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INTRODUCTION AND ACKNOWLEDGEMENTS

The Hamilton Maxshes are an invaluable_ésset of'thg ?eople of
Hamilton Townshi§ and surroundiﬁg areas. We ho?e that our_.
studies of the marshes will demonstrate their uniqﬁe'quaiities
and that the data will be used in the wise manégement of this

-

resource.

Tﬁis report summérizés our research for the period April,; 1974
to January, 1975. This is a preliminarxy report but we believe
that our.final conclusidhsfwill nﬁt'be altered after the te&- .
nination of our ongoing research pfojects;‘ Sevexral studies héve
been completed and several cbntinue—at.p;esent. -We have-coﬁple-
ted 6ur anainis.of the vegetation of'the marshes.ds well as

' the primary productivity studies. A separate study.of ﬁild
rice has been completed. ~This report also cépfains papers on
the ecology of two_éther marsh species that have been studiéd
.as independenf research projects by two Ridedeollege students.
Water chemistry, nutrient cycling, and mud élgae studies ﬁiil
continue until June, 1975. Detritus and litfer.decompoéition
studies will continue until October, 1975. Incomplete results

of those studies are presented in this report.

We would like to.thank the many people who have encbuxaged us
during our investigations. Mr. Gerald Hérexra, Mr. Richard

Klockner, and Mx..Haig Kaéabach have been especially helpful in
coordinating our activities with the Hémilton Townghip Enviroﬁ-

mental Commission and in permitting us to use the facilities



of the Hamilton Township Sewage Treatment Plant as a base of

pany of ocur field operations.

Financial support for our work hasibeen provided by the Haﬁilton
Ioﬁnship Envirommental Commission, the Natiénai Geographic.
-Society, The Society of the Sigma Xi, énd a Rider'Callege Grant-
in-Aid, g
Special.thanks go to Penelope Simpsos who designed and spent

long hours making the nylon bags that were used in our littef
deéﬁmﬁoéition experiment. To our wiﬁeé;.Penny:and Jan;.alép'

go our thanks for their patience during many of the long days

and vacationless weekends. We would aiéo like.fd‘thank Oﬁ?.L
studentﬁa§$istants:‘ Paula Bozowski, Herbert Groﬁex, Barry Kiine,

Thomas Leslie, Richard McClellan, and David WeSt}



BACKGROUND INFORMATION ..

The.ﬂémilton Marshes occupy apprdximately’SOO Hectérés of tidal
and nontidal land adjacent to the Delaware River mear Trenton,
N. J. We estimate-that therelare approximately 260 Hectares of
tidal marshland. The marsh is bordered on the morth by‘a
highly developed sec;ion of Hamilton Township. On the western
bogndary is the Delaware and ﬁafitan Canal. Except for the
Canal side, the natural border of the marsh is a steep,hili-
side that extends almost entirely around the marsh. TIn most
pléces, residental developments accui directly on the hili-
side; thét overlook the marshes. The marshes are impacted

by a number of facilities. The mostlimpdrtant are: |

DeLorenzo land fill, Hamilton Township Sewage Treatment Plant;
" QOcean $pray Cranberry Company, Yardville Sanitary Landfill,
Yates Industrial, and Bordentown Reformatory Sewage Treatment'
Pl&nf, (Waltén and Patfiék, 1973). In additiom sevefal; large storm-

drains discharge runoff water.

Our studies were initiated in the summer of 19?3. The original
purpose was to quantify the interelationships of the plants

and animals that are found in the marshes. In the course of

our work it became apparent that the marshes wers extrémely
valuable and ecologically interesting. Endangered birds’sPehd
several menths in the marshes, there is great potential for
utilization of the area for environmental education, the marshes

are valuable as a sink for water during peak flow periods after



heavy rainfall, and perhaps most importantly, we believed that
the marshes serve a valuable function in-the processing and
stpxage of nutrients. It was obvious to us that it was neces-
saxry to document the ecelogical and _social significance of
the marshlands.  As a.result, our xeseaich_was.exﬁanded to
~include important funectional aspecﬁs of the maxshes.' This

-

_report summarizes our research to date,
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CLIMAIé

Trenton has a typical temperate climate (Walter and Lieth,

1960) with a cold but not long winter (Figure 1 ).

Precipitaﬁion aﬁe;ages 1020 mm annually and'it iénf§i£1y.evénly
distriﬁuted'with a mgximum in July and a.ﬁinimum’in Octobex.
The average temperature is 1210C and the gxowingwéééson lastsﬂ¥
fxom mid-April until late September. Within the Hamilton
Marshes, water supply is always adequate énd temperature.;. al§g§
witﬁ photoperiod,.seem to be the most:impbrﬁant faétozs in'

controlling biological activities. of organisms.



Figure 1, Climatic diagram for Trenton, N.d.
The mean annual temperature and
precipitation are shown next to the
climatic station name. Because the
precipitation curve is always above
the temperature curve, the elimate
is interpreted as not having a dxy
season, Along the absecissa are
plotted the months of the year (Janu-
ary - December) and a shaded area o
which shows the number of months
during which there is a chance of
temperatures that fall below 0%,
Trenton has a Type VI climate
according to the system of Walter
and Lieth (1960). Precipitation
above 100 mm per month is plotted on
the scale of 1:3 (1000:30mm ppte),
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SOILS

Introduction

The U.S. Department of Agriculture Soil Conservation Service
(Markley, 1971) classifies all substiates‘within the.Haﬁilton
Marshes as tidal marsh soils; They are highly organic éilt

flat éoils that are flooded twice daily. .The Soilfconservation
Service describes the soils as "brownisﬁ" witﬁ "an averagé
thickness of about tﬁree feet'. 1In places the’$oi1 might be
as.thick as 10 feet or as shallow as one féot. "Below the
layers of silt are sand and giavel.and, in some¢ places, clay".
Little other tecﬁnicai data is provided.by the Soil Conservafion
Service, primaxily because the soils arekof minimal economic 

value,

We have collected substrate éémples throughout the marsh
-(Figure 2 and Table 1 ), and,ha§e or will perform various
analyseslon them. To date, we hgve determined organic natter,
nitrate nitrogen, and ammonium.nitrogen for an entire set of
samples. The samples will also be analyzed for phosphorous,

nagnesium, calcium, potassium, and sodium,

Methods

Soil cores were taken with a Weldco light dﬁty.g£évity type
core sampler. A preliminary study showad that the instrument
provided a samplé which covered most of the rooting zone of the

vegetation - approximately the upper 50 cm..



Figure 2.

Schematic diagram of the Hamilton
Marshes, The pattern of watexr
movement into and out of the marsh

is shown at the lower right.,
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Table 1

This table shows which experiments were performed (+) at each
of the sites. See Figure 2 for the location of the sites.

EXPER IMENT
o
Q
H
5 > = o
=t 0 0 (0)] H 8
> ra = v 8 B = - )
o U 1] &~ 2 ) < ja
%2 H - o = ~ >
= o= = 14 L4 A =1 o = oo
56 g8 g Hg BE B 4B
B £5 A 2 A aE. @B =Fw
Site 2 - + + - - - -
Site 3 + - - + - -
Site 4 - + + - - - -
Site 44 + + - + + + +
Site 4B : + + - + - +
Site 4C + + - - - - -
Site 5 + + - + S S + +
Site 5A + + - + + + +
Site 5B ; + - - - + + +
Site 6 - + - - - - _
Site 7 .+ + + - + + +
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Samples were collected in the.fiéld by driving the sampler'into
the substrate and ﬁemoving the coxe. Samplés were collected in
the major vegetation zones. The cores were returﬁed to the
laboratory and sliced into sections rep?esenting 10 centimeterx
depth intervals, The plugs were then air dried ahd gxound:to
pass through a 2mm soil sieve., Organic mﬁtte:.was'de{ermined.
by ignition in a2 muffie furnace a£ 600°C. Nifrogen content |
was_deterﬁined by using a microdiffﬁsipn techaique (Stanford, )
et al, 1973). Initially samplés were énalyzed.in duplicate

but because there was very little variability between subsamples
of the same soil plug, we decided to pe;form‘one analysis.  In
the future we will combine correspoﬁding.plﬁgs from 3 soil cores
at each sampling area. Triplicaie deteiﬁinatioﬁs will be made

on the combined plugs.

Results

Table 2 shows the results of the organic matter determinations.
With one exception, there is no significant trend in organic
matter from the top of the soil to the 50 cm level and there is
only a slight decrease in organic matter from the toé té the
‘bottom of the.profile,- The exception is at Site 4A where there
is a sharp decrease in organic matter between 20 énd 30 cm, We
attribute this to the fact that the nearby stream probably
flowed over that site at one time and that it has siéce changed

course and a soil has been built upon the 0ld stream bed.

The amount of organic matter in the soils of the marsh is much



Table 2,
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Pl

Organic matter a.nalys'i's_ of maxrsh
soils. Refer to Figure 2 for

locations of the sampling sites.

