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Figure 6.

49,

Aboveground primary production of mixed
vegetation dominated by bur marigold
{Bidens laevis.) All values are means

{g/m<) + 1 standard error of the mean.
Refer to Figure 2 for site locations.
(g/m? x 10-¢ = T/Ha)
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A linear increase in biomass was also measured in communities
dominated by swamp loosestrife (Figure 7 and Table 8 }. The
daily production rate was 16 g/m2 and a peak aboveground biomass

of 2104 g/m® was measured in September.

Catt;il and sweetflag dominated areas showed a diffgrent pattern
of aboveground production, In both community types, fhere.was
an initial spurt of growth followed by a slow net accumulation -
throughout the rgmainéer of the growing Season (Figures 8;9

and Table.: 8 }. In both cases, the initial aboveground
biomass was due primarily to those two species.. Daily above-
ground production rates in cattail communities varied between
16.9'and 27.2 g/m2 (Figure 8 ). By mid-June, the aboveground
standing crop was 9391528 g/m? and it did not change signifi;
cantly thxoqghout the remainder of the growiné season, This
pattem of growth corresponds to phehologicél characteristics
of cattail,  The initial burst of growth is followed by the
reproductive period which lasts for the remainder.of thé growing
season. Three different cattail standé were studied and there

were different species of cattail in each. Site 5B was domin-

ated by the broad leafed species (Typha latifolia}; while the

narrow leafed species (Typha angustifolia} grew at Site 3.

The hybrid between those two speéies {Typha glauca) grem at Site

48, The T. angustifolia site had consistantly greater biomass

than the other sites but there were no statistically significant

differences between the three areas,



Figure 7,
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Aboveground primary production of

a spiked loosestrife {Lythrum

salicaria) dominated area at Site

4A. A1l values are means (g/m2) +

1 standard error of the mean. Refer

to Figure 2 for site location. |
(g/m? x 1072 = T/Ha)
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Figure §.

54,

Aboveground primary production of
cattail (Typha sp.) dominatéd areas.
All values are means (g/m?) + 1
standard error of the mean. Refer to
Figure 2 for site locations.

(g/m2 x 102 = T/Ha)
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Figure.9.
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Aboveground primary production of
sweet flag (Acorus calamus) dominated
marsh sites. All values are means
(g/mz) of triplicate samples. ' Table
4 lists the same data and also the -
standard errors. Refer to Figure 2
for site locations. T :
(g/mz x 1072 = T/Ha)
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High marsh areas dominated by sweet flag showed a pattern of
hiomass accumulation similar to cattail. Like arrow arum,
however, sweet flag leaves went through dieback in,mid»summer,

Sweet flag is one of the first species-tdrbreak dormancy in

e phencphases uxerinitiated éariy“and
by July it is an insignificaht species in the ovexéll physio-
gnomy of the high marsh areas, Due to its. short stature
_(less‘than lﬁ), most othex speéies-ovextop sweef flag_by late
June, We believe that.the die;off of sweét-flagrleaves,is
-due to shading by tallexr plants. Evidence for this-éonclﬁsion
was seen near the end of the growing seasoﬁ'when'the other.
tallexr species began to-die or fall fé fhe.mafsh surface. ‘At
that time, sweet'flag had a second period of leéf growth. Peak
aboveground biomass in sweet flag dominated aréas varied
between 596-946 g/m? (Figure 9. aﬁa Table 8 }. Duriné the
period of maximum net biomass accumulation, daily -production

rates were 9,2-15.2 g/m>.

The ranking of community types based on the amount of annual
aboveground production is: swamp 1oosestrifé, caftail, mixed
vegetation, wild rice, sweet flag, arrow arum, and yellow water
lily. We have data foxr two other minor vegetatioﬁ types. A-
population of giant ragweed was sampled on Se?tember 10. Above-
ground net production averaged 1160 # 500 g/m2 witﬁ most of tﬁe
biomass being contributed by giant ragweed;' Reed canary Jgrass
formed dense, but small in total area, maﬁs in sﬁme.high maxrsh

areas. We measured bhiomass of 566 g/m2 in one population.
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'.Figure 3  summarizes the.pzoduction data. The average annual
qef production for sites not dominated by arrow arum and yellow
.Water iily was 580 g/ﬁz, Maximum aboveground bioméss foi the
latter two community typeé,is app?oximatély SGOlg/mz per yéarf
If one considers the second period of leaf préduction that
occufs in those communities, the estinated yeaxly,producfidnk

would be approximately 700-800 g/mz.

Table 6 shows an estimate of the total yearly production
within the Hamilton Marshes, The data do not account for pro-
duétion in the forests ﬁnd shrub _:Eores-ts° The coverage-data
for vegetation types was compiléd from the New Jé£seyswétland
Méps. Comparison of this data with the breakdown as feported
in our 1974 study (Whighan, 1§74) sﬁows the degige of dissimi-
larity between our interpretation of vegetation pattern and
those shown on the New Jersey Wetland Maps. Hiéh maish sites
.dominated by mixed vegetation cover most of the HamiltOﬁ |
Mafshesg Yellow water 1lily dominated éommunities are the most
expansivg in low marsh areas (streamé and pqnds),_ We estimate
the total annual aboveground production in the marshes to be
491,8 tons of material and the avérage production rate to be

950 g/m2¢
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C. NUIRIENT CONILENT OF PLANTS

In addition to measuring primary productivity, we are interested
in determining the amounts of nitrogen, phosphorous, calcium,
nagnesium, sodium, and potassium that are utilized by the plants

during primary production.

Plants from the productivity stﬁdy are ground and analyzed for
thei; nutrient content; To daté, ﬁe have ground all of the

plants from two samplingxdates. We are pxéséntl? determining
nitrogen concentrations ih thoée plants. Levels for the other

macronutrients will be determined later.

Table 9_ shows the contents of plants anal}zed thus far. Arrow
arum and touch-me~not contain more nitrogen than the cther plant
species., As expected, the'graSSes (reed canary and wild xice)
contain the least, Ouxr values compare well with other xeported
-datao_ Reperted nitrogen values for cattail range frpm .é%—to
3.6% (Harpe and Daniel, 1934) with nitrogen Ievels_in most other

plants near 2.3%.

When this study is completed, we will be able to estimate total

macronutrient uptake by the marsh vegetation.
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Table 9

Nitrogen content (%) of Hamilton Marsh vegetation. Values
are means + 1 S.E. '

b
>
)

Bux marigold 2.43
(Bidens laevis) ‘

Sweet flag : - 2.53 % .30

(Acorus calamus)

.

b

Arrow arum . 3.59 .35

(Peltandra virginica)

w

Cattail _ 0 2.44 % .78
‘{Typha angustifolia, -
T. latifolia, T.

glaqca}

Halberd tearthﬁmb - .. 2,30 .27

(Polygonum arifoliun)

b

4+
[
"

- Touch-me-not o ‘3.45
(Impatiens capensis)

Reed canary grass . - 1.73 & .32
{Phlaris arundinacea)

Wild rice .9
(Zizania aquatica) '

1+

« 57




62..

