: 1.8-5.1 °/.0, X = 3.4 ppt. WATER
TEMPERATURE: 5-29.5° C, X = 19.5° C. TURBIDITY: 2-110 cm, X = 72 cm.
This was an open lake station with no observed vegetation. Small

tragments of the hydroid Garveia franciscana were rarely taken. Crowell

and Darnell (1955) listed this species (Bimeria franciscana) as abundant

in this area. The bottom was sott mud.

STATION S1X. Lake Pontchartrain at The Rigolets (30° 10.7"' N; 89° 44.8'
W). WATER DEPTH: 0-6 m. SALINITY: 1.9-8.5 °/o., X = 3.7 °/oo.
Maximum salinity measured during the normal nekton sampling (8.5 °/.,)
was observed at this station on November 15, 1978. WATER TEMPERATURE:
5-30° €, X = 19.7° C. TURBIDITY: 10-100 cm, X = 64 cm. GEAR: G, T,
S, TR, D. This station included both shore (north shore of The Rigolets,

W of Hwv. 90) and open lake areas. There were fairly large inshore

grassbeds of Vallisneria and Ruppia as well as several unidentified
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filamentous algae. In the open lake areas, Garveia franciscana, a

hydroid, was fairly abundant during certain fall months. The bottom was

a mixture of hard and soft mud, with areas of sand along shore.

STATION SEVEN. Lake Pontchartrain at mouth of Chef Menteur Pass (30°
05.9' N; 89° 49.2' W). WATER DEPTH: 1-6m. SALINITY: 1.8-6.8 °/,,,

X =4.3 °/y,. WATER TEMPERATURE: 5-30° C, X = 20.0° C. TURBIDITY:
12-100 cm, X = 64 cm. GEAR: TR. This was an open lake station (the
first few months were done in the lake and Chef Menteur Pass, but this was
discontinued) that had no observed vegetation. Hydroid was collected

similarly to Station Six, The bottom was soft mud.

STATION EIGHT. Lake Pontchartrain W of mouth of Inner Harbor Navigation
Canal (IHNC) (30° 02.4' N; 90° 02.4' W). WATER DEPTH: 0-7.3 m.
SALINITY: .5-5.5 °/o0, X = 3.3 °/o0. WATER TEMPERATURE: 8-30.5° C, X =
20.9° C. TURBIDITY: 10-160 cm, X = 78 cm. GEAR: G, T, S, TR. This
station included both shore and open lake areas. The seining area was
located at the Seabrook Bridge boat ramp area behind breakwaters. It
included both a sand beach and boat ramp. The concrete ramp had large
patches of Enteromorpha growing on it during warm weather. The open

lake stations had no observed vegetation and a mud bottom. The trawl
station started near the channel at the mouth of the IHNC and ran west a

short distance off the south shore seawall.

STATION NINE: Lake Pontchartrain approximately 1.5 km W of Causeway and
1.5 km off south shore (30° 02.2' N; 90" 10.0' W). WATER DEPTH: 3.3-
4,2 m, SALINITY: .5-3.9 °/,., X =2.6 °/oo. WATER TEMPERATURE: 7-30°
C, X = 20.4. TURBIDITY: 10-150 cm, X = 72 cm. GEAR: TR. This was an

open lake station with no observed vegetation. The bottom was soft mud.

721

*
. .
)
, e
r o
’ o
{
) B
]

[ [
{
<

) ]
)

[ J [ J
1

’ -
)

» -




STATION TEN. Lake Pontchartrain off the mouth of Bayou La Branche (30°
04.3" N; 90° 21.0' W). WATER DEPTH: 0-2.5 m. SALINITY: 0-3 °/.,, X

= 1.9 °/,,. WATER TEMPERATURE: 7-29.5° C, X = 20.7° C. TURBIDITY: 5-
140 cm, X = 62 cm. GEAR: G, T, S, TR. This station included a seining
area at a large shell, sand, and mud beach just east of the mouth of
Bayou LaBranche. The open lake area was along the power lines located
about 1.5 km offshore. The surface of the lake was often covered with
large patches of Lemna (duckweed) blown into the lake from nearby swamps
and marshes. The bottom of the entire area was a mixture of mud, silt,
and sand. There were large concentrations of Rangia shells near shore
and in adjacent shallow water. The inshore area was dotted with many

sunken logs and stumps (mostly Taxodium, cypress).

STATTON ELEVEN. Lake Pontchartrain along west shore powerlines (between
towers 130 and 140), about 8 km FSE of Ruddock (30° 11.8'N; 90° 21.0'
W). WATER DEPTH: 3.0-3.3 m. SALINITY: .5-2.8 °/o0, X = 2.0 °/,,.
WATER TEMPERATURE: 11-32° C, X = 21.3° C. TURBIDITY: 20-100 cm, X =
50 cm. GEAR: TR. This was an open lake station with a relatively soft
mud bottom. During several of the summer months the surface was covered

with blue-green algae (some samples identified as Anabaena).

STATION TWELVE. Lake Pontchartrain at center of lake running parallel
near the Causeway, usually starting or ending near Causeway mile marker
12 (30° 11.3'; 90" 07.2' W). WATER DEPTH: 4.2-4.6 m. SALINITY: 1.8-
4.5 °/00, X = 2.9 °/.,. WATER TEMPERATURE: 5-30° C, X = 20.0° C.
TURBIDITY: 2-100 cm, X = 63 cm. GEAR: TR. This was an open lake
station with no observed vegetation. The bottom was soft mud with a

mixture of Rangia shells.
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B. Marsh Stations

E STATION THIRTEEN. Chef Menteur Pass marsh area near mouth of Bayou
y(| Sauvage (30° 0.4' N; 89° 48.7' W). WATER DEPTH: 0-1.8m. SALINITY: 1- ’ 0:
» 6.7 °/oo, X = 4.2 °/,,. WATER TEMPERATURE: 7.8-32°C, X = 21.6° C.
TURBIDITY: 2-100 cm, X = 46 cm. GEAR: S, TR, D. This marsh area was
sampled in three different habitats: a large open pond, a large tidal ' LA
stream, and a small side tributary of the tidal stream. The bottom in
all areas was soft mud, except for the deepest center of the tidal stream

‘ where it was harder mud with some clay. During the warm months, most of

the aquatic area of the marsh had dense growths of Vallisneria and

Ceratophyllum. The depths in the sampling areas changed nearly .6 m

with the tide and wind. At low water levels, most of the small tribu-

taries would be nearly dry; at flood, the entire marsh area would be

covered with water.

| I A
STATION FOURTEEN. Walker Canal between Lake Pontchartrain and I-10 (30° {
0l.6' N; 90° 18.8' W). WATER DEPTH: 0-2.4 m. SALINITY: 0-3 °/.., X = b
1.7 °/ss, WATER TEMPERATURE: 9-31° C, X = 21.8° C. TURBIDITY: 12.5- ]
’ o
P
t 42.5 cm, X = 28 cm. GEAR: G, T, S, TR, D, SHKR. This station included
the main marsh canal and a small side tributary. The bottom was soft
K mud mixed with peat. The canal water was consistantly stained a dark , .
| _
brown from dissolved marsh components. During the warm months, the main
canal contained heavy growths of Ceratophyllum, Myriophyllum, and Cabomba.
¢ The water changed greatly with changes in wind. The small side tribu- , . ]
tary would often have little or no water except where it connected with )
the main canal. These conditions were generally brought on by a strong
' southerly wind.
L L 4
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STATION FIFTEEN. T (or Tee) Bayou, North Pass, and adjacent marsh area
about 1.5 km E of Pass Manchac (30° 18.5' N; 90° 2.3.3" W). WATER

DEPTH: 0-1.8 m. SALINITY: 0-1.6 °/,0, X = .8 °/¢0. WATER TEMPERATURE:
6-30° ¢, X = 21.2° C. TURBIDITY: 10-80 cm, X = 39 cm. GEAR: S, TR,

D, SHKR. The dominant aquatic vepetation was Alternanthera (alligator-
weed), Utricularia (bladderwort), and Najas. The bottom was soft mud.
The water level changed greatly at this station, leaving isolated pcols
in the marsh at low levels. These were sampled to evaluate the more

permanent marsh inhabitants.