All values arxe means (%) + 1
standard error.
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Site Numbetr

Table 2

ORGANIC MATTER CONTENT OF MARSH SOILS

5

15.3 * 1.6

4 7 7
Dominant Vegetation ‘. : _ Yellow Water"li'ly | Arrow arum Sweet flag
Numbe_r of samples: | 1 | 1 1
Soil Horizon 0-10 on 13.2 21.1 30,0
o | 10-20 on 13.8 16.2 X
20-30 com | 14,3 | 16.1 34,2
30~40 cm 14,7 15,4 23.8
40«50 c¢m 14.6 12.4 21.2
MEAN # 1 BB 14.1 ¢ .6 18.7 % 6.6 27.3 # 5.9
Site Number ‘ 5 5 5
Dominant Vegetation Yellow Watexr lily Arrow arum ‘Reed Canary grass
Number of sampleé 4 2 3
' Soil Horizen 0-10 cn 13.4 & 2.0 15.2 £ .9 18,1 % 4.1
.10-»2'0 cI 13.3 % 2.3 15.8 + L5 17.9 + 1,0
' 20-30 o 16.1 * 3.7 16.8 + O. 15.8 + 2,5
30-40 cm 12,4 + 1,2 16.3 + .5 14.1 *» 2.1
40-50 °m 12 ,lQ £2.0 12.5 & .8 12.8 & 1.6
MBAN # 1 S.E._ + 15.8 + 3.0



15.

o

Site Nufnbe'r‘ . B4 SA
' ﬁominant Vegetation ! . Ye”lléw Water 1ily Arrow arum '_Swee't flag
‘Number of samples 3 | 2 3
' Soil Horizon © 0-10 con . 20.4 1.6 21.4 % 1.0 28,6
 10-20 '.cm ) 20,7 + 1,1 22,3 + 2,5 24,5 + 2,0
20-30 cm’ ' 20.3 i 2,4" 20.1 + .7 36,6 £ .2
30-40 " on 10.7 % 6.6 18,7 * 5.5 23.4 + .4
40-50 cnm C15.3 & 7.7 21.2 & 1.9 22.3 & .2
MEAN # 1 S.E'.I.: ‘19._'3 t 4.5 20,7 % 2.5 26.8 % 5.8
éite. Number 5B .5B
pominant Vege‘tation ‘ Arrow arum Cattail and Sweet fla.é
Numbexr of samples 3 4
- Soil Horizon 0-10 cm 2147 & 5.9  46.5 % 5.1
10-20 cm 26.5 & 2.5 44.5 #10.1
20-30 om 29.2 1 9.1 45,7 = 7.2
30-40  cm 37.8 % 3.3 41,8 #13.0
40-50 cm 39.1 & 5.6 19.3 & 4.7
MEAN * 1 S.E._ 3 30.6 % 7.8 39.6 +12,6
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Site Number ' - |

Dominant Vegetation

Number of samples

Soil Hoxizon 0-10 cm
© 10-20 cm .

20-30 cm.

30-40 cm

4050 tm

MEAN & 1 S'E”X"‘

- ha

Loosestrife

2

 25.3 4 4.5

22.3 % 5.8
15.7 * 5.4
8.4 & 1.4

5-c0 & 02'

15.3 & 9.0

4a
-Arrow'arum

3

20,3 + 2.9

15,5 # 3.5

7.8 % 1.3

4.5 £ .6

4o2 & o5

10.5 = 6.8

LA

Cattail

3
23.3 & 3.3
27.9 % 2.5
22,5 & 1,5
12.4 * 3,6

6,1 & 1.1

18.4 £ 8.6
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higher +than most upland forest ox agriculfure soils but not

as high as one finds in peat dOminated soils. The fact that
there iS-little.&ifferentiaticn from the top Of fhe éubstraﬁe

tc a depth of 50 cm implies that the conéitions'of depbsitiOH
have not changed drastically fér a long ﬁeriod of.time,

probably since Se;tiéns_Of the marsh wefé_diked,\ Cur experignce
has been that most of the movemen& of inbrganié éédiment.takes.
place in or near the channels, During the summer thexe is a

net incfease in the amount of material in the Qhannels,.probw
aﬁly-due to the presence of_vegetatioh which acts as a trap,

aﬁd that during the winter months much §f'the aécumﬁlatedusedimént.-

is washed away.

There are significant differences between the amounts of organic
matter at different habi‘taté. Areas domindfed by y.ellow water
1ily, mostly in and along stream channels, héve.lower'amounts

of organic matter (Table 2 ). This is probably due to the
scouring effects of tidal waters. High marsh a:eas héve higher
amounts of organic matter. Except foxr Site 4A, most of the
arrow arum areas have between 10-15% oxrganic matter. There are
1ocatiohs in the marsh where the Substrate.is extremely soft

and walking is very precarious, Under those circumstances we
have ﬁeasured the greatest amounts of organic métter. "Site 5B
is an example of.this situation. Sweet flag and cattail dOmihaté

the area and the organic matter is as high as 30-40%. One section
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of Site 5A is dominated by sweet flag and the amount of organic

matter is greater at that location also (Table 2 };

Total inoxganic nitrogen {pitxrate and ammonium) of soils in
the Hamilton Marshes is not appreciably different from surface

organic layers.of many s0ils. There is, however,

@
1
e
0
o)
e
}.h
é.
4

difference in the relative amounts.of.nitrate nitrogen (N03')

- and ammonium (NH4+) nitrogen; The inorganic forms of nitrogen
in most soils are ammonium, nitrate, and nifrite (American
Society of Agronomy, 1965).. Under most conditions; nitrite

is present in very sméll amounts compaied té the othexr forms
and the quantity is usually assumed to be negligible. Ammonium
_is.pximérily fqrmed as a result of the breakdoﬁn of organié
matter, Under aerobic conditiohs.(with oxygen presént in tﬁe
soil) NH4+ is ﬁsually short-lived and is oﬁidized.to nitrate
nitrogen, with nitrite as an in{érmediate in the-p#dcess, As
a result, most soils contain more nifrate thah-ammonium, Under
anaerobic {lack of oxygen) conditions, the rétio is changed.
Because there is little oxygen and because of low pH there ié
nsually littie nitrification in anaeiobic.soilé¢ As a reéult,
ammonium aCCuﬁulates and if is more abundant than nitrate,

Such is the case in the Hamiltoﬁ Marshes, Table 3 shéws 0?:
SuUmmary statistics for inorganic nitrogen in the ﬁarsh soils.
There are no significant differences between sites., Values
ranged from 19,7 % 2.2‘ppm to 29.5 & 646 ppm. Within sites,

differences do occur. In areas where the substrate is very
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' Table 3

Summary statistics for ammonium and nitrate nitrogen. All values are ppm + 1 standaxrd error,

Dominant Vegététion

Site

Type

_ Yellow ‘ * . "

Arrow=arum water 1ily Sweet flag Cattail Loosestrife Othex Average
Site 7 40.2 # 20 15.7 % 3.9, 29,8 & 6.0 X X X 28.6 % 7.1
Site 5 20.9 # 1.7 14,6 # 2.5 X X X 17.9 # 2.5 20,6 & 1.5

C17.7 # 3.5 25,0 ¥ 12,5 24,1 * 5.2

| - | | 24.3 * 12.5
Site 54 32,0 % 3.9 . 1l.1 % 1.6 43.2 # 25.8 X X X 27.8 ¢ 4.4
24.8 * 11.6  14.7 * 2.2 . 40,0 + 8.4
17.8 + 1.3 38,7 # 10.2
Site 2B 12,2 ¥+ 3.8 X 46,3 + 8,7 34.6 + 2.2 X X 29.5 # 6.6
16.8 + 3.8 | 49,6 + 2.8
17.2 # 1.8
site " 11,3+ 9.9 X X 28,3 % 5.7 21.6 7.2 X 19,7 % 2.2
14.9 + 6.7 23,2 + 6.8 15,9 + 7.8
28,0 * 13,3
AvEroge : ) .
for 20,8 + 2.9 16,5 + 1,9 39,6 & 2.8 31.7 ¥ 4.9 18.8 ¢+ 2.8 22.1 + 3.6
lVegetation ' :
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soft and highly organic, the soil is waterlogged (Sweet flag

and cattail areas at Sites 5A and 5B) and there is-sigﬁificantly
nore nitrogen, especially ammonium, Habitats édminated by
vellow water 1ilyv are somewhat lower.in'nitrﬁgen {(16.5 *+ 1.9

ppa} anrd as stated, they are alse lower in organic matter.

Table 4 shows detailed ammonium and nitrate data for the- study sites.



Table 4,

21.

Ammonium and nitrate data for

marsh soils, HRefer to Figure 2 for
locations of the sample sites. All
values are means (ppm) -+ 1 standard
error, o -
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" Table 4

AMMONIUM AND NITRATE CONTENT (p.p.m.) OF MARSH SOILS % 1 STANDARD ERROR -

Site Number __ | o | 7 o 7 | . 7
Dominant Veqetatibh a o Arrow-arum' _ Yellow.water lily ~ Sweet flag
Number of samples | - 1 | .1 | 1
| Soil Horxdzon . . A 0-10 cm - | X. 9.5 # .8 36.3 # 4,9
| 10-20 cn 37.2 & 5.5 | 124 .9 | 18.8 ¢+ 2.3
20-30 cm  33.8% 4.8 17,0 + 1.6 24.2 + 2.1
30-40 en 14,2 + 1.1 15,5 + 1.3 28.8 + 6.2
© 40-50 cm - 52,3 & 11.8 . 18,3 1.3 28,7 £ 2.8
| 40,2 % 20.0 15,7 & 3.9 20.8 ¥ 6.0
Site Number 5 5 '. 5 | 5
Dominant Vegetation o Arrow arum ‘Arrow. aFum . Yellow watexr 1lily  Yellow waterl 1ily
Number of sa.mpies’ ‘ 1 ' 2 1- - 2
Soil Horizon 0-10cn 18.5 % 2.4 11'.1} 23 11.6 £ ..1.6 36.2 ¥ 5,0
10-20cn 18.2 & 2.5 12,1 & 2.7  10.2 % 1.2 25.4 = 2.8
20-306m  17.1 % 2.3 17.2 % 2.3 10,7 ¢ 1.3 15,7 = 2.8
30-40CM  18.0 # 2.0 17.4 £ 1.9 14.3 # 1.5 11.4 £ 9
40-50CH 20,1 # 3.6 18.5 # 3.3 15,8 % 1.7 X