D. MUD ALGAE

Studies are currently assessing the zrole mud algaé'play in

the Hamilton Marshes, Working with the tﬁp-twﬁ cehtime?ezs of
marsh soil, we have estimated mud algal sfanding croprusiﬁgf
chloréphyll_extraction techniques outlined by Goltexman.{1969)—
and modified for.our system, Sampleé axe.collected’at two to”
four week intervals depending on tﬁe season using a nuﬁberrls
cork boier., Between 19 and 33 samples are takeh’on gach sampl-
_ing date from selected areas of ﬁhe marsh includihg-the stream

banks and regions dominated by“Nﬁphax, Zizénia, Typha, Lythxum,

Peltandra-Nuphax, and mixed vegetation. At each sample site,

four replicate samples are collected and the mean chloxophyll
_and phaeopﬁytin valugs for each site are calcuiafed-from theser
samples, Using these meén site.valueg; the amount ofrcﬁlorophyll
aﬁd phaeophytin fof each vegetationrsuﬁdivision iﬁ the marsh'

is calculated.

Figures 10-16 give the levels of chlorophylil a and its degradation
product-phaeophytin for the first and second centiﬁeter'of the

marsh surface and Figure 17 presents a summary of this data.

Mean chlorophyli 2 levels iﬁ the top two centimeters of mud

show definite seasonal patterns and xangé from a highlof 6.29
ug/top 2 cm?® in early summer to a low of 1.06 ug/top 2 e’ in

mid fall., These values are considerably lower than those reported

by Leach {1969) and Riznyk and Phinney (1972) for estuarine

mudflats, DMean phaeophyﬁin values alwavs exceeded éhlorophyli



Figure 10, Changes
soil in
represents chlorophyll a

Top centimeter

63.

i

in nruowovrwww a and phacophytin in the first and second centimevers of marsh
Nuphar dominated areas from Juns 1974 threugh January 1975. The solid line -
and the dashed line represcnts phaeophytin., _

Second centineter




Figure 11. Changes in chlorophyll a and phacophytin in ﬁwa.WWme_m:a second ac.Limeters of marsh
soil in Peltandra-Nuphar dominated areas from June 1974 through Jamary 1975, The
solid line represents chlorophyll a and the dashed szm represents phaeophytin.

Firet centimeter _  __ ,,‘ o Second centimeter
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Figure 12. Changes in chlorophyll a and phacophytin in the first and second centimeters of marsh
soil in stream bank areas from June 1974 through January 1975. The solid line
represents chlorophyll a and the dashed line represents phaeophytin.

Top centimeter o e Second centiméetexr

12+




Figure 13. Changes in chlorophyll a and phaeophytin in the first and second centimeters of marsh
- soil in Typha dominated areas from June 1974 through January 1975. The solid line
wmﬁwmmmnﬁm_oswowonw%ww a and the dashed line represents phacophytin,

Top omswwsmﬁmu._. R o : Second omsdwamému




Figure 14. o:wnmmmsz_owwowouyﬂww,w and phaeophytin in the first and second cenbimeters of msrsh
, soil in Zizania dominated arsas from June 1974, through Jardary 1975. The solld line

represents chlorophyll a and the dashod line represents phaeophylin.
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Figure 15.

12+

104

Top centimeter

Changes in chlorophyll a and phaecophytin in the hwwm&_wza gsecond centimeters of mrarsh
soil in mixed vegetation dominated areas from June 197k through January 1975. The
solid. line represents chlorophyll a and the dashed line reprasents phaeophytin,

4

Second centimetexr




Figure 16. Changes in owHQWOUE%wH a m:a m:mmoumwﬁgw in the first and second centimeters of mareh
soil in Lythrum dominated areas from June 1974 through January 1975 The solid line
represents chlorophyll a and the dashed line represents phaeophytin, :

Top centimeter o | Second centimeter
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Figure 17.
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Changes in chiorophyll a and

phaeophytin concentrations in the
top two centimeters of the marsh
soil from June, 1974 through
January 1975. Vertical Tines
represent values for each dominant
yegetation type sampled. Horizontal
Tines give mean chlorophyll a

and phaeophytin values for the
entire marsh. 1In each case, so0lid
Tines represent chlorophyll a and
dashed Tlines represent phaeophytin.
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a reaching a maximum of 16.29 ug/top 2 cn® in early fall.

.Mud algal standing crop appears to be influenced by the doﬁinant
vasculay plant commuhifies in the-maxSh.r.Areasrdominated by
yellow water 1lily consisteﬁtly have chlorophyli a.leﬁels'greatér
than mean values while'high marsh areas domiéated by mixéd.
vegetation {bur mﬁrigolﬁ an& others) have chlorophyll a values
below the mean. This-rélationship appears to be a function

of differences in soils in-the marsh. $ilty sand soils of low
organic cbntent (about 15%} found in tﬁe yelloﬁ watér lilyraxeas
provide the best substrate for'algal growth and-siltyrcléi soils
of high organic content {25-50%) found in the mixed vegétation
and cattail communities providing the poorest substrate. :shading
by the higher plants aléo influenCes'algal standing créﬁs with
the highest values occurring in fhe sﬁring and,early‘summer
while the vasculaxr plants are still relativelyrsmall. As the
bigher plants grow, chlord?ﬁyll a values decline’and phaeophyfin

levels rise correspondingly.

Peak algal biomaﬁs for the marsh, (Figure 18 } estimated from
chlorophy;l a values using Wetzel's (1969) factox of 60 for
conversion of chlorophyli'a to organic matte# in non-nutrient
limiting environﬁents, was 37.7 kg/Ha, which was two to three -
oxders of magnitude less than fhe peak biomass of the wvascular
plants. Nevertheless the mud algae cannct be overlocked. They
a¥e the only functioning prodﬁcers in the maxrsh for alﬁost eight
months of the year and Gallagher and Daibex (1974) have found

that mud algae may contribute up to 25 per cent of the total
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Figure 18. Seasonal patterns of mud algae.
biomass, (KgfHa) in several marsh
vegetation types. The horizontal
curve is similar in each graph and
represents 'the average standing crop for the
entire marsh. Vertical lines represent
monthly values . '
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annual production in Delaware River salt marshes with a
substantial part of this production coming during the winter

.and spring when the vascular plants are dormant.
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LITTER DECOMPOSITION

The vast majority of planté in the Hamiiton Marshes are annuals
or perennials whose aerial parts die-ﬁith the onset of winter.
.When the annuals dié‘ and when the abovegrbﬁhd portions of
the pgxennials are killed, a tzemendoﬁs.quantity oflbibgaés
(Table ¢ ) is deposited on the maxrsh Suiface. Onliv- a small
amount of bioﬁass is grazed by herbivores during the growing
season and that amount is minimal coﬁpared to the—totalrbiamags"

that is deposited as litter.