STATION SIXTEEN. Bayou LaCombe and small marsh tributaries about 1.5 km
inland from the north shore of lLake Pontchartrain (30° 16.8' N; 80°

57.3' W). WATER DEPTH: 0-2.1 m. SALINITY: 0-2.8 °/ce, X = .8 °/qo.

WATER TEMPERATURE: 5-30° C, X = 19.4° C. TURBIDITY: 15-100 cm, X =

56 cm. GEAR: S, TR, D, SHKR. The main bayou was sampled with trawl

and shocker; the small tributary was worked with seines and dipnets.

Both the main bayou and tributary had heavy growths of Cabomba, Myriophyllum,

Ceratophyllum, Vallisnaria, and filamentous green algae during the

warmer months. The bottom in most areas was very soft mud. In several
areas along a shell road there were firmer substrates where shell had

spilled into the water.

STATION SEVENTEEN. Lake Pontchartrain at mouth of Bayou St. John near
Lakeshore Drive bridge (30° 05.0' N3 90° 01.6' W). WATER DEPTH: 0-1.8 n.
(Note:  This station was not sampled from 1/78 to 5/78). SALINITY:

3.1-4.8 °/hne X = 4.0 °/4o. WATER TEMPERATURE: 12-30.2° Cy X = 25.2° C.

TURBIDE v: 55-150 ¢m, X = 108 cm. GFEAR: S, SHKR. This station
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STATION FIFTEEN. T (or Tee) Bayou, North Pass, and adjacent marsh area
about 1.5 km E of Pass Manchac (30° 18.5' N; 90° 2.3.3'" W). WATER

DEPTH: 0-1.8 m. SALINITY: 0-1.6 °/.,, X =.8 °/60. VATER TEMPERATURE:
6-30° C, X = 21.2° C. TURBIDITY: 10-80 cm, X = 39 cm. GEAR: S, TR,

D, SHKR. The dominant aquatic vegetation was Alternanthera (alligator-

weed), Utricularia (bladderwort), and Najas. The bottom was soft mud.
The water level changed greatly at this station, leaving isolated pools
in the marsh at low levels. These were sampled to evaluate the more

permanent marsh inhabitants.

STATION SIXTEEN. Bayou LaCombe and small marsh tributaries about 1.5 km
inland from the north shore of Lake Pontchartrain (30° 16.8" N; 80°
57.3' W). WATER DEPTH: 0-2.1 m. SALINITY: 0-2.8 °/.., X = .8 °/.,.

19.4° C. TURBIDITY: 15-100 cm, X =

WATER TEMPERATURE: 5-30° C, X

56 cm. GEAR: S, TR, D, SHKR. The main bayou was sampled with trawl

and shocker; the small tributary was worked with seines and dipnets.

Both the main bayou and tributary had heavy growths of Cabomba, Myriophyllum,

Ceratophyllum, Vallisnaria, and filamentous green algae during the

warmer months. The bottom in most areas was very soft mud. 1In several
areas along a shell road there were firmer substrates where shell had

spilled into the water.

STATION SEVENTEEN. Lake Pontchartrain at mouth of Bayou St. John near
lL.akeshore Drive bridge (30° 05.0' N; 90° 01.6' W). WATER DEPTH: 0-1.8 m
(Note: This station was not sampled from 1/78 to 5/78). SALINITY:
3.1-4.8 /oo, N = 4.0 °/,,. WATER TEMPEL..IURE: 12-30.2° ¢, X = 25.2° C

TURBIDITY:  55=150 cm, X = 108 ¢m. GEAR: S, SHKR. This station
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was a large, firm sand and silt delta that extended into the lake north
of the Lakeshore Drive bridge. Souath of the bridge and protected by it
was a large, dense bed of vegetation. This growth included Vallisncria,
Ruppia, Ceratophyllum, and Cladophora (a filamentous green alg:.).

This was the largest area of vegetation found on the south side of lake
24 24

Pontchartrain during the survey.

RESULTS
. Physical Description of lake

Table 1 and Figure 2 show the station and monthly average salinity
for lLake Pontchartrain. Table 2 presents a classification of stations
using the Venice System as shown in Remane and Schlieper (1971). In
1978, the lake salinity ranged from 0 to 8.5 /... The salinity pattern
was similar to that described by Darnell (1958) with western stations
having lower salinities and eastern stations being higher in salinity.
Five lake and three marsh stations had a minimum of O "/..; The Ripgolets
station (No. 6) showed a maximum of 8.5 °/,,. The lake minimum occurred
in January (1.0 °/,,) and slowly increased during the year to a maximum
in November (3.8 °/,.), with a subsequent drop in December. The lake
cverape for the year was 2.6 °/,.. The range and monthly averages
compare in value with those presented in Table 3 from previous lLake
Pontchartrain studies.

Table 4 presents water temperatures for the lake during 1978,
Figure 3 shows a close correlation between air and lake temperatures.
Tabhle 5 pives rabnfall and air temperatures for the southeastern section
of Louisiana area influencing lake Pontehartrain., he average minimuom

Vike temperatare (6.2° C) occurred in Januarv and maximum average (30.0° ),
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in July. Average temperature for the year was 20.7° C. The lake
warmed slowly between January and March and then rapidly between March
and April. Between April and June there was a continued slow increase.
There was a relatively uniform maximum of 28 to 32° C betwecn June and
August. The fall decrease was not as steep as the spring increase.
Maximum decline was between September and October and November and
December. Presumably an additional decline occurs between December and

T n

1979. Sutckus
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Janudry, bul ithe saimpling jas not continued into
et al. (1954d) noted a very similar water temperature pattern in the
lake.

Table 6 and Figure 2 show the turbidity of Lake Pontchartrain for
1978. The turbidity pattern roughly follows that of salinity. The lake
maximum (7 cm; note: the smaller the Secchi disc reading, the greater
the turbidity and, inversely, the lower the water transparency) occurred
in January. There was decreased turbidity in February and it was followed
by a slight increase in March. BPetween March and June there was close
to a fourfold increase in the clarity of the lake water. During the
summer and fall months there was an irregular pattern of increases and
decreases in water clarity, but in general there was an upward trend.

The minimum monthly average (109 cm) in lake turbidity occurred in
November 1978 and was followed by a noticeable increase in December.
The major factors that seem to influence lake turbidity are direction

and strength of wind. Winter-spring maximum turbidity .oincides with

stronger winds during those periods.
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11. Lake Pontchartrain Fishes

A. Composition, bistribution, and Abundance

A total of 83,709 individuals (62,611 lake specimens, 21,098 marsh
specimens) comprising 85 species and 39 families was collected in 1978
(Tables 7-9). Table 10 lists those species previously reported from the
lake but not collected in the present study. The additional 32 species
give a theoretical total of 117 species from 51 families constituting
the lLake Pontchartrain (including marsh) fish fauna.