20,9 % 1.7 . 17.7 + 3.5 14.6 & 2.5 25,0 + 12.5
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Site_Numbex

Dominant Vegetation

5

5

 Reed conaxy grass Reed canary

5

Reed canary

5S4

Arrow arum

"Number‘gg.samgles" 1 2. 3 1
Soil Horizon | 0-10 Cﬁ.ls.i £ 1.8 10,2 1.9 18.1 % 1.8 20.7 + 4.6
10-20 om 16.3“3 2.7 . 24.9 + 2.9 : 27.5 + 3.5 31.9 + 5,7
20-30 crﬁ_ié.'r + 1..8_' 26.2 + "4.5 21.7 X 26.6 * 3.0
30-40 on 13.2 * 1.0 15.4 + 1.6  17.0 + 1.5 25.2 + 3,9
40-50 cn 19.3 & 1.5 X | 24.8 & 2.8 24.9 = 3.4
| 17.9 % 2.5 24.3 & 12,7 24,1 % 5.2 32,0 t 3,9
Site Numbex 5A 54 54 54
Dominant Vegetation -_Arrow arum .Sweet flag SWeet:flag Sweet flag
Number of samples 2 ‘l 2 3
So0il Horizon O-10em 21.9 & 2.3 21.5 ¢+ 2.0 28.6 ¢ 3.7 35;1 i. 5.6
10-20cm 21.5 % 1.9  30.5 + 10.3 ° 32.6 + 4.3 24.4 + 5,1
20-30cm 11,0 + | o7 53.2 + 13.2 41.8 + 7.5 24.3 + 3.6
30-40cn 34,6 + 5.4 37.7 ¥ 5.2 23.8 + 2.3 34.7 + 5.6
40-50 cn X 53,5 * 10,5 41.5 + 7,3 42.8 + 8,8
24,8 # 11,6  43.2 % 25.8  38.7 % 10.2 40 & 8.4
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Site Number o - - SA ' o A . 54

Dominant Vegetation B " Yellow water l,:i.lly ‘Yello_w waﬁer 1ily Yellow water 1lily
Number of _sa‘kmples‘ : . - 1 ' 2 3 '
Soil Horizen 0-10 ¢ 9.8 + 1.6 S 10.5 % 3.0 14.7 + 2.2
- 10020 on - 13.6 % 2.1 7.8+ 2.0 14,5 + 2.2
20-30 ¢ l14.o + 2.7 8.7 1.7 15,0 ¢ 2.2
30-40 em | 11.4 & 1.7 : 8,3 # 1,6 | 16.1 & -2.2
40-50 on 13 s 3.1 9.6 & 2.3 17.2 & 2.6
4.7+ 2.2 111 # 1.6 17.8 + 1.3
Site Number | , - 5B 58
Deminant yiagétatioxq | ‘Arrow arum Arrow arum Arrow arum
Number _<_>_§ ___Pa\.r_n_p_]_L__e__g | 1 | 2 3
Soil Horizon 0-10 cn 14.8 £ 2.7 . 16.5 & 3.0 13.8 & 2.0
10-20 cn 11.3 & 2.3 12.6 £ 2.5 16.2 = 2.7
20-30 cm 11.0 & 2.2 I 17.2 & 3.1 12.2 & 2.7
1 30-40 on 6.3 = 1.4 15.2 & 3.0 16.7 + 2.3
40-50 cm 7.7 & 1.6 8.8 % 2.1 15,3 & 2.6

12.2 # 3.8 16.8 £ 3,8 C17.2 ¢ 1.8
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5B |

5B.

Site Nuﬁibe_r 58 LA
D’on?inant Vegetation E cattail o cattail Sweet flag Arrow arum
Number.._q__f_ sampl‘es. -1 2 1 1
$0il Hor.{zon ~0-10 em 20,7 + 5.6 37.5 + 8.7 20,7 + 3.0
10-20 cm 30,7 * 5.6 43,0 ¥ 9.0 36,8 + 6,7 13.3 + 2.0
© 20-30 om 29,7 % 4.6 42-.;0'1' 9.9 32.2 + 4.8 9.1 + 2.0
' 30-40 cn 27.4 + ‘4.3 38,1 + 8.2 38,3 + 5.9 X
40-50cmn X % 4,9 40:4 = 7.8 52;8 t 7.8 5.8 & 1,1
34.6 + 2.2 49.6 + 2.8 46.3 + 8.7 11.3 ¢ 9.9
lSi‘ce Nunbex. 4a LA LA LA
Dominant Vegetation Arrow arum _ Cattail Cattail Cattail
Numbexr of samples | -2 1 2 3
So0il Horizon 'l 0~10 ¢n X X 41.8 & 3.5 23.9 + 3.0
10-20 on12.7 & 1.3  25.0 # 3.7 24.3 + 4.0 24.8 * 4.0
20-30 om19.1 * 1.7 25,0 + 4.2 22.3 + 2.8 x
30~40 Cm17.6 * 1.4  16.2 + 2.9 11.5 + 1.8 17.2 + 2.4
40-50 ©B 5,4 ¥ 9.0  14.3 * 1.6 X 11.5 + 5.9
14,9 ¢ 6.7 23,2 + 6.8 28,0 + 13.3 28.3 + 5.7
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§ite Nurber

Dominant Vegé.ta"t ion

Number of samples

So0il Horizon

0«10 cnm

10-20 em .
20»30 om -
30-40 ¢n

.40”50 cm

b

',Looséstrifg
i
X .
21.2 + 4.2
17.0 + 1,0
10.5 + 2.5
6.5 # .5
15.9 £ 7.8

4A
Loosestrife
2
24,5 + 6,2
20.2 + 2.9
16,1 + 2.7
11.5 * 2.2
X
21.6 + 7.2
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VEGETAT ION

Research in 1974 focused on the open marsh areas because we did
not have sufficiént personnel to cOntinﬁe our investigations of

. the forests and éhxub foresfs that were described in oux previous
.work (Whigham, 1974), We are hopeful that we will be able to
examine the ecological significance of the shrub Lciests at =

later date.

A. VEGETATION ANALYSIS

i. Introduction

A bonsiderable volune of vegetafion data was colléﬁted in 1974.

We have found a considerable number of discrépencies befween 

ouxr interpretafion of vegetétion patterns:and.the manner in

which vege%ation patterns are portrayed én the New Jersey Wet-

land Maps {N.J.D.E.P., 1972). We have des;ribed these-dissigi—
larities to officials of the New Jersey Departﬁent of Environmental
Protection and they have expressed concern about the:disc;epaneies.
They are presently w§rking with the contract company that produced
the maps in order to determine why the discrepancieé exist and

to correct them if necessary. We believe that this is anotherx

valuable contribution of our work.

2., Results . ' .
Vegetation of the forests, shrub forests, and open maxsh areas
was analyzed in 1973 (Whigham, 1974). Our interpretation of

the vegetation patterns has been modified since ourx first report.
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We interpret the marshes as being divided into four habitats:
{1) streams and stream banks - included in this category are -
drainage chamanels that connect-stréams t0o high marsh areas,

(2) ﬁigh marsh areas, (3) sectioné of thelmarsh thaf are.pondf
like at high tide and drained at-low_tidé? and (4) areas thatl
are continuously covered by water. Sever#l vegetation tfpes
exist in each habitat {Table 5 ). ,There ié much overlap between
the vegetation types and it is difficult to delineafe.between'

them.

High marsh areés (vegetation_typés 6,7,§,lo)hcover approximately
lB?_hectares_(Table 6}. Compared to those vggetation types,
others occupy a much smaller area. Vegetation types.dominated

by yvellow water 1ily ocqﬁpyl approximately 58 hectares. Cattaii'
and wild rice vegetation types occupy 19 and 24 hectéres xesbec~‘
tively. The-remaining vegetation types are minor compénents in

terms of thelr aerial coverage.



Table 5.
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OQur interpretation of major habitates
and associated vegetation type in the
Hamilton Marshes. Refer to Figure 2
for site locatioms. Dominant species
are underlined.
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HABITAT TYPE

{see Figure 2 for site 1ocatmon)

I.

II.

I1X.

%
Stream channels
(Site 5A)

_ Stxeam banks (exposed at low tlde)

(Site 5, 5A, 7}

pPrainage channels that connect streams.»

to high marsh areas
{Sites 44, 5, 58, 7)

High marsh areas
(Sites 3, 4A, 5, 5A, 7)

Pond~like environments that are
water covered at high tide and
exposed at low tide

(Site 4B)

1z,

13‘

14,

VEGETATION TYPE

Yellow water 1lily, wild rice, w1ld celery,

arrowhead, water millfoil

Yellow water 1ily, water hemp, arrowhead,

pickerelweed, water smartweed, wild rice

Yellow water 1ily, wild rice, pickerelweed,

water smartweed, water hemp

cattail (3 species), arrow_arum, sweet flag,

touch-me~not, tearthumbs, marsh mallow

Swamp 1oosest;ife, arrow arum, tearthumbs,
touch-me~not, marsh mallow

Sweet flag, arrow arum, tearthumbs, touch-
me-not ‘ '

Bur marigold, arrow arum, tearthumbs,

arrowhead, water hemp, touche-ne~not

Giant ragweed, arrow_arum, touch-me-not,

" ftearthumbs

Reed canary JLass

wild rice, bux marigold, sweet flag, arrow arum

Yellow water lily, pickerelweed, water smartweed,

arrowhead, wild rice,swamp loosestrife

Arrow arum, wild rice, arrowhead, water smartweed

Swamp loogsestrife, arrow arum, yellow water 1lily,
marsh mallow '

Cattail, arrow arum, water smartweed
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1

IV. Ponds that are continuously
water covered g
(Site 4C)

15,
16,

17.