The decomposifion of litter is a necessary process in fhe
cycling of nutrxients and.the rate of decompogition determines
the rate at which the important minerals are made available ”
for use by living organisms. ' Part of the litter that reachés
the marsh surface is used as food by a community of ﬁicroorgan-
isms. These organisms colléctively belong to the detxritus food
chain of the marsh ecosystem, In the process of utilizing ther
enérgy in the litter, minerals are feleased. These are either
ufilized.directly; stored in the soil, or removed by tidal ﬁaﬁexs.
Water accelerates the decomposition process by producing condi-
tions favorable to the organisms in the detxitus food chain.
Much of the litter is comwverted to detritus during the decompot
sition progess. Detritus is finely divided organic'matter in é
partial state of decomposition. What happens to the litter oh
a vearly basis? If it is not all mineralized §x exported as

detritus there will be a net increase in the amount of organic



77.

matter. If all of the litter is mineraii?ed or otherwise
txanspoxted from the marshes, there will be no build up of
organic matter. The purpose of thériitter decomposiﬁiqn study .
is ;o determine the dynamics of littér remineralization for
several marsh piants and to predict the fate of the approxi-

anic matter that is annually

- -

-deposited on the marsh surface.

METHCDS

Decomﬁosition is being measured by setting out nylon bags

that contain measured amounts of dried plant material.‘ The

bags are.collected monthly and the amOunf of_material'remaining
is determined. We are studying decomposition rates of three
species. Wild rice is an example of a dominant annual species
and, being a grass, it contains a large amount of inorgagic-maftéx,
mostly silica., Bur marigold is another dominant that is being
studied. It is an examéle of a species that islnot a grass, yet
i# has a large amount of schlérehchymatous tissue, mostly.in

the stems. Arrow arﬁm is the third species. it is representa=-
tive of the group of plants that have typical-hydxophytic leaves
that are large, leathery, and mostly water. Yellow wate% 1ily,
pickerelweed, and arrowhead are other species that possess this
type of leaf., They all have very little hard mechanical tissue

in the leaves.

. For each species,Aapproximateiy 10 grams of material was placed
into each litter bag. For each species, 24 litter bags wexe

placed at each of four  locations (Figure ? and Table 1 ). The .
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total numbexr of litter bags used in the experimeﬁt was 288.
Duplicate samples of each spacies are‘beiﬁg collected from each
site monthly. Beécause of siltation, the bags axe gently wéshéd
upon return to the laborxatory. They are then oven aIi§d at

105°C and the dry weights of the remaining litter determined.

RESULTIS

-

The decompositon sfudy,began in'October and five monthly collecfions
have been made. Results of the study are shown in Flgure 19 ..

For all spec1es the rate of decomposztlon was hlghest duxlﬁg the
first month, ébgut 30% weight loss for wild rige, 50% for arrow
arum, and 35% for bur marigold. Except for wild_riée at sités

7 4A and 4B, weicght loss was more fhan 50% occurred dﬁring the

first three months. Boyd (1970) and de la Cruz (1974) have
ascribed the initial rapid rate losé,to solubilization and leach-
ing of sﬁbstances. The succulent leaves of arrow arum decompose
faster than either wild rice or bur marlgold- To date,‘there
appears to be no significant differences in decomposition iates
between the fouxr sites, althoaéh wild rice has decomposeé fasterxr
at Sites 5 and 5A and bur maxigdld and arrow arum lost more
weight at Site 4B between the second and third months. .From our
observations and the results of the experiments, we predict that
almost all of a given years produét is decomposed by the beginging

of the next growling season.
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Figure 19. Decomposition of wild rice
(Zizania aquatica), arrow arum
‘(Peltandra vipginica), and bur
marigold (Bidens laevis) litter.
Site locations are shown on
Figure 2.
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DETRITUS TRANSPORT

Introduction

Arvery important aspect of the ecology of the Hamilton Marshes

is its link to the Delaware River through tidal activity. During
:flood tides watér flows from the river into the marshes, while
the reverse occurs during ebb tides. The ecology of the marshes
is a1so linked to wéter movement within Crosswiéks Creek. During
each ebb tide, water flowing in Crosswicks Creek movés directly
toward the Delaware and does not, at that time, affect the ﬁarsheé;
The influence occurs when the tide reverses and Crosswicks Creek .

water is distributed; in addition to Delaware River watex, through-

out the marshes.

Much of the material that moves between the marshes and the
Delaware River is detritus. Detfitus is finely divided organic
matter that is in a partial state of decomposition. It is also
the-chief energy link between the marshes and the Delaware River

and, eventually, Delaware Bay.

The purpose of this stuﬁy is{1l) to determine the physical make-up
of detritél materials that move into and out of the Hamilton
Marshes, (2) to determine the.levels of yéarly variations in
detritus concentfations of water imported and-exported from the
maxshés, (3) to determine if there are any seasonal variations in
the movement of détzital materials, and (4) to calculate a yearly

balance of detritus movement in the marshes.
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We are also seeking to determine what happens to the estimated
2500 tons of organic matter produced annually. Does it decompose
in place (see section on litter decomposition)? IXs a portion of

it lost from the marsh as detritus?

Methods

We have adapted the techniques used during a stuﬁy byrscientists
of the U.,S. Environmental Protection Agency (Ca:ter et. al., 1973}.
Thxee sampling locations were established (Figure 2 and,Tablejl }e
Site 7 permits us to sample detrital movement int% and out of the
marsh area north of the Route 206 bridge. Site 4 enables ﬁs:to'
determine the movemeht of detritus into and out of the noxrthexn
section (all areas between Site 4 and Spring Lake) of the marsh. -
At Site 2 we can monitor movement into and out of the entire

maxrsh with the exception of a small portion of the maxsh that is
connected to a small stream that lies between Site 2 and the

‘Delaware River.

' When we first began the study we sampled all sites at high tide;
low tide, mid-ebb tide, and mid-flood tide. Analysis of the
data after three months of sampling showed that-it is only nec--

essary to sample at mid-ebb and mid-flood tides.