Table 11 lists the most abundant species collected each month and

presents a total summary for the year. Anchoa mitchilli was the most

abundant species taken in lLake Pontchartrain, with 22,067 specimens
collected in 1978. Due to its importance in Lake Pontchartrain, Anchoa
mitchilli 's discussed in greater detail in a separate report (Verret,

Chapter 13). Micropogonias undulatus, Brevoortia patronus, Menidia

beryliina, Syngnathus scovelli, and Arius felis were other species taken

verv abundantly (*103) in the lake during 1978. The present survey
found the top 10 species comprised 60.57 of the individuals.

The monthly distribution of the 20 most abundant species ol the
like and marsh are shown in Figures A16-A35 (See Appendix 1). None of
the species found in the lake Pontchartrain estuary can be considerced a
vear-round ubiquitous (found In all habitats) species; however, 27
species (367) were taken during all four seasons (Table 12). Table 13
classifies the 20 most abundant species by their primary and secondary
habitats. Major changes in both distribution and abundance in Lake
Pontchartrain result from recruitment of voung (and sometimes spawning

adults) into the lake. Dominant species that have this pattern are:
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Anchoa mitchilli, Micropogonias undulatus, Brevoortia patronus, Leiostomus
xanthurus, Arius felis, Mugil cephalus, Cynoscion arenarius, and Cynoscion
nebulosus.
nebulosus - .

For some species, the juveniles move into the lake to occupy a
different habitat than the adults. Two important species that change
habitat with age are Brevoortia patronus and Cynoscion nebulosus. The .
young Brevoortia move into the lake during April and May in large schools
and are very abundant (>103) in the inshore beach areas of the lake and
the marsh canals. They grow quickly, and by June they have moved from i °:
this inshore habitat to open waters of the lake. Young-of-the-year }
Cynoscion nebulosus move into the lake between June and September and i
are found exclusively in the grassbeds along the shores of the lake. .-
They do not occupy these same grassbeds in the nearby marsh. They 1
inhabit these beds throughout summer and fall and move into the more
open parts of the lake. Whether they overwinter in the lake or migrate ’ o
into higher salinity waters cannot be determined from our present survey ]
information.

Table 14 gives the numbers of species (S) collected by trawl. ’ .
Trawl collections are probably reasonably consistent in terms of efforts '
and show moderate uniformity in this component of the fish community. ]
Coefficient of variation (CV) for the 12 stations (in a given month) are \ o i
the lowest found for biological parameters measured in the present study
(see Tables 18 and 19 for comparison). Table 15 presents an index of
occurrence for the 20 most abundant species in the Lake Pontchartrain , .ﬁ
estuary. As the various species move into and out of the area, they are T
caugpht with greater or lesser frequency. Anchoa mitchilli, Micropogonias

’ |
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undulatus, and Brevoortia patronus, at the peak of their abundance, were

captured at all or nearly all of the sampling stations. Two species,

l.eiostomus xanthurus and Arius felis, seem to be totally absent from the

lake for three to five of the colder months before they move into the
lake and become quite common (>102).

Table 16 presents monthly catch results for lLake Pontchartrain for
1978. Different sampling methods operate on entirely dissimilar col-
lecting principles and thus are listed separately in monthly totals.
Figures 4-7 show catch-effort (CE) values for bhoth total numbers and
species (S) for the different gear types. For most of the stations
there are irregular patterns, and maximum CE values do not correspond
with maximum S figures. The maximum number of species collected by
seine was 24 (Sta. 4, July; Sta. 6, November); by trawl, 10 (Sta. 4,
September); by stationary net, 12 (Sta. 4, April). The maximum CE value
(fish/hr) for seining was 4700 (Sta. 10, April); for trawling, 2100
(Sta. 9, September); and for stationary net, 25 (Sta. 4, April).

Table 17 presents similar but more irregular patterns for the marsh
area. As discussed previously, the water level in the marsh fluctuates
sreatly with wind and tidal influences. These changes in level probably
lead to widely varying CE results because the flooded marsh permits
fishes to disperse to where they are nearly inaccessible. The maximum
number of species for the four marsh stations was 16 (Oct.), 14 (Dec.),
8 (Jan. and April), and 8 (Feb.) by trawl; 13 (Dec.), 14 (June), 7
(March), and 13 (Oct. and Nov.) by seine. The electroshocker proved
very effective in the marsh and produced an average of 13 species in 6

samples.
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Figure 8 shows a comparison of mean monthly CE for the lake and

surrounding marsh area.

2
Table 18 and Figure 9 presents population estimates (fish/m”) for

demersal fish from the 12 trawling stations. Values ranged from 0 (Sta.

11, June) to .093 (Sta. 9, Sept.). The highest monthly average (.036)
occurred in July, and Station 9 had the greatest yearly average (.029).
The southwest region of the lake (Sta. 9, 10, and 11) had the highest
vearly averages. Station 8 (near the THNC) had the lowest yearly
average. January had the lowest average; February through April values
were also low. The high Coefficient of Variation (CV) values probably
reflect the overall "non-homogeneous' nature of many fish populations.
Table 19 presents biomass estimates (gm/mz) for the demersal fish
similar to that in Table 18. Again, non-homogeneous distributions
result in irregular biomass patterns and very high Coefficient of
Variations ranging from 76.7 to 246.2 among stations on a monthly basis
and 96.0 to 234.8 for given stations throughout the year. Non-normal
distributions, skewed or bimodal, result in means 2 to 10 times larger
than the median values. During December, the collection of 90 large

Tctalurus furcatus at Stations 1, 2, and 11 resulted in biomass values

considerably larger than normally found in the lake.

July and August had the highest median biomass values. On a yearly

basis the station rank (by median) was as follows: 5, 9, 7, 11, 4, 6,

8, 2, 3, 10, 12, and 1. The pattern seems quite irregular, and no

region of the lake was consistently high or low in biomass as determined

from the trawling data.
[n an attempt to compare biomass values from trawling with an

entirelv different type of gear, limited collecting during July and
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August was done with a drop net (36 m2). Biomass values ranged from .99

to 2.66 gm/mz. These are higher than the corresponding monthly trawl

values but over all are within the range obtained by trawling.

B. Seasonality

Probably the most important factors in the overall biology of the
lake fishes are the cyclic changes in salinity, water temperature,
turbidity, and submerged vegetation associated with the change in
seasons. Although there may be years that have abnormal seasons, 1978

was divided into typical seasons: winter-December, January, February;

spri- g — March, April, May; summer - June, July, August; fall - September,

October, and November. Physically, each season can be characterized as
follows:

1) Winter - low salinity, iow water temperature, high turbidity,
low or absent submerged plant growth, high winds, and high
waves,

2) Spring - increases in salinity and water temperature,
decreasing turbidity, onset of renewed plant growth,
relatively decreased winds and waves.

3) Summer - increased salinity, maximum water temperature,
continued decrease in turbidity, maximum submerged
plant growth, low winds, and calm waters.

4) Fall - maximum salinity, decreased water temperatures,
minimum turbidity, reduction or slowdown in plant
prowth, increase in winds and waves.

In addition, the overall photoperiod follows the same pattern as

witler temperatures,
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These physical characteristics influence activities of the
fishes. Table 20 presents salinity ranges for the most abundant fishes
in the lake. Overall, as salinity of the lake increases, the maximum
tolerance also increases since so that the maximum of many species is
the maximum found in the lake. However, many species of fishes in Lake
Pontchartrain do have tolerances greater than that found in the lake.
Table 21 provides a provisional salinity classification that can present
guidelines for the influence of salinity on the fish fauna of the lake.
Overall the influence of salinity on fishes is more complex than the
usual categories of "freshwater, estuarine, or marine." These groups
grade from one to another.