18,

Marsh mallow, swamp loosestrife, arrow

arum, yvellow water lily

Yellow water lily, pickerélweed, Elodea, -

pondweeds, water smartweed

Swamp loosestrife, yellow water 1lily,

arrow arum, water smartweed, marsh mallow

Marsh mallow, yellow water lily, arrow

arum, water smartweed, swamp loosestrife
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Table 6: Aerial extent and total aboveground
production estimates for dominaunt
vegetation associations of theé Hamilton
Marshes.
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. ANNUAL

TOTAL
COVERAGE ABOVEGROUND FRODUCT ION

VEGETATION TYPE (HA) PRODUCTION ({T/HA) (1)

Mixed 137 9.1 1246;7'
Cattail 19 - 13z 250.8
Giant Ragweed 3 11.6 ' 34.8
Arrow arum 11 6.5 71.5
Spiked Loosestrife 10 21.0 210.0
Wild Rice 24 9.4 225.6
Yellow Water Lily 58 | 7.8 452.4

TOTAL 262 "X = 9.5 ‘

' 2491.8
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B. PRIMARY PRODUCTIVITY

1. Introduction

Using the vegetation scheme given in Table 5 ;‘we designed a
stratified random sampling procedure to»study primary production
5f marsh vegetation throughout the 1974-g£owing season. Fiéure
? and Table 1 show and list the.locations of our sample areas.,
Within each vegetation type, all vascular plants in ‘three émz

quadrats were harvested. The sampling breakdown was a follows:

Vegetation types Total number of Total number of
sampled quadrats samples samples collected
{from Table 5 ) " per sampling date during. growing season
Site 7 2,10,6 9 - 54
Site 5 2, 7,9 ° . 54
Site 5A 3,10,6,7 1z o 72
Site 5B 4, 6,7 12 AP 72 -
Site 4C - 1é 3 ’ . 18
Site 4B 12,11 9 54
Site 4A 4, 5,10 12 - 72
Site 3 2, 6, 7, 4 12 . 72
' : : . 468

All samples were returned to the laboratory where they were washed,

separated by species, and dried at 105°C.

2. Results

Seasonal primary production patterns of the entire marsh are
shown.in Figure 3 ., The data have been separated into two cate-
gories: (1) sites dominated by arrow arum and/or yellow water.
lily, and (2) all othexr sites. 7This separation was necesséxy
because of a bimodal production patterns foxr both arrow arum and
yvellow water lily. Hawving no intermnal dormaﬁcy ﬁechanisms, both

species grow dufing the winter whenevexr tempez:atuxfes are above



Figure 3.

" were divided into two categories:

35.

Aboveground primary production for all

study sites. As described in the text, data

{1) vegetation
types dominated by Nuphar advena and Peltandra
virginica, (2) all other vegetation types.
Numbers in parenthe31s represent sample size

(g/n? x10-2 = t/Ha)
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All other vegeidion
types '

Nuphar advena & Peh_cmdra virginica
vegelation types '
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190 210 230 250
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freezing for several consecutive days. Initial growth is very
rapid and both species assume aspect dominance throtughout the

marshes by May 30 {Figure 4}.

Average daily aboveground production fates wexe.4.6~11.4&§/m2
for arrow arum and 6.4;14.7 g/m2 for yellow water 1i1y_dﬁxin§
the period Aprii 25 - May 30G. For the period May 3Q’—lJune 20
daily-aboveground pxodﬁction Qalues were 7.9 - 16'g/m? for AYTOW
arum. During the remainder of June and into Jﬁly, the gtanding!
Crop of both species remained faixly consfént. JPeék bioﬁass

was measured oﬁ either the June 20th or July 19th sampling
periods. By mideuiy, leaves 6f Sotﬁ species began to die and
as a result the aboveground standing crop begaﬁ to decrease on
subsequent'Sampling dateé.. The decrease woﬁld have beeh.ﬁore
proncunced except that other spécies (moétly ?ickerelweed and
arrowhead) were still érowing and accounted for much of the
biomass. Site 4C (Figure 4)‘i§ the best examplé-of this_die~
off phenomenon. The area sampled is in a pond where the water
level fluctuates very little during each {ide cycle.':Yellow
water 1ily was the dominant species and it accounted for almost
100% of the_c:ovef= Other species in the area wereé submerged.
agquatics {water millifoil,‘waterweed, and pondweeds), Peak
aboveground biémass at Site 4C was 460 g/m2 {Figure AJIQ lThe-
standing crop remained fairiy constant until laté July when

the vellow water 1ily dieback began. Maﬁy leaves died natu-

rally while others were consumed by sucking insects. McCormick



Figure 4.

38.

Aboveground primary production of
yellow water 1lily (Nuphar advenad and

‘arrow arum (Peltandra Virginica) dominated

marsh sites. (g/m? x107%=T/Ha)
Refer to Pigure 2 for site locatidms.
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cited‘a similar die-off phenomenon in Oldmans Creek, a freshwater
tidal ﬁarsh in Salem County, New Jersey (Mccormick; 1972). In
most populations there was renewed growth during September that
lasted until the first heavy frosts. In one areé wheré yellow
water 1iiy.was coﬁpletely goné after the dieback.in 1ate.Ju1y,

we measured new abéveground gzowtﬁ éf 101;6,.2?8,4, and 366.0
Q/m?. Arxow arum alsp went through a die-off'perioﬁ.in July.

fhe diebadgbégan shortly after othex plants began to overtop

the ariow arum, ‘Because AXXrow aArum giowé best during the high
light regime of the.early part of the grbwing seésOn, it is ﬁos£
probable that.the species was unable to maintain a‘pOSitive
photosynthesis to respiration ratio undex the iow light conditions
that were ﬁresent when theiarrow arum was qvexlapped. Oﬁce-the
talier plants began to senesce, thus permitting'highex amounts

of solar radiation to reach the surféce'éf tﬁe maxsh, axxoﬁ arum .
préduced a new crop of leaves. In some areas arrow arum assumed
aspect dominance again. In the caée of yellow water lily, fhe
die~off didn't appéar to be caused by low 1light conditicns. If
late season growth is considered, the total aboveground yeérly
production would be estimated at 700~800 g/m2 for yellow waﬁer
1ily and arrow arum. This is an underestimate of total primary
production for both species since a portion of thelyearly net -
production is translocated to the underground stem where it is
stored, used for maintenance, or used in ﬁegetatiVe propogation.
A detailed presentation of the data used in Figure 4 is given

in Table 7 ., \ _ R
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Table 7

Abov‘eground biomasé for Yellow Water 11.1_5-; and Arrow arui. All values are means (g/mz) of
3 quadrats *+ 1, 8.E. X = no sample. Refer to Figure 2 for site locatlons. ' -

Yellow Water 1ily

site 7 5 ... .
ng 30 222 + 128 266 * 117 521 ¥ 74 460 + 57 - 248 + 14 X
* June 29 362 & 25 548 + 147 346 + 37 346 % 47 323 & 29 391 t 70
July 19 - 380 + 29 358 + 32 50l & 83 337 & 32 . 427 + 13 840 % 283
August 1~ 305 # 11 390 ¢ 67 332 % 59 251t S5 242 % 34 387 + 44

1+

September 10 361 % 146 419 % 134 201' 36 107 £+ 39 244 + 119 458 + 145

Arxow Arum

Site ' A s b ba 3

May 30 270 + 71 401 2 44 248 + 14 180 * 53 389 + 78
June 29 434 + 79 802 + 22 323 + 29 588 + 87 562 + 112
July 19 490 + 20 676 * 234 427 + 13 503 + 32 576 + 36
August ‘1 504 + 235 410 * 104 242 * 34 365 * 64 508 + 23
September 10 403 & 57 304 + 130 468 + 74 X 562 112

i
"
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In areas not dominated by yellow water lily of arrcw arum,

there was a Contiﬁual increase in aboveground ﬁiomass throughout
the grdwing season. Pealk biomass ;veréged,QSO g/mz_in early
Septembe? (Figure 3 }. The patterns of aboﬁeg:oﬁnd biomass
accumulation were differeni.for éaéh community'tfpe due to
differences in plant size and patterns bf seasonalipfimary

productiocn.

Areas doﬁinated by wil&.riCQ showed a iinear increase in
biomass throughout the growing season (Figﬁre 5 .ahd Table 8 :j,
Peak biomass varied between 659 and 1125 g/x_n.2 $nd daily produc-
tion rates in those communities wéré between 4;8 - 8.6 g/-m-2

per day. These values only accéunt for-aboveground biomasé.'
Wild rice has a root:shoot ratio that averages .25. .Adding

25% torthe aboveground.total ﬁroduction bidméés, wé egtimated
that the total production was between 800~31400 g/mz. These
values are comparable to the data obtained dﬁring the study

of wild rice that is discussed in pgé.]lﬁ»l@iof’this xeport.