Our sampling procedure was as follows: while anchored at a
station, calibrated buckets were used to pour 300 liters of

water through two stacked sieves. The water samples were collected
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juét below the water surface. VIhe material remaining.in the
sieves (U.S. Standaxd #50 (297 mic#o.ns) and #230 (63 microns)

was transferred_to labeled bottles. and returned to fhe iaboratory
for analysis. Two bottles (one liter each) of filtered waterxr

were also collected and returned to the laboratory for processing.

The det#ital fractions collected on the two sieves were analyzed
for dry weight. A third detritél fraction was collected by
passing replicate samples of the filtered water through a .8
micron millipore filter. Dry weight determination is also caxried
out on this nannofraction. Concentrations (mé/l) of the three

gjite fractions of detritus are then calculated.

In order to determine the total amount of detritus moving through
each station,-additional data is collected. Stream veloéity is
..determined at 20 cm and 80 ¢m depths with a Pygmy Cu:fent Meter,
Water depth at the time of sampling is measured. Using the depth
readings and cross-sectiongl diagrams of each station, we are
able to determine the cross-sectional area of each station at the

time of sampling.

Combining data on stream velocity, cross-section area, and
detritus concentration, the total amount of detrital material
moving through each site was calculated. This study, initiated

in October, 1974, will continue for one year.
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RESULTS

Results of the first four sampling periods are shown in Figure

207. More detritus moved through Site 3 thah either Sites 7

or 4. This would be expected since detritus moVihg'fhrough

Site 3 during flood tide would be partitioned into vati;us sections
rof the maxsh. Comparing Sites 7 énd 2, slightly moxe detxritus

was measured moving past Site 7 during flood tide.

During ebb tide, wafer passing through-Site 7 and 4 carxy
materials from separate large sections of-the.marsh. “One-would-
.expect that the total -amount of detritus moﬁing bast thbsg two
sites would be approxim#tely equal to the amount measured af‘ |
VSite-z. Figure 20 shows that was the case during-fhe-first

four months of the study,

Except for Decémber, there was a greater amount of suspended
material moving into the maxsh-from the Delaware ﬁiver-than
moving out of the marsh duxing ebb tide. December samples were
collected shortly after a heavy rainfall. As one might expect,
there would be arconsiderable amount of sediment moving in ;
Crosswicks Creek from upstream areas. Figuxe 20 shows that mére
material moved through Sites 7 and 2 during ebb tide than was
returned during flcod. It ié alsc apparent that the increased
detrital load was not generated within the marshes. More material
moved through Site 4 during flood tide than returned during ebb
tide. Again, this would be expected bécause most of the watex

that moves into and out of the Rowan Lake and Spring Lake section



Figure 20.
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Patterns of detritus movement
during ebb and flood tides at

3 sampling stations in the Hamilton
Marshes. See Figure 2 for site
locations.
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of the marsh is-tidal water. As a xesnlt,rﬁe would expect

less material to move ocut of those areas during ebb tide than

moves in during flood tide. This relationship should-hbldAeven
during periods of peak flow in the Delaware River and in Crosswicks

Creolc,

Most of the detritus that moves through the marshes is in the
" nannofraction. Figures 21-23  show that approximately 90-
98% of all suspended materials are within the nannofraction

during both ebb and flood tides.

Others (Odum and de la Cruz 41967' and Carter et. al. ,1973) .

have cobtained similar results.

Obviously, the preponderance of material carried into and out
of the marshes is in a highly fractionalized state. The lower
values for the nannofraction during ebb tide in November was

due to an increase in the number of seeds floating in the water.

No conclusion can be made concerning the yearly balance of material
moving into and out of the marsh, but if the present trend con~
tinues, it appears that much of the decomposing litter is mineral-

ized in the marshes,

We also hesitate to draw conclusions until we compare the data
on an ash-free basis. A portion of the suspended materials that
we measure contains phytoplankton and zooplankton and inorganic
sediment. We especially need to know how much of the detritus

is in the inoxganic fraction. We are presently working on that



Figures 21-23.
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Particle size distribution of
detritus samples at sites 2,4, and 7
respectively,
The size fractions are: ‘

N = Nanmofraction {.8-62 microns) _
S Small fraction (63 - 296 microms)
L = Large fraction (+ 296 microns)
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aspect of our study and preliminary data show that the amount

of organic matter in the suspended naterial is usually between

50 and 85%.
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WATER QUALITY

Introduction

Except for Grant and Patrick's (1970) study-of Tinicum Marsh,
1ittie information is available on seasonal changes in water
quality in freshwater tidal marshes. Such data are important
if we are to understand the functional processeslthat occur in
freshwater maxshes. So that the role selected water quality
parameters play in the Hamilton Marshes caﬁ be-determined,-
studies were initiated in June 1974 to monitor several chemicai
species,Vincluding(dissolved oxygen, éarbon dioxide, total
alkalinity, reactive nitrate, reactive nitrite, ammonia (plus

amino acids) reactive and total phosphate) known to reflect

metabolic processes in aquatic environments.

- Materials and Methods

Water samples are being taken at two week intervals in the summer
and monthly intervals through the remainder of the yeaf at eieven
sites encompassing the majoxr marsh habitats. Thesé areas.include
Sites 1, 2, 6, 7, and & in the main channel of Cr&sswicks Creek, |
Sites 4A, 4B, 4C, and 4D in Watson Creek and the Rowan Lake area,
and Sites 5 and 5A in the side channel draining from Site 5B.

On each date, samples are collected at the morning high slack
water (héw} and the afternoon low slack water (lsw). On two
occaésions, a third set of samples was collected at the evening

high slack water. A1l samples are surface samples and collected
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by hand except at Sites 1 and 8 where é horizontal 2 liter

Dorn water bottle is used. To insure that samples are collected
as close to slack water as possible; Sites 2, 4, 5, 6, and 7-
located on C;osSwidks'Creek'and accessible only-by boat were
collected by one team ﬁhile-a second team c011ected Sites 1,

5A and 8 which are approachable from.land. Becausé slack

water oécurs later at Sites QA; 48, and 4C, they are visited
after sampling_ié completed at the other sites. About one and
one half hours elapses between the iniation of sampling and

delivery 6f the samples to the laboratory..