Table 22 shows similar tolerance ranges for water temperature of
the most abundant fishes in the lake. Overall, the average water tempera-
ture ranges of most of the species are near the yearly average of the

lake, Certain species prefer colder water (Ictalurus furcatus and Mugil

cephalus), and the yearly means are lower. Species such as Leiostomus

xanthurus and Aruis felis do not enter the lake until it has warmed, and

their yearly mean temperature is noticeably higher.

Table 23 presents turbidity ranges of the most abundant fish species.
Most of those specles that are found in the lake year round tolerate the
high winter turbidities. As Darnell (1962a) pointed out, the fauna of
l.ake Pontchartrain has had a long geologic period of evolutionary
adjustment to become acclimated to naturally turbid lake waters. Those
species that are absent from the lake during the colder months (as
previously discussed) are not found in the most turbid waters. Species

such as Syngnathus scovelli that are found nearly exclusively in the

grassbeds are also found in lower turbidity.
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Figures 10 and 11 show the seasonal trends in the number of species
(S) and specimens (N) in both the lake and marsh. The species number (S)
trend follows closely that of the overall lake salinity, with the
maximum number (Table 7) being found in November.

The seasonal trend in number of specimens (N) increases dramat-
ically in the spring, reaches a peak in July, and gradually decreases in
late summer and fall. This increase can be attributed to heavy recruit-
ment in most of the dominant species, as discussed previously. Seasonal
patterns of catch effort (CE) (Fig. 8) demonstrate the movements of
certain speciles as they move into the lake during spring. The tremendous
peak in CE for lake selning in April is due almost entirely to vast

schools of Brevoortia patronus that have recently moved through the

passes into the lake. As the CE values for seining fall off, the trawl
values increase and reflect the addition of large numbers of Anchoa

mitchilli, Micropogonias undulaEus, Leiostomus xanthurus, Arius felis,

and Cynoscion arenarius into open waters of the lake.

The trend for the number of species (S) is not as dramatic as that
of N and generally rises slowly throughout the year and reaches a
maximum in November.

Table 12 shows seasonal faunal similarities of the lake and marsh.
The highest similarity percentage is found in the groups that occupy the
lake during the summer and fall (637%). These two seasons also have the
largest number of species (17) found in the lake only during the period.
This component is a warm water, marine group that leaves the lake quickly

when temperatures and salinity drop. Other major scasonal patterns are

(Table 24: "summer only" - 6, "fall only" - 7, "winter-spring only" -
, and "winter-spring-summer" - 4). Of the 15 potential seasonal
734
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combination patterns, the only group missing from the lake were "winter
)
s only" species. This is not surprising since cold water species move in
-
k( during late fall and continue through spring.

Fipure 12 shows that two groups of fish that become more abundant

in summer and fall with increased lake salinities are marine (group D)

and freshwater species that possess higher salinity tolerences (group
B2). Marine species comprise a group that dominates the lake community,
and the seasonal population changes of these fishes are responsible for
major increases and decreases in relative fish abundance.

Tables 24 and 25 list abundance patterns of the lake and marsh fish
by season and give the dominant season (by percent and number) of each

species. Three species, Menidia beryllina, Archosargus probatocephalus,

and Pogonias cromis, are found in relatively equal abundance in all four

seasons. Three primary marsh residents also had no particular dominant

season. These were Poecilia latipinna, Lepomis microlophus, and L.

punctatus.

C. Lake-Marsh Interrelationship

Much of Lake Pontchartrain is surrounded by marsh. Chabreck et al.
(1968) listed three major types immediately adjacent to the lake:

fresh, intermediate, and brackish marshes. Four nekton stations (Fig. 1)

were set up in different areas of the marsh to obtain information on
the possible interplay between the lake and its adjoining marsh.

Stations 15 and 16, to the west and north of the lake, were set up in

fresh marsh (Table 1). Station 14, in the St. Charles marsh area near

the southwest corner of the lake, was intermediate in salinity (yearly X =

1.7°/,0,) between Stations 15 and 16 and was the most saline station in
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the Chef Menteur Pans marsh. Station 13 had a yearly average ol 4.2 7/q,,
nearly equal to the highest lake station (Sta. 7, X = 4.3°/,,) nearby at
the mouth of Chef Menteur Pass.

Water temperatures for the four marsh stations (Table 4) were very
similar, with Station 16 averaging slightly cooler from the influence of
the flowing Bayou LaCombe water.

Marsh turbidity (Table 6) varied greatly from station to station
and month to month. Tides and wind changed marsh levels up to .6 m at
times and were a major influence on turbidity. Station 14 was the most
turbid, averaging only 28 cm. Station 15 averaged 39 cm and Station 13,
46 cm. Station 16, again probably due to influence of the flowing Bayou
LaCombe waters, was the clearest station and averaged 56 cm.

Table 7 lists the number of specimens and species collected each
month from the marsh stations. The four stations produced a monthly
average of 29 species and a total of 58 for the year. The maximum was
36 (October) and the minimum was 21 (May). Table 9 lists the individual
species and the numbers collected each month in the marsh. Ten species
were collected only in the marsh during the study. These were Amia

calva, Cyvprinus carpio, Ictalurus natalis, Fundulus jenkinsi, Labidesthes

sfcculus, Morone chrysops, Centrarchus macropterus, l.epomis megalotis,

Pomoxis nigromaculatus, and Microgobius thalassinus. This group has

hoth freshwater and euryhaline affintities (Table 21).

Iable 26 presents a comparison of the fish fauna of the lake and
surroundiog marsh. Using a criterion of 66-677 (2/3 of the total
specimens collected?) occeuarrence, the 85 species can be grouped as 55

ke species, 22 marsh species, and 8 that have affinities with both
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areas. Of the 55 lake species, 27 were collected only in the lake
{(species with * in Table 8), and 10 (previously listed) of the 22
species were collected only in the marsh. The 8 species collected
roughly in equal abundance in both areas were: Lepisosteus spatula,

Elops saurus, Ictalurus furcatus, Cyprinodon variegatus, Fundulus

chrysotus, Fundulus grandis, Morone mississippiensis, and Micropterus

salmoides.

Table 13 shows that for the 20 most abundant species in the estuary,
8 are primary marsh dwellers. These were (in crder of their abundance):

Cyprinodon variegatus, Lucania parva, Poecilia latipinna, Gambusia

affinis, Lepomis punctatus, Lepomis macrochirus, Lepomis microlophus,

and Heterandria formosa. In addition, several of the most important

species such as Anchoa mitchilli, Brevoortia patronus, and Menidia

beryllina make some use of the marsh during phases of their life cycle
(secondary habitat).

The seasonal faunal similarity patterns (Table 12) in the marsh are
very much like these of the lake. Twenty-six species are found in the
marsh during all four seasons, compared with 27 for the lake; many of
these specles are the same in both the :.arsh and the lake (Tables 24 and

25).

D. Community Diversity

The concept of diversity based on ldeas derived from information
theory has proved most valuable in assessing biological communities.
Recent reviews and discussion on theory and application to ecology have
been given by Pielou (1975), Hutchinson (1978), and Krebs (1978) among

others.
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Margalef (1968), McFrlean and Mihursky (1969), Dahlberg and Odum
(1970), Bechtel and Copeland (1970), McErlean et al. (1973), Haedrich
and Haedrich (1974), Haedrich (1975), Moore (1978), and others have
shown the usefulness of applying these concepts to the study of fish
communities.

In this study, four diversity 1indices were calculated. The Shannon-

Weaver (Shannon and Weaver 1949) function is:
H= -3 Pi log2 Pi (1)

where Pi is the proportion of individuals of the i-th species. This
formula has been used widely in ecology as a species diversity index as
discussed by Margalef (1957), Pielou (1975), and others. This index is
sensitive to both the number of species and the proportional makeup of
each species.