In areas dominated by annual species {primarily bui marigold,
touch~me-not, and teaxthﬁmbs) primary-pxoductivity patterns
were similar to those found in wild rice dominated areaso‘ Peak
aboveground biomass was 756-1162 g/ﬁz (Figure 6 and Table 8 h),

This corresponds to an average daily production rate of between

5.8 and 8,9 o/m<.
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Figure 5. Aboveground primary production of
‘ wild rice (Zizania aquatica)dominated
marsh sites. Refer to Flgure 2 for
site locatlons. (g/m x107%= TfHa)
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Table 8,
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Aboveground production data for dominant
vegetation types in the Hamilton Marshes.
See Table 5 for a listing of species
found in each vegetation type

_'(g/m x 10-2=T/HA)
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1. Aboveground production in wild rice (Zizania aguatica) areas. Values are means(g/m

Table 4

o

of 3 replicate samples % 1, S.E. $8ee Figure2 for site locations,

%)

. Site
7. 54 4y La
May 30 222 & 77 310 + 24 290 ¢ 123 223 & 72
June 450 £ 72 442 & 101 401 + 45 451 % 53
July 463 + 75 561 % 172 441 ¢ 31 | 796 * 161
August 540 + 39 700 + 44 841 # 67 774 & 79
1125 % 218 659 & 74 835 + 224 729 # 94

September

II. Aboveground production in mixed'vegetation mostly bur marigold (Bidens laevis) areas,

Values are means of 3 replicate samples * 1, S.B., See Figure for site locations.
Site |
1 2A 2B

May 240 + 41 ©203 + 108 324 & 12

June 579 £ 117 432 + 65 547 & 132

July 629 + 168 492 + 53 581 & 43

August 635 ¢+ 91 X X

September 1160 * 289 756 * 86 1162 # 332
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CIII. Abovegrdund production in Sweet flag (Acorus calamus) areas. Values are means
of 3 replicate samples f 1, S.E. See Figure 2 fox site locations,

Site ‘
sh 5 5 3
Mag 0 450 2 110 .334 + 68 328 & 44 501
June’ A 452 + 36 . 624 + 120 764 % 272 712 + 258
July  ‘ 430+ 96 . 739+ 8L . 633 % 234 . 580 + 156
 August \ 722+ 41 711 + 175 830 + 8l a8+ 67
Septembexr - 596 + 72 46 + 300 896 + 89 418 + 38

L

IV. Aboveground production in Cattail (L. latifolia, T. angustifolia, and T. glauca)
areas. Values are means of 3 replicate samples ¢ 1, S.E. See Figure 2 for site
locations. ‘ ' :

Site
5B Ly 3
May ‘ 505 + 42 379 + 47 'X
June 939 + 257 1110 + 32 1528 + 103
July 1189 + 357 936 * 176 1502 + 250
August 932 + 234 %00 + 88 1212 + 25

September 975 + 161 963 + 78 1489 + 239
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V. Aboveground production in Swamp loosestrife {Lythrum salicaria) areas. Values.

are means of 3 replicate samples & 1, S.E. See Figure 2 for site locations. -

‘

Site
4A
May o o 419 + 147
June’ R 1059 leOO
July C 1014 + 82
August © 1505%
September | 2104 + 104

* No sample was collected due to fantastic bee population working on Lythrum flowerq.
The value was estimated by regression analysis of biomass against yearday (r = ,99),
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V. Aboveground production in Swamp loosestrife (Lythrum salicaria) areas., Values

are means of 3 replicate samples + 1, S5.E. See Figure 2 for site locations.

‘

WA
May . . 419 + 147
Jﬁne ' 1059 1 300
July 1014 + 82
August ~ 1505%
September 2104 + 104

* No sample was collected due to fantastic bee population working on Lythrum flowers.
The value was estimated by regression analysis of biomass against yearday (r2 = ,99).



Figure 6.
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Aboveground primary production of mixed
vegetation dominated by bur marigold
{Bidens laevis.) A1l values are means
{g/m?) + 1 standard error of the mean.

Refer tE'Figure 2 for site locations
(g/mé x 10~2 = T/Ha)
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A lipear 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.

Cattail and sweetflag dominated areas showed a.diffgrent pattern
of aboveground production, In both community types, there was
an initial spurt of growth followed by a slow néf accumulation -
throughOut the rgmainder of the growing seaédn.(Figures 8;9

and Table. 8 }. In both cases, the initiél abqveground
biomass was due primarily to those two species. Daily.above—
éround production rates in cattalil communities varied betweén
16.9 and 27.2 g/m2 (Figuze 8 ). By mid-June, the aboveground
sténding crop was 939-1528 g/m2 and it did not change signifi-
cantly throughout the remainder of the growiné season, This
pattem of growth corresponds to phenological characteristics
of cattail, The initial buxrst of growth is followed by the
reproductive period which lasts for the remainder of tﬁe growing
season. Three different cattail stand§ were studied and there

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

ated by the broad leafed speciles {(Typha latifolia}); while the

narrow leafed species (Iypha angustifolia) grew at Site 3.

The hybrid between those two species {Typha glauca) grew at Site

4h. The T. angustifolia site had consistantly greater biomass

than the othexr 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. All values are means (g/m?) =+

1 standard error of the mean. Refer

to Figure 2 for site location. .
(g/m?® x 1072 = T/Ha)
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Figure 8.
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Aboveground primary production of
cattail (Typha sp.) dominatéd areas.
A1l values are means (g/m2) + 1
standard error of the mean. Refer to
Figure 2 for site locations.

(g/m? x 10~2 = T/Ha)
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Figure 9.

" 56,

Aboveground primary production of
sweet flag (Acorus calamus) dominated
marsh sites. All values are means’
g/m?) of triplicate samples. Table
4 lists the same data and also the
standard errors. Refer to Figure 2
for site locations. ’
(g/m? x 1072 = T/Ha)
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High marsh areas dominated by sweet flag showed a pattern of
biomass accumulation similar to cattail. Like.arrew arum,
hoﬁever, sweet flag leaves went through-diebagﬁ in mid-summer.
Sweet flag is one of the first species to break do;m#écy in
the spring. R phencophases are initiated eariy'and
by July it is an insignificaht sgecies in the ovexéll physio-
gnomy of the high marsh areas, Due to its short stature
_(less\than lﬁ), most other.speéies ovértop sweéf flag by late
June. We believe that.the die~off éf sweét-flag-leaves is

“due to shading by taller plants. Evidence fb; this conclﬁsion
was seen near the end of the growihg season when the other
taller species began to-die or fall to the.maﬁsh surface. JAt
that time, sweet-flag had a second period of leaf gxowth. Peak
aboveground biomass in sweet flag dominated areas varied |
between 596-946 g/m? (Figure 9, aqa Table 8 },- During 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
abovgground production is: swamp loosestrifé, cattall, mixed
vegetation, wild rice, sweet flag, arrow arum; and yellow water
lily. We have data foxr twe other minor vegetatioﬁ types. A
population of giant ragweed was sampleé on September 10. Above-
ground net preduction averaged 1160 # 500 g/m2 with most of tﬁe
biomass being contributed by giant ragweed. Reed canary grass
formed dense, but small in total area, mats in séme high marsh

areas. We measured hiomass of 566 g/m2 in one population.
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Figure 3 summaxizeg the.pxoéuction data. The average annual
net p:Oductioﬁ for sites not dominated by arrow arum and yellow
water 1ily was G680 g/mzv Maximum aboveQIOdnd bioméss for the
latter two community typeé.is apptoximately SGOlg/mz per yéar{
If one considers the second period of leaf production that
occuré in those oommunities; the estimated yéarly ?roduction‘

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'éccount for pfd-
duction in the forests énd shrub forests. The COVeragerdata
for vegetation types was compiléd from the NQW'Jéﬁsey“Wétland
Méps. Cbmpariéon of this data with the breakdown.as repo#ted
in our 1974 study (Whigham, 1974) sﬁows the degﬁee of dissimi~
larity between our interpretation of vegetation pattern and
those shown on the New Jersey Wetland Maps. Higﬁ mafsh siteé
-dominated by mixed vegetation cover most of the Hamilton
Maxéhesa Yellow water 1ily dominated communities are the most
expansive in low marsh areas (streamé and ponds). We estimate
the total annual aboveground production in the marshes to be
491.8 tons of material and the average production rate to be

950 g/m<,
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C. NUTRIENT CONLENT OF PLANTS

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

during primary production.

Plants fxom the'productivity study are ground and aﬁalyzeé for
théi; nutrient content. _Tb.date, Qe haﬁe ground all of the
plants from two samplinngates. We are pre#entl% determining
nitrogen concentratiqns ih thoﬁe plants. Levels for the othex

racronutrients will be determined later.

Table 9 shows the contents of planfs analyzed thus far. ﬁrrdw
arum and touch-me~not contain more nifxogen than the other piant
species. As expected, the'grasges-(;eed caﬁary and wild rice)
contain the least. Oux values compare well with other reported
“data. Reported nitrogen values for cattail range from .9% to
3.6% (Harpe and Daniel, 1934) with nitrogen levels_in most other

Plants near 2.3%.

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

mécxonutrient uptake by the marsh vegetation.



61.

Table 9

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

Bux marxigold 2.43
{Bidens laevis)

"
N
N

sy

Sweet flag : 2.53
(Acorus calamus)

.30

e

H

Arrow arum . 3.59 .35

(Peltandra vizginica)

b

Cattail 0 2.44 3 .78
{Typha angustifolia, -
T. latifolia, T.

glauca}

Halberd tearthumb 2,30 + .27

(Polygonum arifolium)

4

53
o8
el

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

Reed canary grass : 1.73 + .32
{Phlaris arundinacea)

Wild rice .9
(Zizania aquatica) ‘

4

57
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D. MUD ALGAE

Studies are currently assessing the role mud algaé play in

the Hamilton Marshes. Working with the tép tw§ centimeters of
marsh soil, we.have estinmated mud algal sfanding.crop_using
chloxdphyll extraction technigues outlined by Golferman {1969) .
ahd modified for.our system, Sampleé are.collected”aﬁ two tdl
fouxr week intezrvals depending on tﬁe season using a nuﬁSer.ls
coxrk boier.. Between 19 and 33 samples are taken on each"sampl-ﬁ
.ing date from selected areas of fhe marsh including the stream

banks and regions dominated by" N_Q_;»haz:, Ziza‘h_ia, Typha, Lythrum,"

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

four réplicate samples are collected and the mean chlorophyll

and phaeopﬁytin values for each site are calcuiaieci from 't:_hese--. '
samples. Using these meén site values, the amount of'chlo£ophyll
and phaeophytin fof each vegetation.subdivision in the marshl

is calculated.