The following ﬁarameters are measured at each station: dissolved -
oxygen, carbon dioxide, total alkalinity, reactive ﬁitrate,
reactive nitrite, ammonia (plus amino acids), reactive phosphate
and total phosphate., Dissolved oxygen samples are collected in
duplicate and fixed in the field. Water for carbon dioxide,
alkalinity, and nitrogen species are taken in well stoppered

glass bottles, and phosphate samples are collected in polyethylenér

bottles,

Samples for carbon dioxide, alkalinity, ammonia, and nitrites are
processed within two hours of delivery to the laboratery and

nitrates within six hours. Phosphate samples are frozen for

later analysis. .American Public Health Association (19715 procedures
“are followed for anmalysis of carbon dioxide, total alkalinity

(methyl orange), and dissolved oxygen (azide modification of the
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standard Winkler-éethod). Reactive nitrate, reactive nitrite,
and ammonia {plus amino acids), and reactivé-phOSphate are
analyzed following the methods of Striékland and Paxsans-{1968).
Totai phosphate.is analyzed accoxding to pfocedures given by
Menzel and.Corwin.(lgés). Temperature ié measured with a
telethermometer. Occassional measurements of pH using a Fisher
pH meter and turbidity following Hach (1971) procedures are also

made.

Results and Discussion

- Dissolved oxygen and carbon dioxide

Figures 24-26 give the dissolved oxygen levels :I:‘o:t:'r each sample -
date. Several trends are apparent from the data. At those sites
downstxeam from the Hamilton Township Sewage Treétment Plant
effluent pipes (Sites 1, 2, 4, 4A, 5, 5A, 6) oxygen levels are
almost always hicgher at hsw than they aré a lsw. Site 7 located.
uﬁ stream from tﬁe effluent pipes shows somewhat the reverse of
this pattern, but the trend is not consistent. Dissolved oxygen
levels at Site 8 located on Crosswicks Creek well up stream from
the éffluent pipes and miminally influenced by the tide, fluctu-

ates little between hsw and lsw,

All sites display expected seasonal trends in disso;ved oxygen
concentrations with levels being lower during the summer than the
winter. Sites 4B and 4C which are pond-like had oxygen levels

below 2 mg/l1 throughout the summer and at Site 4C less than 1 mg/l



Figwre 2L. Changes in dissnlved oxygen from June 197l throngh Jammary g,w..ww_ at Sites 5, DA, T, and 8,
: Solid 1ines represent morning high tide values and dashed lines represent afternoon low
tide values.
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Figure 25. Changes in dissolved
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oxygen from June 197k through January 1975 at Sites 1, 2, and 6.
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Site 6
121 :
107 .
D.0. B8
ng/L _
g4
L o}
”l -
| Sited
D.0. -
Cmg/L
2 - .
I B W 5 T~ § '~ Do ‘413 9 ' & s o0 ¥



Figure n5 Changes in dissolved oxygen from June 197L through January 1975 at ‘Sites L, LA, LB, and LC.
Solid lines represent morning high tide values and dashed lines represent afternoon low
tide values. . -
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oxvgen was found on three occassions. LSw summer o*ygen'levels

af Site 4A averaged about 2 mg/l iess.thAn at Site 4 and Sites

1, 2, and 6 on Crosswicks Creek. Site 5A located at the confiuence
of a large section of higﬁ marsh had-COnsistently lower oxygen |
“concentrations durihg the summer than Site 5 1o§ate downstream

.
near {rosswicks Creek.

buring the late fall; Sites 4B and 4C oxygen.levels incxeased
rapidly, but still remained sbmeWhat lower than at other sites.
Both November and December oxygen levels were 1 to 4 mg/1 highexr
at thé affernoon lsw than at the morning hsw. At site 5A, the
reverse was seen with oxygen 1evelé aboutrz ﬁg/l lqweg.at the

1lsw than at hsw.

Figures 27-29 give the carbon dioxide levels for each sample
date. Carbon diokide levels are consistently higher at lsw than
at the morning or evening hsw at Sites 1, 2, 4, 4A, 5, and 5A,
and 6. Differences were particularly apparxent at Sites 5 and 54,
where lsw levels are generally at least 10 mg/1 higher than at
hsw. During the summer Sites 4B, 4C, and 5A constantly had the
highest carbon dioxide levels and-during the fall Site 5A levels
were highest. The elevated fall values at Site 5A corresponded

with the period of most rapid die-back of the noted vascular plants.

Behavior of oxygen and carbon dioxide gives us some insight into
the function of the marsh. As would be expected, a definite

reciprocal relationship exists between dissolved oxygen and carbon



Figure 27. Changes in carbon dioxide from June 197k through January 1975 at Sites 5, 54, 7, and 8.
Solid lines represent aogmsm Emw tide valves msm amnr& lines w.muu.mmns,« afternoon low
.«pma valien. .
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?m_s.._n 29, Changes in carbon dioxide from q.%m 197 through Janary s_oqn at Sites )y, LA, LB, and ro.
Snlid lines represent morning high ﬁmm values and dashed lines represent afternoon Hos.
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dioxide. All sites located downstream from the Hamilton Township
Sewage Treatment Plant effluent pipes on either Crosswicks Creek
(4, 4A, 5, SA) héd lower oxygen and higher carbon dioxide levels |
at lws than at hsw. VIn the case of Site 6, this undoubtly reflects
“the influence of the-effluent from the sewage treatment plént. |
In the case of 4,_4A, 5, and 5A these differences reflect thg
metabolic process of the marsh itself because the éffluent is not
accessable to these sites as the tide ebbs. Sites 1 and 2 reflect
the combined effects of the sewage effiuent and the marsh, Although

the impact of the sewagé plant is probably greatex.

The different habitat types in the marsh have distinctly different
effects on carbon dioxide and oxygen. Site 4B and 4C which are
distinctly pond-like are almost depleted-of oxygen.and have very
high carbon dioxide levels during the summer months, but as the
maxsh vegetation dies in the fall, oxygen leﬁels rise dramaticélly
while carbon dioxide levels decline. In Novemberrand.December
when the vascularx plants;have died back, dissolved oxygen are

several mg/l higher in the afternoon than early in the morning.

At Site 4B this is due to a dense growth of the algae Rhizoclomiun
that develops after the rooted plants dieback and at Site 4C it
is due to blooms of diatoms and Spirogyra. Site 5A which is down-
stream from an extensive area of high marsh displays a different
pattern of response, Here oxygeh levels are somewhat depressed

and carbon dioxide levels elevated over those found in the main
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channel of Crosswicks Creek, but the difference is not as dramatic
as in the pond-like areas.’ In October andrNovember,.however,
carbon dioxide levels rise noticably corresponding to the period
of ¥apid dieback of vascular plants at the site. This dieback

is followed by a rapid decomposition of vegetation as shown in

Figure 19 .

It appears the dissolved oxygen and carbon dioxide levels at Site
S-are minimally affected by the movement of the tide, pzoﬁably‘
because little effluent from the sewage plant actually reaches

this site. Oxygen and carbon dioxide levels at Site 7, except fox
some depression of dissolvgd oxygen in August ana September,'appeax
to ciosely parallel those of Site B8 suggesting that the effluent
from the Hamilton Plant exerts little influence én these parametexrs

at this site.