The "species richness' component of diversity was calculated by:
D = (S-l)/log2 N (2)

where S 1s number of species and N is number of individuals of each
species.

Relative species abundance was measured by two indices. Lloyd and
Ghelardi (1964) calculated a table for finding a theoretical nunber of
species in a given environment based on the concepts of MacArthur

(1957). This function of "equitability” is:
F=5"/s (3)

where S 1s the number of species and S' is the theoretical number

Alenlated from Llovd and Chelardi's (1964) table.
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Pielou's (1966, 1975) "evenness" index was also used:
J = H/log2 S (4)

where H 1s the calculated diversity index from function (1), and the
denominator is the log of the number of species. Functions (3) and (4)
measure the same trends in the community, but (4) will be higher
than (3), as discussed by Lloyd and Ghelardi (1964), because an environ-~
ment in reality never has all its species uniformly proportioned or
distributed.

All calculations of these functions in this report are based on
1og2 units. For comparison with other studies for values using natural

logs (loge), conversion is:
log X = .6931 (log, X) (5)

Table 27 and ¥igures 13-15 present monthly values of four diversity
functions for the fish community in Lake Pontchartrain and surrounding
marsh area.

Table 28 shows these same four functions with samples grouped by
seasons instead of monthly.

The overall yearly diversity (H) pattern (Figure 13) for the marsh
and lake were similar except for a higher early spring peak in the marsh
and a late fall maximum. There was a decline in the lake from January
to May followed by peaks in June and August. Diversity decreased to
November, then increased sharply in December. The seasonality of H is
well developed (Table 28) in the lake but fairly uniform in the marsh.

The highest values occurred in the winter and summer and the lowest
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during spring and fall. This agrees with the concept that spring and
fall are periods of the greatest change in an estuary whereas summer and
winter are seasons of more stability.

The species richness index (D) is sensitive to the movement of
species into or out of the total community. Tt should show trends of
migritions into the lake through the passes. The D values were low in
the lake from January to May but increased sharply in June and eventually
reached a maximum in November. There was a decrease in December that
nearly returned to the low values of the previous January. This pattern
reflects a trend of the total number of species (S) in the lake (Figure
10). The seasonality of D is also well developed (Table 28) in both the
lake and marsh, with the lake values being higher throughout. Values
decrcased from winter to spring and then increased in summer. 1In the
lake there was an additional sharp increase in fall, but in the marsh,
the fall value was lower.

The trends in both equitability (E) and evenness (J) are similar, so
only the equitability component will be discussed for reasons given by
ILlovd and Ghelardi (1964). The measurement of this component of diversity
permits an evaluation of the loss or gain of migratory species at dif-
ferent seasons that results in "seasonally compensating' (Dahlberg and
Odum 1970) values of H. Equitability relates diversity of the community
to its potential maximum. The values for E in the lake decreased from
January to Mayv. Following an increase in June, there was a gradual

Jecrease to a yearlv low in November with a dramatic increase in December.

The equitability pattern for Lake Pontchartrain in 1978 was similar to

that tor diversity (H) and roughly the inverse of the species richness

compenet b (D). Shis pattern is penerally the resalt of the influx of
At
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Anchoa mitchilli, Micropogonias undulatus, Brevoortia patronus, Leiostomus

xanthurus, Arius felis, and Cynoscion arenarius that made up nearly 757

of the lake fish fauna by numbers (Table 11). 1In addition, there were
numerous rare migrants that moved into the lake with the increase in
salinity that pushed the E values in November quite low. By late fall,
there were a few dominant species and many rare species occupying the
lake.

The equitability pattern of the marsh is quite irregular and more
di1fficult to explain. The marsh values of E fluctuated widely from
month to month. There were noticeably higher peaks in March and October.
Possibly the main factor in the marsh affecting its equitability is the
drastic changes in water level that are influenced by tides and strong
winds. High water levels would permit some of the more common species
to disperse out into the marsh flats, thereby making the community
abundance more "even.'" Lowered water levels would force all the fish
into the smaller tidal ditches, which would create tremendous concentra-
tions of the common species and would lower E values. The importance of
the changing water levels in the marshes to the health of these fish
populations needs to be investigated in more detail than was possible

during this study.

ITT. Invertebrates
Data on invertebrates are very inconclusive and potentially mis-

leading. Adult brown shrimp, Penaeus aztecus, were taken in small

numbers (56) between May and August. They were collected irregularly at
most of the lake trawl stations. A few night seining collections were

made at Goose Point (Sta. 4) and The Rigolets (Sta. 6) that contained
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juvenile brown shrimp and point to the potential importance of submerged
grass beds as a nursery arvea for this species. Tarver and Savoie (1976)
noted that juvenile brown shrimp ''only frequented the shallow water ncar

', and Gunter (1961) noted the early portion of its life cvele

the shore'
in low salinity inland waters. Tarver and Savoie (1976) discussed the
potential importance of allowing the existing shallow-water sloping

shoreline areas to remain unaltered for completion of the brown shrimp

life cycle.

Adult white shrimp, Penaeus setiferus, were trawled in small

quantities (42) between July and Secptember. They were found more often

in the eastern parts of the lake (Sta. 5-7) but were too rare to predict
this as a normal pattern. One exception to this pattern was collection

of 13 juvenile and adult white shrimp trawled from the St. Charles marsh
(Sta. 14) in September.

The small numbers of penaeid shrimp taken in the present survey
cuntrast sharply with previous surveys in Lake Pontchartrain (Suttkus et
al. 1953a-c, 1954 a-f, 1955 a-b; Tarver and Savoie 1976). Catch effort
values for 1978 were so small as to be meaningless, beéause the total
for both species together was 98 adults for 34 hours (C/E = 2.9) of
trawling in the lake and marsh between May and September. Suttkus et

alb. (1954h) showed annual figures of 6458 for Penaeus aztecus and 5527

tor P. setiferus. Tarver and Savoie (1976) collected 683 P. aztecus but
only 23 P. setiferus. Tor comparison, Suttkus et al. (1954d) had
catch/effort figures averaging 166 brown shrimp/hour from May to August
and 182 white shrimp/hour from Julv to September. Their catches of both

specics ol shrimp extended for longer periods of time in the lake with
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small numbers being caught into November. Realistic figures on the
penaeid shrimp population in Lake Pontchartrain would require additional
study in cooperation with both commercial and private sportsman to
evaluate more accurate distributions and population densities. Further-
more, detailed studies would provide data on whether the populations of
shrimp in Lake Pontchartrain are deteriorating and should give insight
on halting any decline.

Our findings on blue crabs in Lake Pontchartrain are better than
the data on shrimp but still might greatly underestimate the population
because trawling is an inefficient gear for crabs. The blue crab
population in Lake Pontchartrain is made up of a single species,

Callinectes sapidus. There was no evidence of the presence of the

lesser blue crab Callinectes similis in the lake although this species

is present in Breton Sound (Williams 1974).

Blue crabs occurred in the lake year-round but were most abundant
during the warmer months of summer and early fall. Adults and larger
juveniles were more common in the open water collections (primarily
trawls); smaller individuals were found inshore, particularly in
the grassbeds., Similar to our findings on the penaeid shrimp, the few
night seining collections showed the grassbeds to be potentially
important nursery areas in the lake for the blue crab.

Darnell (1959) discussed the 1ife history pattern of the blue crab
in Lake Pontchartrain, and our data essentially agree with his findings.