Figures 10-16 give the levels of chlorophyll a and its degradation
product phaeophytin foxr the first and second centimeter of the

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

Mean chlorophyll a levels in the top two centimeters of mud
show definite seasonal patterns and range from a high of 6.29

3

3 in early summer tc a low of 1.96 ug/top 2 cm” in

ug/top 2 cm
mid fall. These values are considerably lowexr than those reported
by Leach {1969) and Riznyk and Phinney (1972) for estuaxine

mudflats. Mean phaeophytin values always eXceeded_éhlorophyli
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Figure 10, Changes in chlorophyll a and phasophytin in the [irst and second centimevers ol rarsh
~ soil in Nuphar dominated areas from dJune 1974 through January 1975. The solid line .
represents chlorophyll a and the dashed line represcnts phaeophytin.

Top centimeter

Second centineter
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Figure 11. Changes in chloropkyll a and phaeophytin in the first and secosd ¢ bimeters of marsh
s0il in Peltandra-Nuphar dominated areas from June 1974 through Jamary 1975, The

solid line represents chlorophyll a and the dashed line represents phaeophytin.

First centimeter

Second centimeter
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Figure 11. Changes in chlorophyll a and phaeophvtin in the first and second necLimeters of marsh
soil in Peltandra-Nuphar dominated areas from June 1974 through January 1975, The

solid line represents chlorophyll a and the dashed line represents phacophytin.

Firet centimeter

Second centimster




Figure 12. Changes in chlorophyll & and phasophytin in the first and second centimeters of marsh
' 501l in stream bank areas from June 1974 through January 1975. The solid line
represents chlorophyll a and the dashed line represents phaesophytin.

‘Top centimeter . o o R Second centimeter

104 o - o A




Figure 13. Changes in chlorophiyll a and phaeophytin in the first and second centimeters of marsh
s0il in Typha dominated areas from June 1974 through January 1975. The solid line
represents ‘chloraphylf}l. a and the dashed line represents phacophybin,

Top centimeter R o o Second centimeter

124 | . S .




Figure 14. Changes in 'chlorophyll a and phaeophytin in the first and second centimeters of marsh
soil in Zizania dominated areas fromw June 1974 through January 1975. The solld line
~ represents chlorophyll a and the dashod line réepresents phasophytin.

To;ﬁ centimeter S | o Second centimeler
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Figure 15.

12+

Top centimeter

Changes in chlorophyll a and phaecophytin in the firﬁt'and gsecond centimeters of rarsh
soil in mixed vegetation dominabed areas from June 1974 through January 1975. The
solid line represents chloropnyll a and the dashed line repréesents phaeophytin.
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Figure 16. Changes in chlo}ophyll a and phaeophytih in the first and second certimeters of marsh
soil in Lythrum dominated areas from June 1974 through January 1975: The solid line
.. represents chlorophyll a and the dashed line represents phasophytin,

Top centimeter | - ' Second centimeter
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Figufe 17.

70.

Changes in chlorophyll a and

. phaeophytin concentrations in the

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

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

.Mud algal standing crop appears to be inflﬁenced by the doﬁinant
vasculay plant commuhities in thé.maISh.. Areas dominated by.
yellow watexr lily consisteﬁtly have chiorophyli a 1e§els'greater
than mean values while high marsh areas domiéated by mixed
vegetation (bur mérigold ana others) have chlorophyll a values
below the mean. This relationship appears to be a function

of differences in soils in.the maxsh.. Silty sand soils of low.
organic cohtent (about 15%) found in the yelloﬁ water lily_areas
provide the best substrate for algal growth and silty cléﬁ s0lils
of high organic content {25-50%) found in the mixed vegétation '
and cattail communities providing the pporest substxate; Shading
by the higher plants aléo influences algal standing croﬁs with
the highest values occurring in ghe spxring and,early‘summer
while the vascular plants are still relatively small. As the
higher plants grow, chioropﬁyll a values decline’and phagophytin

levels rise correspondingly.

Peak algai biomaés for the marsh, (Figure 18 } estimated from
éhlorophy;l a values using Wetzel's (1969) factor of 60 for
conversion of chlorophyll'a to oxrganic matiter in non-nutrient
limiting environﬁents, was 37,7 kg/Ha,.which was two to three F
orders of magnitude less than the baak biomass of the wvascular
plants. Nevertheless the mud algae cannct be overloocked. They
a¥e the only functioning producers in the marsh for almost eight
months of the year and Gallagher and Daibexr (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, (Kg/Ha) 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 wvalues .
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annual production in Delaware Riwver 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 plants.in the Hamilton Marshes are annuals
or perennials whose aerial parts die with the onset of wintex.
.When the annuals die. and when the aboveground portions of
the pgrennials are killed, a txemendous.quantity of'bibgass
(Table g ) is deposited on the marsh surface. Onlyéa small
amount of biomass is Qrazed by herﬁivores during the growing
season and that amount is minimal compared to the total biomass ~

‘that is deposited as litter.

The decomposiiion of litter is a necessary process in the
cycling of nutrxients and the rate of decompoéition determines
the rate at which the important minerals are made available

for use by living organisns. Part of the litter that reaches
the marsh surface is used as food.by a community of ﬁicroorgan-
isms. These organisms colléctively belong to the detritus food
chain of the marsh ecosystem. Yo the process df utilizing theﬂ
energy in the litter, minerals are feleased. These are either
uéilized directly; stored in the.soil, or removed by tidal waters.
Water accelerates the decomposition process by producing condi-
tions favorable to the organisms in the detritus food chain.
Much of the litter is converted to detritus during the decompo-
sition process. Detritus is finely divided organic'matter in a
partial state of decomposition. What happens to the litter oﬁ
a yearly basis? If it is not all mineralized or exported as

detritus there will be a net increase in the amount of organic
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matter. If all of the litter is mineralized or otherwise
txansported from the marshes, there will be no build up of
organic matter, The purpose of the iitter decomnposition study
is ;o determine the dynamics of litfer remineralization for
several marsh piants and to predict the féte_of the approxi~

atter that is annuallv

LS 351

-

'deposited on the marsh suxface.

METHODS

Deéomposition is being measured by'setting out nylon bagé

that contain measured amounts of dried plant material.‘ The

bags are collected monthly and the amounf of material remaining
is determined. We are studying decoﬁposition rates of three
species. Wild riece is aﬁ example of a dominant annual species
and, being a grass, it contains a large amount of inorgaﬁic maftéx,
moestly silica. Bur marigold is another dominant that is being
studied. It is an example of a species that is'not a grass, yet
it has a large amount of schlereﬁchymatous 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 axe laxge, leathery, and mostly water. Yellow wateﬁ 1ity,
pickerelweed, and arrowhead are other species that possess this
type of leaf. They all have very little haxad nechanical tissue

in the leaves.

. For eacn species,iapproximately 10 grams of material was placed
into each litter bag. For each species, 24 litter bags werxe

placed at each of four-logations {Figure 2 and Table 1 )e The
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total number of litter bags used in thé experiment was 283.
Duplicate samples of each species are-beiﬁg collected fxom each
site monthly. Becaﬁse of siltation, the bags are gently washed
upon return to the laboratory. They are then.oven'dried at

105°C and the dry weights of the reméininé litter determined.
RESULTS

The decomposit&n study began iﬁ'October and five mon%hly collecfions
have been made. Results of the study are shown in‘Figure 19..
Foxr all spécies the Iaté of dec0mpoSi£ion was'hiéhest duxiﬁg.the
first month, ébqut 30% weight loss for wiid rige, 50¢% for a;rbw
ayum, and 35% for bur marigold. Except foxr wild riée at sités
4A and 4B, weight loss was more than 50% occurred dﬁring the
first three-months. Boyd (1970) and de la Cruz (1974) have
ascribed the initial rapid rate loss to soclubilization and leach-
ing of substances. The succulent ieaves of.arrow arum decompose
faster than either wild ricelor bur ﬁaxigold- To date,‘there
appears to be no significant differences in decomposition fates
between the four sites, althouéh wild rice has decompose& faster
at Sites 5 and 5A and bur marigold and arrow arum lost more
weight at Site 4B bétween the second and third months. .Fxom our
observations and the results of the experiments, we pfedict that
almost all of a given years pxoduét is decomposed by the beginging

of the next growing 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 2re shown on
Figure 2.
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DETRITIUS TRANSPORT

Introduction

A very 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 also linked to water movement within Crosswiéks Creek. During

each ebb tide, water flowing in Crosswicks Creek moves directly

toward the Delawaxre and does not, at that tipe, affect the marshes.,

The influence occurs when the tide reverses and Crosswicks Creek
water is distributed, in addition to Delaware River water, through-~

out the maxshes.

Much of the material that ﬁoves 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 élso
the chief energy link between the marshes and the Delaware River

and, eventually, Delaware Bay.