Nitrate, Nitrite, and Ammonia

Figures 30-32 give reactive nitrate concentrations for each sample
date. Nitrate levels were very low atVSites 4B and 4C throughout
fhe summer and early fall. At Site 4C, nitrate levels began in~
creasing in October and climbed_steadilyo- At S5ite 4B, nitrate began
increasing in November, but the lsw levels remained substantially
below hsw concentrations unlike at Site'4c where lsw values paral-
leled the increase in hsw values, Site 4A which in downstream from
Site 4B some depression of lsw nitrate values was apparent during

the summer months.



Figure 30. Chanres in nitrate-nitrogen from Jure 197h through January 1975 at Sites 5, BA, 7, and 8.
: Solid lines represaent morning high tide values and dashed lines repreasent afternoom low
tide values. -
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Figure 31 . qsm:n.ma in 3+§+?z$§§3 from ?sm 107}, trronsh Jarmary 1975 at Sites 1, 2, and 6.
, folid lines represent morning hi a.: tide valites and dashed H?ma .n.ud._.ﬁmmdw afternoon low
tide 4@..53.
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Site 5A 1sw nitrate values were at least 20 ug/l'lowei throughout
the summer-than were the high tide concentrations.‘ A similar, but
more variable pattern of nitrate values was alse seen at Site 5.
This pattern reverses itself during the fall wi;h lsw nitrate
Iévels being higher than hsw levels. Sites 1, 2, 6, and 8 on
Crosswicks Creek show considerable fluctuation from one sample
date to another and no consistent pétterns appéar'at either hsw
or lsw. Interestingly, Site 7 which is between Sites 6 and 8 has
remarkably simiiax nitrate profiles for both hsw and lsw on each

date.

Figures 33-35 give reactivé'nitrite levels for each sampie date.
Nitrite values generally ranged from 4 to 6 ug/l during the summer
and by earxly fall they had declined.torless:than 2 ug/1 at all sites.
At‘Sifes 4B and 4C, nitrite 1e§els were virtualiy always less than

2 ugkl. Only Site 5A and to a ieéser extent Sites 4B and 4C showed
consistently lowex nitrite values at lsw than at hsw in the summer
months. Sites 1 and 2 located downstreanm from-thé.sewage t;eatmehtwl
plant usuélly had higher nitrite concentrations.at 1sw duxing the

SuUnmeExr .

Ammonia {plus amino acids) concentrations for each sample date

axe given in Figure 36-38 Except for two hsw values in November

and January, ammonia at.Site-4B was consistently below 10 ug/l and
was less than 1 ug/l on several occassions.. During the summer
months, Sites 4 and 4A which are downstream from Site 4B héve ammoni.a
concentrations generally beldw 10 ug/1l at lsw. At hsw the ammonia

concentrations generally are considerably higher being very similar



Pirure 33 . Chanpes in nitrite.nitrsgen from June 34: +r._5:..r q}:s,_é. 1078 at Sites 5, 5A, 7, and 8.
N Solid lines sojaamusw morning high tide values and danbaed lines «iwgnmqﬁ. aftermaen low
tide 5..53.
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Fisure 37, Chenpes in srmoria-nitrogen (plus some smino-raid nitregen) from Jwme 197L throngh January 1975
2t Sites "1, 2, end 6.  Solid Tines represert morming hizh tide values ard dashed lines
represent afternoon. low tide values, : | |
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Figure 38, Changes in armoniz-ritragen (p1vs scme rmino-anid pitrosen) from June 197 threngh Jamuary 1975
_ at Sites L, LA, bB, & LC. Solid lines represent motming high tide values and Aashed lines
represent afternoon low tide valrves. _ ,
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to those found at Site 2. Except for two.dates,in mid-summer
ammonia levels were élso_very low at Site 5A during the summex

at lsw, but rose dramatically iﬁ détober and have rémained at
around éo ug/1l since then. Similar trénds axe also seen at Site
5. Low values {20 ug/l or less) with no obvious differences
between hsw and lsw are found at Site 8. Sites 1, 2, and 6 on
Crosswick'Creek below the effluent pipes for the sewage'plant_
usually had considerably higher ammpnia values at lsﬁ than at
hsw. The reverse of this pattern;with high ammonia values at -
hsw and much lower levels at lsw are seen atjsite 7 upstreanm from_

the effluent pipes.

Site 8 locéted up stream from the marsh on Crosswicks Cfeek

always has little ammonia or nitrate, but it does have fairly

high amounts of nitrate. The.nitrogen-values at this site prob-
ably reflect stream conditions as the water enters the marsh.

The influence of the Hamilton Sewage Treatment Plant is seen at
thé sites downstream from Site 8 Along Crosswicks Creek. Here
changes in ammonia nitrogen with the tide are particularly dxamétic.
At Site 7 upstream from the effluent pipes ammonia concentrétionsr
are markedly higher at hsw than at lsw. Conversely, at Sites 1,

2, and 6 downstream from the sewage plant, the reverse is seen
with higher ammonia levels at lsw. A similar, though lesé dramatic
pattern occurs with the nitrate and nitrite at Sites 1 and 2,
apparently xeflecting the oxidation éf ammonia to these forms as

it travels downstream at ebb tide.
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”During fhe summer, considerably more nitrate, nitrite, apd ammonia
are present at hsw than at 1lsw at Site 5A. During the fall and
early winter, this difference.disappears, but interestingly less
nitrate and ammonia arxe present at lsw than at hsw at Site 5
downstreaﬁ fiom Site 5A during'this,period.- It.would appear from
.thesé data that during the summer, the high mafsh areas upstream '
from Site SA are assimilating nitrogen and that tﬂis_ié being

rereleased during the fall. . ‘

In theapbndulike aréas of Site 4B-and'éc,qallrfogms ofi nitrogen
are low through the summer and only nitrate shows any sigﬁificant
buildup during the fall and winter. This buildup appears to occuxr
rapidly as the iooted vascular plants dieback. In fact, the
substantial quantities of nitrate and ammonia present at Site 4A
downstream from these sites never'appearlto-reach Sifes 4B and 4C
during the summer. Lsw values at Site 4A are virtually always
lower thén hsw values reflecting the paucity of nitrogen leaving
the pond-like areas of 4B and 4Crduring the summer. An interesting.
difference in nitrate levels appears between 4B and 4¢C during the
- late fall. At Site 4C nitrate wvalues axé about the sameé at lsw
as they are at hsw, but at Site 4C they are much higher at.hsw
than at lsw. The major difference between the'fwo-sites is a

lush growth of Rhizoclonium at 4B which develops after the rooted

vascular plants have died back. It would appear that perbaps this

alga is acting as a sink for nitrate during the winter months.
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Reactive Phosphate