He postulated that mating takes place in the lake and is followed by

migration of the mated females into higher saline waters. Paired crabs
were occasionally taken in gill nets at Stations 4, b, and 8 during
743
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August and September. Observations made in the IHNC showed that blue
crabs moving on an ebbing tide during August, Scptember, and October
were virtually all females.

Movement of the megalops larvae and the young transformed crabs

into the lake is discussed in Chapter 15.

DISCUSSION

The present species total (85) compares well with those listed
earlier for previous studies on the fishes of the lake. The differences
between the present study and those of Tarver and Savoie (1976) and
Suttkus et al. (1954d) seem, for the most part, to be attributable to
the randomness of collecting certain relatively rare species. Our
knowledge of the total membership of the Lake Pontchartrain fish community
is probably incomplete, and there are most likely several additional
freshwater and marine species that could be random visitors to the lake.

The order of abundance (Table 1il) for the present study also agrees
with these previous studies. The most abundant fish in Lake Pontchar-
train during the survey by Tarver and Savoie (1976) and the second most

abundant species taken by Suttkus et al. (1954d) was Anchoa mitchilli.

Suttkus et al. (1954d) found Micropogonlias undulatus and Brevoortia

patromis to be the first and third most abundant species, respectively.
Menidia beryllina was not as abundant as found in other surveys.

Tarver and Savoie (1976) found the same four species as the present

study to be the dominant lake members. Thus, there seems to be excellent
agreement as to the most abundant fish species in lLake Pontchartrain.

The abundance rank (relative to vther members of the community) for the

top 10 or 20 specics probably changes somewhat (possibly due to successful
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spawning classes), but overall there seems to be moderate agreement on
the dominant community members between 1953 and 1978 in Lake Pontchar-
train. Roughly 10 species (or fewer) make up over 90% of ~he fish
population in the lake. This seems to be a general pattern found for
most estuaries studied on the Atlantic and Gulf Coasts of the United
States.

In comparison, however, with the Atlantic and Gulf of Mexico, Lake
Pontchartrain has a somewhat anomalous fish community. This may be
caused by interplay among the lake's following physical and chemical
characteristics:

1) large size (1632 sq km)

2) shallow depth (5 m or less)

3) uniform bottom topography

4) lack of deep channels

5) relatively low salinity

6) low tidal ranges

7) restricted access to Gulf of Mexico

The fish community of Lake Pontchartrain is a transient one. Tyler
(1971) found four groups of species in a study of a New Brunswick bay.
He divided these into periodic and resident components of the community
with an additional group he termed "occasional'. He postulated that
with increased annual temperature fluctuations, an estuary would have
proportionately more periodic species and fewer resident members. The
l.ake Pontchartrain fish community is dominated by temporary species that
move into the lake for periods of one to several months and then emigrate

from the lake. This produces a multitude of different periodic groups
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of species. There are periodic species that live in the lake for the
entire year but have certain proportions of their members entering
and/or leaving the lake. They are probably best thought of as "long-

term periodic" species or "semiresident." Anchoa mitchilli, Micropogonias

undulatus, and Brevoortia patronus all are examples of "long-term periodic"

species that dominate the lake fish fauna (Suttkus 1954, 1956).

Sykes and Finucane (1965) found that Tampa Bay (like Lake Pontchar-
train) played an important role as nursery grounds for many Gulf of
Mexico fishes. They found 20 commercially important species of fishes
that utilized the bay in some portion of their life cycle. During 1978,
47 species of fishes (many of them also of commercial significance) were
taken in Lake Pontchartrain as young or immature. In addition, 36
species of young or immature fishes were taken in the surrounding marsh
area. In Lake Pontchartrain many of these nursery species are found in
the submerged grassbeds (Sta. 4, 5, and 17 - Fig. 1; Montz 1978). The
concept of the estuary as an important nursery area has been noted in
many studies (Haedrich and Hall 1976). Gunter (1938) showed that for
many of the marine fishes along the Louisiana coast, the early part of
their life cycle was estuary dependent. He noted "It is quite evident
that the bay waters act as nursery grounds for many species studied
here. The smaller fishes were practically always found inside while
larger individuals were taken in the gulf.” During 1978, nine species
of marine fish (Table 21, group D) were present in the lake only as
voung or small juveniles on a transient basis.

The freshwater component of Lake Pontchartrain is also largely

seasonal. Ictalurus furcatus is more abundant during colder, less
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saline periods and moves into l.ake Maurepas and the tributary rivers
with the higher salinity and increasing temperatures of late spring and
summer.
Haedrich (1975) and Haedrich and Hall (1976) argued that seasonal
change in local fish communities is greatest in the healthiest temperate
estuaries. This presumably allows the maximum possible number of fish
species to utilize the resources of the estuary. Haedrich and Hall
(1976) presented comparative data that illustrated seasonal percentage
similarity being lowest (marked seasonal change) in an unpolluted r
community and highest (little seasonal change) in polluted areas.
Polluted estuaries seem to have very static fish communities.
The Lake Pontchartrain fish community is marked by strong seasonal r
change. Seasonal similarity patterns (both number of species [S] and
percent, based only on a "presence-absence'" comparison) are given in
Table 12. For contiguous seasons, the lake proper has values of 44% )
(winter-spring), 53% (spring-summer), and 637 (summer-fall); the respective
marsh values are 48%, 52%, and 60%. These are lower than the "polluted
area" figures and in the same range as "healthy areas' given in Haedrich ’
(1975) and Haedrich and Hall {1976) although the overlap measurements
are slightly different. Relative seasonal abundance presented in Tables
24 (lake) and 25 (marsh) also support the relatively low overall seasonal ’
overlap. Very few species have three or four dominant seasons. Comparing
diversity parameters on a seasonal basis (Table 28), there is significant
(.057 level) difference between winter-spring, winter-summer, and winter- ’
fall in the lake and between winter-summer and spring-summer in the marsh

that also supports the contention of marked seasonal differences. The
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temporary nature of the fish fauna of lLake Pontchartrain shows that
there is dependence on Lake Maurepas, lLake Borgne, and other surrounding
bodies of water for the completion of many life cycles.

The community structure of Lake Pontchartrain is probably kept
stable by balanced interactions between the environment and the biota.
This is a well-known principle in basic ecology. If stress is introduced
by climatic flunctuations, external conditions, or influences by man,
the organization and diversification processes will be altered. Competi-
tion probably increases, and species diversity may decline. Copeland
(1970) noted that '"diversity is therefore useful as an index of the
amount of stress, whether natural, induced by pollution, or from other
influences". Odum (1970) stressed that many estuarine residents are
"living near the limit of their tolerance range" and thus are easy
victims of environmental alteration. He listed five reasons why estuarine
communities are particularly susceptiblg.to deterioration from man's
activities. These were:

1) nutrient trap effect

2) unique structure of estuarine food webs

3) harsh nature of physical conditions

4) sedimentary control of estuarine waters

5) key role of freshwater inflow

Copeland and Bechtel (1971), Bechtel and Copeland (1970), and
Haedrich (1975) found a close correlation between species diversity and
pollution levels in their long-term studies of Galveston Bay and
Massachusetts estuaries. Haedrich (1975) presented annual diversity (H)

values for nine estuaries in Massachusetts and ranked values according
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to pollution levels. Annual diversity (loge) ranged from 0.40 to 2.40.
The lowest figures generally were found in those estuaries where pollution
levels were highest.