The purpose of this study is(1l) to determine the physical make-up
6f detrital materials that move into and out of the Hamilton
Marshes, (2) to determine the.levels of yearly variations in
detrxitus concentrations of water imported and exported frOm the
marshes, (3) to detérmine if there are any seasonal variations in
the movement of detrital materials, and (4) to calculate a yearly

balance of detritus movement in the maxshes.
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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 littex decomposition)? Is a portion of

it lost from the mérsh as detritusT

Methds

We have adapted the techniques_used during a study by scientists
of the U.S. Enviromnmental Protection Agency (Carter et. al., 1§73}.
Three sampling locations were established (Figure 2 and Table 1 ).
Site 7 permits us to sample detrital movement int% and oué of the
marsh area north of the Route 206 bridge. Site 4 enables us to
determine the movemeht of detritus into and out of the northern
section (all areas between Site 4 and Spring Lake) of the marsh.
At Site 2 we can monitor movement into and ocut of the entire

marsh with the exception of a small portion of the marsh that ié
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~-

essaxry 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 surxface. -The material remaining.in the
sievés (U.S. Standard #50 (207 microns) and #230 (63 microns)

was transfezred;to labeled bottles and returned to the laboratory
for analysis. Two bottles (one liter each) of filtered water

were also collected and retprned to the laboratory for proceséing.

The detrital fractions collected on the two sieves were analyzed
for dry weight., A third detxital fraction was collected by
passing replicate samples of the filtered water_through a .8
micron millipore filter. Dry weight determination is also carxrried
out on this nannofraction. Concentrations (mé/l) of the three

site fractions of detritus are then calculated.

In order to determine the total amount of detritus moving. through
each station, additional data is collected. Stream velocity is
determined at 20 cm and 80 cm depths with a Pygmy Cu:fent Meter,
Water depth at the time of sampling is measured. Using the depth
readings and c:oss~section§1 diagrams of each station, we are
able to determine the cross-sectional area of eachlstation'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
20 . More detritus moved through Site 3 than either Sites 7
or 4. This.would be expected since detritus movihg fhxough

P |
(3 A 8]

e
Fh
Fie

Site 3 during flood tide would be partit ntc varicus sections
of the marsh. Comparing Sites 7 and 2, slightly more detxitus

was measured moving past Site 7 during flood tide.

During ebb tide, water passing through-site 7 and 4 carxy
materials from separate large sections of the.marsh. One would
expect that the total -amount of detritus moving ﬁast th@sg two
sites would be approximately equal to the amount measured at
Site 2., Figure 20 shows that was the case during the first

four months of the study,

Except for Decembex, there was a greater amount of suspended
material moviﬁg into the maxsh-from the Delaware River than
moving out of the maxsh duxing ebb tide. December samples were
collected shortly after a heavy rainfall. As one might expect;
there would be a-considerable amount of sediment moving in
Crosswicks Creek from upstream areas, Figure 20 shows that m&re-
matexrial moved through Sites 7 and 2 during ebb tide than was
returned during flood. It ié also apparent that the increased
detrital load was not generated within the maxrshes. More material
moved through Site 4 during flood tide than returned during ebb
tide, Again, this would be expected bécause most of the water

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
Marshesg. See Figure Z for site
locations.
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of the marsh is tidal water. As a result,-ﬁe would expect.

leés material to move ocut of those axéas during ebb tide than

moves in during flood tide. This relationship should-h§1d\even
during pexriods éf peak flow in the Delaware River and in Crosswicks

rools
LreeK,

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 ,1967 and Carter et. al. ,1973)

have obtained 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 compaxe the data
on an ash-free basis., A portion of the suspended materals that
we measure contains phytoplankton and zooplankton and inorganic
sediment. We especially need to know how much of the detritus

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



Figures 21-23.

83.

Particle size distribution of
detritus samples at sites 2,4, and 7
respectively,
The size fractions are: .
N = Nannofraction (.8-62 microms)
= Small fraction (63 - 296 microns)

S
L = Large fragtion.c+ 296 microns)
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aspect of our study and preliminary data show that the amount
of organic matter in the suspended material is usually between

50 and 85%.
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WATER QUALITY

Introduction

Except for Granf and Patrick'é (1970) study of Tinicum Marsh,
little information is available on seasonal changes in water
quality in freshwater tidal marshes. Such data are important
if we afe to understand the functional pIOCeSSeS.that occur in
freshwater marshes. So that the role selected water quality
parameters play in the Hamilton Marshes caﬁ be éetermined,
studies were initiated in June 1974 to monitor several chemical
species,_including(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 eleven
sites encompassing the majoxr marsh habitats, Thesé areas:include
Sites 1, 2, 6, 7, and 8 in the main channel of Crésswicks Créek,
Sites 4A, 4B, 4C, and 4D in Watson Creek,and the Rowan Lake area,
and Sites 5 and B5A in the side chamnel 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
occéssioné, 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 a horizontal 2 liter

Dorn water bottle is used. To insure that samples are collected
as close teo slack water as possible, Sites 2, 4, 5, 6, and 7.
located on Crosswicks'Creek-and accessible'only.by boat were
collected by one team whi1e a second team collected.Sites 1,

5A and 8 which are approachable from land. Because:slack.
water occurs later at Sites 4A; 4B, and 4C, they are visited
after sampling is completed at the other sites. About one and
one half hours elapses between the iniatiom of saméling and

delivery 6f the samples to the laboratory..

The foilowing ﬁarameters are measured at each station: dissolved
oxygen, carbon dioxide, total alkalinity, reactive ﬁitrate,
reactive nitrite, ammonia (plus amino acids), reactive.phosphate
and total ﬁhosphate, 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 polyethylene.

bottles.

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

nitrates within six hours. Phosphate samples'are frozen for

later analysis. lAmerican Public Health Association (1971) procedures
‘are followed for analysis of carbon dioxide, total alkalinity

(methyl orange), and dissolved oxygen (2zide modification of the
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sténdard Winkler-ﬁethod). Reactive nitrate; reactive nitrite,
and ammonia (plus amino acids), and reactive phosphafe are
analyzed following the methods of Stribkland and Parsons (1968).
Total phOSPhatelis.analyzed accoxding to pfocedures given by
Menzel and Corwin (1965). Temperature is méasuréd 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 for-_ each sample
date. Several trends are apparent from the data. At those sites
downstream from the Hamilton Township Sewage Treétment Plant
effluent pipes (Sites 1, 2, 4, 4A, 5, 5A, 6) oxygen levels are
almost always higher at hsw than they are a lsw, Site 7 located.
ub streém from the 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, fluctuw

ates little between hsw and lsw,

All sites display expected seasonal trends in dissolved ongen
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/l throughout the summer and at Site 4C less than 1 mg/1
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Figure 2. Changes in dissnlved oxygen from June 197l through Janmary 1975 at Sites 5, 54, 7, and 8,
Selid lines represent morning high tide valnes and dashed lines represent afternoon low
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Figure 25. Changes in dissolved oxygen from June 197} through Jamary 1975 at Sites 1, 2, and 6.
Solid lires represent morning high tide valves and daghed lines represent afternoon low
tide values, : :
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Figure p4 Changes in dissolved oxygen from June 1974 through January 1975 at -Sites 4, LA, 4B, and LC.
‘ Solid lines represent morning high tide values and dashed lines represent afternoon low
tide values. ' .
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oxygen was found on three occassions,. Lsw summer okygen levels

at Site 4A averaged about 2 mg/l less than at Site 4 and Sites

1, 2, and é on Crosswicks Creek. Site 5A located at the confluence
of a large section of higﬁ maxrsh héd»Consistently lowexr oxygen
concentrations duxihg the summex than Site 5 locate downstream

neaxr {xesswicks Creelk.,

Pburing the late fall; Sites 4B and 4C oxygen levels inpxeased
rapidly, but still remained sbmeWhat lower than at other sites,’
Both Novembexr and December oxygen levels were 1 to 4 mg/l_higher
at thé affernoon lsw than at the morning hsw. At site 5A, the
Yeverse was seen with oxygen levelé about.z mg/1 lqweg.at the

lsw than at hsw.

Figures 27-29 give the carbon dioxide levels for each sample
date. Carbon diokide levels arxe consistently higher at lsw than
at the moxning or evening hsw at Sites 1, 2, 4, 4A, 5, apd 54,
and 6. Differences were particularly appaxent at Sites 5 and 5A,
where lsw levels are genexally at least 10 mg/l 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 1évels
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 197h through January 1975 st Sites 5, GA, 7, and 8.
, Solid lines represent morning high tide wvalves and daqhnd lines repressnt afternoon low
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dioxide. All siteé located downstreém from the Hamilton Township
Sewage Treatment Plant effluent pipes on either Crosswicks Creek
(4, 4A, 5, 5A) had lowexr oxygen and higher carbon dioxide levels

at lws than at hsw. . In the case of Site 6, this undoubtly reflects
the influence of the.effluent from the sewage treatment piant. “
In the case of 4,.4A, 5, and 5A these differences reflect the
metabolic process of the marsh itself because the effluent is not
accessable to these sites as the tide ebbs. Sites 1 and 2 reflect
the combined effects of the sewage effiuent and the nmarsh, aithough

the impact of the sewagé plant is probably greater.

The different habitat types in the marsh have distinctly different
effects on carbon dioxide and oxygen. Site 4B and 4C which are
distinectly pond-like are almost depleted.of oxygen and have vexy
high carbon dioxide levels during the summer months, but as the
mgrsh vegetation dies in the fall, oxygen leve1s rise dramatiéélly
while carbon dioxide levels decline. In November.and December
when the vascular 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 Rhizoclomium
that develops after the rooted planté dieback and at Site 4C it
is due to blooms of diatoms and Spirogyxa. Site 5A which is down-
stream from an extensive area of high marsh displays a different
pattern of response, Here oxygeﬁ levels axre 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 dxamatié
as in the pond-like areas. In October and November,.however,
carbon dioxide levels rise noticably corresponding to the period
of rapid dieback of vascular plants at the site. This dieback

is followed by a rapid decomposition of vegetation asréhown,in

Figure 19 .,

It appears the dissolved oxygen and carbon dioxide levels at Site

8 are minimally affected by the movement of the tide, probably -
because little effluent from the sewage plant actually reaches

this site. Oxygen and carbon dioxide levels at Site 7, except fox
somne depression of dissolvgd oxygen.in August and September,fappeax
to ciosely parallel those of Site 8 suggesting that the effluent
from the Hamilton Plant exerts little influence on these parameters

at this site.