Figures 39-41 show reactive phosphate ievelé during the study
period. Sites 1, 2, 6, and 7 on Crosswicks Creek show laxrge
differences between hsw and lsw values with hsw values ﬁeing
greater at Sites 1, 2, and 6 belcwkthe effluent pipes. 7The
highest phosphate vaiues occur at Site 6 immediately below the
effluent pipes. Sites 4 and 5 in major tributary channels of
Crosswicks Creek sﬁow little fluctuation with the tide. -Likewise
Site 8 vériés little with the tide. Site 5A phosphate levels are
considerably higher at hsw than at lsw with the lgw values being
much lower than those downstream at Site 5._ Phosphate levels at
Sites 4B and 4C are ‘always low, even when hsw Jlevels at Slte 45

are relatively high.

The major influence on reactive phosphate levels appe#xs to be

the Hamilton Township Sewage Treatment FPlant. Dépending'on whethef
the tide is flooding or ebbing Sites 1, 2, 6, and 7 show markedly .

- higher phosphate levels than other areas of the marsh. The majdr
exception to this xule is Site 5A where phosphate levels are also
usually high at hsw. The high vélues here may be due to leakage
for the sludge lagoons near the site since site 5 downstream from
5A does not show these elevated values at hsw. Elsewhere in the
marsh, reactive phosphate levels are generally low and at sites

4B and 4C are often near the limits of detection.



Figure 39. -Changes in reactive phosphate from June 1974 through January 1975 at Sites wL 54, 7
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Figure LO. . Changes in reactive phosphate from June 1974 through January 1975 at Sites &, Li, 4B,
,  and 40. Solid lines represent morning high tide values and dashed lines represent
afternoon low tide values.
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| Figure kﬂ,. Changes in reacbive phosphate from June 1974 through January 1975 at Sites 1, 2, and b.
solid lines represents morning high tide values and dashed lines represent afternoon
‘low tide values. . . . : : ,
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General Conclusions

The mejor influence on the surface waters in the Hamilton Marshes
is the Hamllton Sewage Treatment Plant, This'iﬁpact is noticed at
hsw at Site 7 above the effluent xelease p01nt and at Sites 1, 2,
and 6-downstream from the release point at lsw. All these sites
are on Crosswicks Cxeek., Site 8 oe Crosswicks Creek at the upper
end of the marsh is little influence by tidal action ap& coesequf
ently is minimally affected by the sewage effluent. Sitee.located
on majox side channels of Crosswicks Creek appeax to be 1arge;y
unaffected by the sewage plant partlcularly at lsw. sites 484
~and 4C which experience tidal fluctuations of only 20-50 cm are
dlstlnctly pond-llke. At these sites water quality parameters
behave as they would in very productive non-tidal ponds with
summer_oxygen.and nutrient depletion and high caxbon dioxide levels.
During the winter, oxygen levels are markedly higher and show
siurnal variation due to algal pfoduction. At'Site 4B this is due

to Rhi20clonium,and at Site 4C it is due to blooms of nixed diatoms

and Spirogyra that develop as the higher vascular plants dieback.
Interestingly at these sites nltrate levels increase maxkedly in
the fall, but phosphate levels remain depressed. However , at Site
4B nitrate levels are elevated only at hsw with lsw values being
considerably lower suggesting.that this site may be acting as a

nutrient sink during the winter months.

Site S5A at the confluence of a large high marsh area appears to

be able to absorb nitrate nitrogen in the summer and rerelease
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it during the fall and winter when the vascular plants dieback.
Reactive phosphiate levels aﬁpeax to follow a 5imi1ar pattern
except that the source for the phosphate may be the sludge lagoons
rather than Crosswicks Creek. Oxygenudepletion'is not a problem
at this site, buf during the-fall caxrbon diox;de levels change

markedly paralleling the dieback of rooted vasculiax plants.

Blum ‘(1968, 1969), Aurand and Daiber (1973), Arelrad, Beﬁder and
Moore (1974), and others have suggested that brackiéh-water tidal
marshes may act as nutrient sinks and Grant and Patrick (1970)
have suggested a similar role for freshwater tidal‘marshes. Our
~data suggest that the high.maxsh areas may be.actihg as a nutrient
sink during the summer months and that perhaps pond-like #reaa of

the marsh may be playing a similar role in the winter.
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AUTECOLOGIGAL STUDIES

A long range objéctive of our studieg‘is toe determiue;ecological
life histofies of the dominanﬁrmarsh plantwspe;ies. ‘Information
of this type will be invaluable whenever decisions are béing
made concerning tﬁe tolerances of those species to perturbations
ie: dredging, filling, and other types of management proceéses.
This section of our report deals with three sﬁudies ihat have
already been undertaken. :The research on wild rice was done by
Dennis Whigham and was sﬁﬁportéd by a Faculty Research Grant-in-
.Aid from Rider College. The secondrand third studies are edited
reports of independent research projects by Rider Collegé Biology

students, David West and Patricia Parkinson.
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Autecological Studies of Wild Rice (Zizania aguatica)
by

Dennis Whigham

INTRODUCTION

Wild rice is a member of the grass family (Poaceae) that
grows in brackish to freshwater mafsheg, lékes, pondé, and
slow moving streams along the coast from sOuthe#Stern-Canada
to Florida aﬁd Louisiana. Inland it occurs in noxthern New
Yoﬁk State and from western Lake Erie in;o Wiscopsin'and
southern Illinois (Dore, 1969). In New Jeréey, marshlands in
which wild rice is dominant or abundant dccur.mostly in the
southern part of the State (Robichaud and Buell, 1973). It
is most abundant along streams and rivers thét empty into the
bel#ware Bay and along streams théx empty into the Delaware

River.