Table 29 presents comparative diversity (H) values (corrected to
loge where necessary) for selected estuarine areas on the Atlantic and
Gulf Coast of the United States. Although the total range is 0 (Subrahmanyam
and Drake 1975) to 3.58 (Moore 1978) most of the values range between 1
and 3. Most mean annual values presented seem to fall between 1 and
2.5. 1Ic¢ should be cautioned that for—-comparison, all values should be
corrected to a uniform log base (see Table 27 for comparative base
values for Lake Pontchartrain). Studies of fishes from other areas of
the world seem to be in the same range; for example, for Spanish Medi-
terranean coast: 1.0-2.4 (Margalef 1968), for Los Angeles Harbor:
.65-2.08 (Stephens et al. 1974), for Colorado Lagoon, CA: .03-1.11
(Allen and Horn 1975), for Lower Medway Estuary, England: .25-1.89 (van
den Broek 1979), and for Terminos Lagoon, Mexico: .53-2.5 (Yarez-
Arancibia et al. unpubl. M.S.). Haedrich and Haedrich (1974) noted low
diversity values for the fish community in the Mystic River, which is
heavily polluted in downtown Boston. McErlean et al. (1973) noticed a
disturbing downward trend in the components of diversity studied in the
Patuxent estuary in Maryland. They noted that ''should these trends
continue, structural complexity of an already simple system will be

' Diversity

reduced . . . and may become subject to crashes and booms.'
(H) decreased during their five year study and, as they pointed out,
"may be a harbinger" of the loss of an important function of the river,

that of "nursery area" for juvenile fishes. For Lake Pontchartrain, at

the present time, there are no data on the trends in community structure.
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Should the lake no longer act as a nursery, therc could be great reper-
cussions throughout the entire southeast Louisiana estuarine system if
these specles do depend on Laké Pontchartraln as their primary nursery
because as Haedrich and Hall (1976) noted, most fish that spend their

juvenile periods in estuaries do not stay there as adults.

SUMMARY
The nekton of lLake Pontchartrain was studied for 12 months in 1978,
and basic information was obtained on the fish fauna. Eighty-five
species and over 80,000 specimens were collected from 17 stations in the
lake and surrounding marsh. The fauna is dominated by four species,

Anchoa mitchilli, Micropogonias undulatus, Brevoortia patronus, and

Menidia beryllina, that make up roughly 807% of fish population. Fifty-

five species were classified as lake species; 22, as marsh species; and
8 had affinities in both areas. The fish fauna of Lake Pontchartrain
was considered very transient; 27 species were found in the lake and 26
species were found in the marsh during all four seasons.

Four components of community diversity were studied monthly and
seasonally using information theory indices. These components provide
numerical evaluation of the fish populations and a basis tor comparison
for detection of potential future alterations in the lake. We strongly
recommend that future comparisons of the lake fish fauna take into
account the strong seasonal nature of the fish fauna because this may
provide a means of monitoring environmental stress on the estuary. At
the present time, the overall fish community seems to be moderately

healthy,
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Table 2. Classification of Lake Pontchartrain Nekton Stations by

Salinity* ]
SALINITY SALINITY . ]
STATTON RANGE (°/,,) ZONE, 1
e e e e e e e e et o+ et o oo ke e e o e~ e+ e . ;
LAKE 4
- ».».-1
1 0-2.0 limnetic, beta-oligohaline - 4
2 0 - 1.4 limnetic, beta-oligohaline :
3 0-2.0 limnetic, beta-oligohaline
4 0 - 3.8 limnetic, alpha & beta-oligohaline
5 1.8 - 5.1 alpha & beta-oligohaline, beta-mesohaliunc
6 1.9 - 8.5 alpha & beta~oligohaline, beta-mesohaline -
7 1.8 -~ 6.8 alpha & beta-oligohaline, beta-mesohaline
8 0.5 - 5.5 alpha & beta-oligohaline, beta-mesohaline
9 0.5 - 3.9 alpha & beta-oligohaline
10 0- 3.0 limnetic, beta-oligohaline
11 0.5 - 2.8 beta-oligohaline
12 1.8 - 4.5 alpha & beta-oligohaline .
17 3.1 - 4.8 alpha-oligohaline
MARSH
13 1.0 - 6.7 alpha & beta-oligohaline, beta-mesohaline
14 0 - 3.0 limnetic, beta-oligohaline "
15 0 - 1.6 limnetic, beta-oligohaline -
16 0-2.8 limnetic, beta-oligohaline

Yearly averages

Lake
limnetic (0-0.5): none

beta-oligohaline (0.5-3.0): Sta. 1-4, 9-12 (8 stations)
alpha-oligohaline (3.0-5.0): Sta. 5-8, 17 (5 stations)

Marsh )
limmetic: none -
beta~oligohaline: 14-16 (3 stations)

alpha-oligohaline: 13 (1 station)

*Classification based on 1958 "Symposium on the Classification of ’
Prackish Waters-Venice System" (Remane and Schlieper 1971).
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Table 10. List of Fishes Reported or Collected from the Lake
Pontchartrain Basin by Other Sources and Not Collected
in the Present Study

] Family and Species Source e

Freshwater Component

‘ Cyprinidae
2 1. VNotropis venustus - Blacktail S-aner Suttkus et al. (1954e)

2. Opsopoeodus emiliae - Pugnose Minnow Preliminary survey1
Catostomidae
3. 1Ictiobus niger - Black Buffalo Tarver and Savoie (1976)

1

F‘ Ictaluridae

1 4. Ictalurus melas -~ Black Bullhead Suttkus et al. (1954d)

- Aphredoderidae

L 5. Aphredoderus sayanus -~ Pirate Perch Tarver and Savoie (1976)

®

} Centrarchidae
6. Elassoma zonatum - Pigmy Sunfish Preliminary survey

Marine Component

Elopidae Duffy (1975)
1. Megalops atlantica - Tarpon Davis (1978)
Suttkus et al. (1954d)
Ophichthidae
2. Myrophis punctatus - Speckled Worm Eel Suttkus et al. (1954d)
Tarver and Savoie (1976)
Pass study2
Clupeidae
3. Harengula jaguana - Scaled Sardine Suttkus et al. (1954d)
(as H. pensacolae)
Synodontidae
[ 4. Synodus foetens - Inshore Lizardfish Suttkus et al. (1954e)
: Tarver and Savoie (1976)
: Batrachoididae
@ 5. Porichthys porosissimus - Midshipman Suttkus et al. (1954f)
Gadidae
6. Urophycis floridanus - Southern Hake Suttkus et al. (1955a)
Fxocoetidae
L 7. Hyporhamphus unifasciatus - Halfbeak Suttkus et al. (1954¢)

necies collected 10/77 to 12/77 as part of the preliminary
irvey tor this lake study.

g

prrries collected in this project but only in the pass study.
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Table 10. (Continued)

v W ————

Family and Species

Source

Syngnathidae
8. Syngnathus floridae - Dusky Pipefish

Percichthyidae
9. Morone saxatilis - Striped Bass

Serranidae
10. Centropristis philadelphica - Rock Sea Bass

Echeneidae
11. Echeneis naucrates - Sharksucker

Carangidae

12. Chloroscombrus chrysurus - Atlantic Bumper
13. Hemicaranx amblyrhynchus - Bluntnose Jack
14. Vomer setapinnis - Atlantic Moonfish

Gerreidae
15. Eucinostomus argenteus - Spotfin Mojarra

Sciaenidae
16. Stellifer lanceolatus - Star Drum

Blenniidae
17. Hypsoblennius ionthas - Freckled Blenny

Gobiidae
18. Gobioides broussonneti ~ Violet Goby
19. Gobionellus hastatus - Sharptail Goby

Trichiuridae
20. Trichiurus lepturus - Atlantic Cutlassfish

Scombridae
21. Scomberomorus maculatus - Spanish Mackerel

Stromateidae
22. Peprilus alepidotus - Harvestfish
23. Peprilus burti - Gulf Butterfish

Bothidac
24. Ttropus crossotus - Fringed Flounder
25. Paralichthys albigutta - Gulf Flounder

Tarver and Savoie (1976)

Tarver and Savoie (1976)

Suttkus et al. (19541)

Suttkus et al. (1954d)

Suttkus et al. (1954c¢)
Suttkus et al. (1954e)
Davis et al. (1970)

Suttkus et al. (1954c)

Suttkus et al. (1954d)

Suttkus et al. (1954d)
Tarver and Savoie (1976)

Suttkus et al. (1955a)

Suttkus et al. (1954d)
Suttkus et al. (1954d)
Pass study

Suttkus et al. (1954d)
Davis et al. (1970)

Suttkus et al. (1954d)
Davis et al. (1970)

Suttkus et al. (1954¢)
Suttkus et al. (1955)

Suttkus et al. (1954¢)
Tarver and_Savoie (1976)
Pass study

1 ;
species collected 10/77 to 12/77 as part of the preliminary

survey for this lake study.
)

“species collected in this project but only in the pass study.
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Table 10. (Continued)

P g

A

1
e
A o aal

Family and Species

Source

Soleidae
26. Achirus lineatus - Lined

Sole

Suttkus et al. (1954d)
Tarver and Savoie (1976)

Preliminary surveyl

)
|
4 A ame oL aa

1species collected 10/77 to 12/77 as part of the preliminary

survey for this lake study.

2species collected in this project but only in the pass study.

atmiinndeiommdie
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Table 11. Most Abundant Species in lLake Pontchartrain, LA, for 1978

JANUARY

Species Number % ot Catch

1. Menidia beryllina 281 35.4

2. Anchoa mitchilli 125 15.8

3. Mugil cephalus 121 15.3

4. Micropogonias undulatus 79 10.0

5. Dorosoma cepedianum 27 3.4

633 79.9

FEBRUARY

Species Number 7. of Catch

1. Menidia beryllina 736 38.8

2. Anchoa mitchilli 525 27.6

3. Micropogonias undulatus 251 13.2

4. Brevoortia patronus 127 6.7

5. Ictalurus furcatus 47 2.5
1686 88.8

MARCH

Species Number % of Catch

1. Micropogonias undulatus 716 23.3

2. Brevoortia patronus 685 22.3

3. Anchoa mitchilli 684 22.2

4. Cyprinodon variegatus 284 9.2

5. Menidia beryllina 220 7.2
2589 84.2

APRTL

Species Number %# of Catch

L. Brevoortia patronus 3419 51.5

2. Anchoa mitchilli 1187 17.9

3. Micropogonias undulatus 757 11.4

4, Menidia beryllina 590 8.9

5. Leiostomus xanthurus 260 3.9
6213 93.6

785
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Table 11. (Continued)

.

MAY
Species

Brevoortia patronus
Anchoa mitchilli
Micropogonias undulatus
Menidia beryllina
Leiostomus xanthurus

K wN -

JUNE
Species

1. Anchoa mitchilli

2. Micropogonias undulatus
3. Menidia beryllina

4. Cyprinodon variegatus
5. Fundulus grandis

JULY
Species

. Micropogonias undulatus
Anchoa mitchilli
Menidia beryllina
Leiostomus xanthurus
Syngnathus scovelli

WS WwWN =

AUGUST
Species

1. Anchoa mitchilli
2. Micropogonias undulatus

Menidia beryllina
Cyprinodon variegatus
Syngnathus scovelli

e W
. e .

Number

3950
855
831
229
189

Number

2019
814
731
356
349

Number

3236
2519
854
296
246
7151

Number

3155
799
676
514
416

5560

7% of Catch

61.5
13.3
12.
3.
2

O O\ O

% of Catch

33.6
13.6
12,2
5.9
5.8

% of Catch

38.7
30.1
10.
3.
2

(Vo RV, I V)

8

wn

A

% of Catch

44.8
11.3

9
7.
5

O W

78.9

‘-.-.4




Table 11. (Continued)

SEPTEMBER
Species

. Anchoa mitchilli
. Micropogonias undulatus

. Menidia beryllina
Syngnathus scovelli
Arius felis

V& W N =

OCTOBER
Species

. Anchoa mitchilli
. Micropogonias undulatus

. Arius felis
Menidia beryllina

1
2
3. Syngnathus scovelli
4
5

NOVEMBER
Species

1. Anchoa mitchilli

2. Micropogonias undulatus
3. Menidia beryllina

4. Syngnathus scovelli

5. Gobiosoma bosci

DECEMBER

Species

1. Micropogonias undulatus
2. Anchoa mitchilli

3. Cyprinodon variegatus
4. Menidia beryllina

5. Poecilia latipinna

787

Number

2797
1821
674
413
215
5920

Number

3757
543
534
428
245

5507

Number

3909
793
577
350

76

5705

Number

7127
535
350
308
297
2217

% of Catch

42.1
27.4
10.1
6.2
3.2
89.0

7% of Catch

% of Catch

63.5
12.9
9.
5.
1

NN

9

(3%
~J

% of Catch

21.5
15.9
10.4
9.1
8.8
65.7

gy
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Table 11. (Continued)
————— ."
1978 Number % of Catch Cumulative 1
1. Anchoa mitchilli 22067 35.2
2. Micropogonias undulatus 11367 18.2
3. Brevoortia patronus 9076 14.5
4. Menidia beryllina 6121 9.8 M B
5. Syngnathus scovelli 2219 3.5 81.2
6. Cyprinodon variegatus 1644 2.6
7. Lejostomus xanthurus 1379 2.2
8. Arius felis 1109 1.8
9. Lucania parva 938 1.5 ]
10. Fundulus grandis 723 1.2 90.5 - = g
11. Mugil cephalus 688 1.1
12. Cynoscion arenarius 570 0.9
13. Poecilia latipinna 531 0.8 94.9
14. Gambusia affinis 520 0.8 ]
15. Gobiosoma bosci 470 0.8
16. Trinectes maculatus 357 0.6 g4
17. Cynoscion nebulosus 308 0.5 4
18. 1Ictalurus furcatus 270 0.4
19. Alosa chrysochloris 213 0.3
20. Membras martinica 195 0.3 97.0 -
1
- °
;
-
. .4
2
oy
o
@ L
f 4
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Table 12. Seasonal Faunal Similarity of Lake Pontchartrain, LA, and
Surrounding Marsh Fishes, 1978

LAKE
o Winter Spring Summer Fall
Winter 33 sp. - 44% 33 sp. - 44% 34 sp. - 45%
Spring 40 sp. - 53% 41 sp. - 557
Summer 47 sp. - 637
W/Sp/Su — 1 sp. - 1.3% — —— —
W/sp/Su/F - ~———mo——— 27 sp. — 367 — e s
Sp/Su/F +—————————-— 9 sp. - 127 ——— >
W/sp/F «~— 3 sp. - 47 ———
W/Su/F ——— +—— 3 gp. - 4% ——
MARSH

Winter Spring Summer Fall
Winter 28 sp. - 48% 29 sp. - 50% 28 sp. -~ 487%
Spring 30 sp. - 527 28 sp. - 48%
Summer 35 sp. - 60%
W/Sp/Su - 2 sp. - 3% —
W/Sp/Su/F  «- 26 sp. - 45% —
Sp/Su/F « 2 sp. - 3%
W/Sp/F 4--— — NONE —--——— > « —
W/Su/F e 4 me——— 2 sp. - 3% >

Note: winter
summer

Dec., Jan., and Feb.; spring = Mar., Apr., and May;
June, July, and Aug.; fall = Sept., Oct., and Nov.
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