Until xecentl& wila rice was one of the dominant planﬁé in southern
.New Jexsey maxéhlands; Robichaﬁd and Bﬁell {1973) stated that
éood stanés can now only be found as fa? noxth along the Dela-
ware River as Rancocas Creek. A preliminary éuxvey of the
northerﬁ ﬁost,freshwater tidal marsh along the River (Hamilton
Marshes) (Whigham, 1974) showed that the ﬁild rice was widespread
‘and abundant. The present sfudy was ﬁndertéken to determine

the distribution, abundance, and primary productioﬁ ofrwild rice

in the Hamilton Marshes.
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MBTHODS

Wild rice populations weré-surveyed during the.spiing, Suﬁmer,
-and fall of 1974. Several pbpulatibns (Figure 2- and Table 1 ).
were selected for intensive study. On each sampling date,; 3
quadrat (3 e ) were harvested from each population. Entire
plants were removed by hand and I estlmated that. our sampLes
contained approximately 95% of the root biomass. Rogosin (1958)
and Bray et. al. (1959) had similax experlences 1n,samp11ng

wild rice. Specimens were retuxned to the 1aboratoxy where

they were washed and then dried at 105°C for at least 24 howrs .
Shoot and root portions of each plant were weighed 1nd1v1dua11y._
Inflorescences wexe harvested near the end,of the grow1ng Season
and the number of seeds countéd. .Between April }5-18, permARent
quadrats were established throughout the study areaé and counts

were made of wild rice seedlings.

RESULTS

Most wild ricé populations afé located in 3 areas of the marshes.
. The largest populations occur in the Rowan Lake section. Popu-i
lations were found along the stream and on the adjacent maxsh
areas that connect Rowan Lake and Crosswicks Creek. The second
area of concentration is near the Hamilton Township Sewage
Plant. The third concentration of wild rice is in thé area of

the marsh upstream from the Route 206 bridge.r
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Wild rice grows in 3 distinct habitats. Along the banks of
Crosswicks Creek and in the channels of small tributaries

it grows in association with yellow water 1lily (Nuphar

advena), pickerelweed (Pontederia coxdata), water hemp (Acnida

canniabina) and water smartweed (Polygonum punctatum). Wild xice

~also grows in areas that are elevationally the highest marsh -
sites that are only covered by water at high tide. In addition

to wild rice the dominant species are arrow arum (Peltandra

virginica), bur marigold (Bidens lagvis), Halberd tearthumb

(Polygonum arifolium}, Tearthumb {Polygonum sagittatum), sweet

flag (Acorus calamus), and touch-me-not (Impatiens capensis}.

- Wild rice also grows in small drainage channels  that connect
high marsh areas with.stream channels, Yellow water lily is
dominant and associated species' are water smartweed, pickerel;
weed, and-watérhemp. The third major habitat of wild rice s
areas that are pond-like at high tide and drained at low tide.
At high tide the water is approximately 1-2 féet deep and.those
areas are water covered for much of each tide—cycle; Rowan Lake
is the largest pond-like area in the Hamilton Marshes. In
addition to wild rice the dominant plant species are yellow water
lily, pickerelweed, water smartweed, arrow arum, énd cattail,
Wild rice does not grow in the sections of the marshes that are
permanently flooded ﬁy water -~ Spring Lake and a section of the
marsh that surrounds Spring Lake (Site 4C in this xeport is

representative of this type of habitat).
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Phenology 1

- wild rice has a relatively long period Qf'vegetative growth.
followed by a sudden transition to the flowering and fruiting
phenophases. Germinétion occurred during the last week of
April at all sites and most individuals senesced in August.

The flowering phenophase bégé“ duiing the 4th week of July.

and continﬁed until mid Angusta' Most seeds wére shed by the
third week in August with the majority being dislodged by wind
and rain in late July and early August. McCormick (1972) has
‘élso reported that there is much physical damage:done'to wild
rice populaticns during summer wind and rain storms. Dore (1969).
has also reported that seeds are easily dislodged. A#most all
individuals had died by the 3rd week in September and the ré-

mainder were killed by the first heavy frosts (October 19-21}).

Seed Produciion

The vast majority of plénts (95.7%) produced.oﬁe inflorescence.
Thé average number of seeds per inflorescence was 655 1.195
{N=20} and the average density‘df seed bearing plants was 57 x
104 + 28 x 104 per hectare. Estim#ted seed production was 373 x
10® seeds/hectare. Wild rice occupies approximately 24 hectares
in the Hamilton Marshes (New Jersey Department of Environmental

Protection Wetland Maps‘l972)'and the estimated total seed pro-

duction was 9 billion.
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Seed Mortality and Seedling Establishment

Many wild rice seeds are carried away because they‘float'freély,
until they become waterlogged (Sculthrope, 1967). Others |
became iodged near_the point of release. Dore-(lQﬁQ} on_thé
thher hand has reported that seeds immediately sink and are suba-
sequently lddgedﬁéa¥the parent plant. Many seeds were consumed
by birds, especially redwing blackbirds. When the fruits were
méturing the birds were observed to consume wiid riée seéds.,-':
Sculthrope (1967) has stated that wild rice sééds:axe véluable
food for ducks, éoots; geese, and several othér types of watexr~
fowl. The net affect of seed predation, reéovalrof seeds by
tides, and the.covering of seeds by sediment. and littei during
the wintex is that one would expect that only a small peréenfage‘
of one yeaxs éeed crop would survive. Seedlings counts made -
shortly after germination substantiates this assumption. Twenty-
four permanent quadrats'were sampled between April 15 - 28. |
Wild rice seedlings averaged 181 # 69 individuals/m2. The.pro-
duction of large quantities of seed in order to assure the
survi&al of a few individuals is common=émong annual planf species

(Harper, 1974).

Figure 42 shows seasonal changes in density of wild rice populations.
The species has a lineax type of survivorship curQe which indicates

a constant mortality risk. Mortality was most likelyrdue to
competition, herbivory, and the destruction of plants by objects

that lodged on top of them during the daily course of tidal
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Figure 42. Mortality data in wiid rice (Zizania
aquatica) populations. All values represent
mean number of individuals/m?+ 1 standard

error.
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activities. . Rice plants at Site 5C were eaten by the end

of June. It is most likely that the plants weré eaten by
muskrats that are plentiful in the marshes. Moxtality late

in the growing season was due to deétrucfion of the large
repioductive plants by'wind and rain. In Sohe cases the plants
were not killed but simply lodged onto.the ground where they
continued to grow in the proﬂe postion. McCormick (1972) has
reported a similar phenomenon in the freShwa{er.tidal marshes
along Oldmans Creek in Gloucester Counfy. Plants ét Site 5B
(2 populations) were destfoyed by a storm in July. The size
of the wild rice populations in the maxshesfappéars to be .
controlled primarily by_seed moxrtality and by mbrtality during

the vegetative and reproductive periods.

PRIMARY PRODUCTION

A second objective of this study was to determine levels of

primary production.

Initial biomass samples were collected approximately 2 weeks
after the seeds had germinated and sampling continued until the

majority of individuals had senesced in September.

Much of the initial production was used in seedling establishment.
(Figure 43 ). The root:shoot ratios were all approximately 1 on
May 15 which indicafes an equal partitioning of thé net primary
production. By June 1, root:shoot ratios started to drop indi-

cating that after the initial establishment of the seedlings