Nitrate, Nitrife, and Ammonia

Figures 30-32 give reactive nitrate éoncentrations for each sample
date. Nitrate levels were very low at_Sites 4B and 4C throughout
the summer and early fall. At Site 4C, nitrate levels began in-
creasing in October and climbed steadily. At Site 4B, nitrate began
increasing in November, but the lsw levels remained substantially
below_hsw concentrations unlike at Site 4C where lsw values patalw
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.
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Figure 31 . Chanres in nitrate-nitraren from June 197h thronsh January 1975 at Sites 1, 2, and 6.
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Site 5A 1lsw nitrate values were at least 20 ug/l'lower.throughout
the summerlthan were the high tide concehtration5¢l A similar, but
more variable pattern of nitrate values was also seen at Site 5.
This pattern reverses itself duxing the fall wi#h lsw nitrate
levels being higher than hsw ievels. 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
orx lsw; Interestingly,.site 7 which is between Sites 6 and 8 has
remarkably similar 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 pg/l during the summer
and by early fall they had declined‘to less than 2 ug/l at all sites.
Atlsites 4B and 4C, nitrite levels were virtualiy always less than

2 ug)l. Only Site 5A and to a leéser extent Sites 4B and 4C showed
consistently lowgr nitrite values at lsw than at hsw in the summer
months, Sites 1 and 2 located downstream from-thélsewage treatmeht“
plant usually had higher nitrite concentrations.at'lsw during the

sSummer .

Ammonia (plus amino acids) concentrations for each sample date

are given in Figure 36-38, Except for two hsw values in No?ember

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

concentrations generally are considerably higher being very similar
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Figure3s . Charges in nitrite-nitvogen from June 197 ﬁﬁraugh Janvary 1975 of Sites 1, 2, and s,
' Solid linns rvepresent morning high tide valuss and daghed lines represent aftermoon low
tide values. : :
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Figuress . Chongen in nitrite.nitvopen from Jwie 197} “himugh Jamary 1078 at Tites L, LA, LB, and LC.
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Fizure 37, Cﬁmgos in srmoriz-nitrogen (plus some amino-paid nitragen) from Jime 197L ihrongh Jaruare 1975
at Sites "1, 2, end 6.  S01id lines wepresent rmoxming high tide values ard Adashed 1lines
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Figure 38, Changes in armonis-ritragen (plus some smino-anid nitrogen) from June 197L +}~ron~‘n Jﬂnu':-r-y 1975
' at Sites L, LA, IB, & hC., Sn1id lines represent morming hio'h tide valves and 6z==:%ed lines
represent afternson low tide values. . _
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to those found at Site 2. Excepf for two dates in mid-summer
ammonia levels were also very low at Site SA during the summer

at lsw, but rose dramatically iﬁ 6§tober and have remained at
around 80 ug/l since then. similar trénds are dso seen at Site
5. Low values (20 ug/l or less) with no obvious differences
between hsw and l1lsw 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 lsw than at
ﬁsw. The reverse of this pattern with high ammonia values at
hsw and much lower levels at lsw are seen at"Site 7 upstream from

the effluenf pipes.

Site 8 locéted up stream from the marsh on Crosswicks:cfeek

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

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

The influence of the Hamilton Sewage Treatment Plant is seen at
the sites downstrean f;om Site 8lglong Crosswicks Creek. Here
changes in ammonia nitrogen with the tide are particularly dramétic.
At Site 7 upstream from the effluent pipes ammonia concentrations_
are narkedly 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 less dramatic
pattern occurs with the nitrate and nitrite at Sites 1 and 2,
apparently reflecting the oxidation éf ammonia to these forms as

it travels downstream at ebb tide.
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”During fhe_suﬁmer, considerably more nitrate, nitrite, and ammonia
are present at hsw than at lsw at Site 5A. During.the fall and
early winter, this difference disappears, but interestingly less
nitrate and ammonia are present at lsw than at hsw at Site 5
downstream fiom Site 5A during this period. it ﬁould appeax from
-thesé;data that during the summer, the high mafsh areas upstream
from Site 5A are assimilating nitrogen and that this_is being .

‘rereleased during the fall. .

In thedpdnd«like areas of Site 4B and'hc,;allzforms of nitrogen

are low through the summer and only nitrate shows any significant
buildup during the fall and winter. This buildup appears to occux
rapidly as the xooted vascular plants dieback. In fact, the
substantial quantities of nitrate and ammonia present at Site 4A
downstream from these sites never Appear.to reach Sifes 4B énd 4C'1
during the summer, Lsw values at Site 44 arxe virtual}y always
lowexr than ﬁsw values reflecting the paucity of nitrogen leaving
the pond-like areas of 4B and 4C-during the summer. An interesting
difference in nitrate levels appears between 4B and 4C during the
late fall, At Site 4C nitrate values are about the same at lsw

as they are at hsw, but at Site 4C they are ﬁuch higher at hsw
than at lsw. The major difference between the-fwo sites is a

lush growth of Rhizoclonium at 48 which develops after the rooted

vascular plants have died back. It would appear that perhaps 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 1eve1§ during the study
period. Sites 1, 2, 6, and 7 on Crosswicks Creek show large
differences between hsw and lsw values with hsw values 5eing
reater at Sites 1, 2, and 6 below_the effluent pipes. The
highest phosphate vaiues occur at Sité 6 immediately below fhe
effluent pipes. Sites 4 and 5 in major tributary channels of
Crosswicks Creek_sﬁow little fluctuation with the tide. .pikewise'
Site 8 véries little with the tide. SitélsA phosphéte levels are
considerably higher at hsw than at lsw ﬁith the lsw values being
much lower than those downstream at Site 5. Phosphate 1eveis at

Sites 4B and 4C are always low, even when hsw levels at Site 4A

are relatively high.

The major influence on reactive phosphate levels appears to be

the Hamilton Township Sewage Treatment Plant. Depending on whethef
the tide is flooding ox ebbing Sites 1, 2, 6, and 7 show markedly .
highér phosphate levels than other areas of the marsh. The majc.;nr
exception to this xule is Site 5A where phosphate levels are also
usually high at hsw. The high values 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 hgw. 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. Chanyeo in reactive phosphate from June 1974 ihrough January 1975 at Sites 5, 54, 7

and 8. Solid lines'represent morning hlgn tide values and dashed llnes represent
afternoon low tide values.
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Figure 4O. | Changes in reactive phosphat ¢ from June 1974 through January 1975 at Sites &, LA, 4B,
, and 4. Solid lines represent morning hlgh tide values and dashed lines represent
afternoon low tide values,
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General Conclusions

The major influence on the surface waters in the Hamilton Marshes
is the Hamilfon Sewage Treatment Plant, 'This'iﬁpact is noticed at
hsw at Site 7 above the effluent release point and at Sites 1, 2,
and 6 downstream from the release point at lsw. All these sites
are on Crosswicks Creek, Site 8 on Cros#wicks Creek at the uppex
end of the marsh is little influence by tidal action and coﬁsequ-
ently is minimally affected by the sewage effluent. Sites located
on major side channels of Ciosswicks Creek appeaxr to be largely
unaffected by the sewage plént, particularly at lsw, Sites 4B
_and 4C which experience tidal fluctuations of only 20«50 cm axe .
distinctly pond-like. At these sites water quality parameters
behave as they would in very productive non-tidal ponds with
suﬁmer oxXygen and nutrient depletion and high carbon dioxide levels.
During the winter, oxygen levels are markedly higher and show

siurnal variation due to algal production. At Site 4B this is due

t0o Rhizoclonium and at Site AC it is due to blooms of mixed diatoms
and Spirogyra that develop as.the higher vascular plants dieback.
Interestingly at these sites niirate levels increase markedly in
the fali, but phosphate levels remain depre;sed. 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 5A 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.phosphate levels appear to follow a éimilar 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, but during the fall carbon dioxide levels change

narkedly paralleling the dieback of rooted vasculaxr plants.

Blum ‘(19.68, 1969), Aurand and Daiber (1973), Arelrad, Bender and
Moore (1974), and othexrs have suggested that braekiSh-watér fidal
maxshes may act as nutrient sinks and Grant and Patrick (1970}
have suggested a similar role for freshwatex tidal.marshes. Oux
~data suggest that the high.marsh areas may be acting as a nutrient
sink during the summer months and that perhaps pond-like areas of

the maxrsh may be playing a similar role in the winter.
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AUTECOLOGICAL STUDIES

A long range objective.of our studies is to deteﬁmine.écological
life histories of the dominant.marsh plant'SPeéies. Information
of this type will be invaluable whenever decision; are-beiné
made concerning the tolerances of those species to perturbations
ie: dredging, filling, and other types of management proceéses.
This section of our report deals with three-sﬁudies_fhat have
alreédy been undertaken. " The research on wild ricé was done by
Dennis Whigham and was sﬁﬁported by a Faculty Research Grant-in-
Aid from Rider College, The second.and third studies are edited
reports of independent research projects by Rider College Biology

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

Dennis ihighanm

INTRODUCTION

Wild rice is a member of the grass family (Poaceae) that
grows in brackish to freshwater maisheé, lakes, ponds, and
slow moving streams along the coast from southeéstern Cana&a
to Florida aﬂd Louisiana. Inland it occurs in noxtﬁern New
York State and from western Lake Erie into Wisconsin and
southern Illinois (Dore, 1969). In New Jeréey, marshlands in
which wild rice is dominant or abundant occuxr mostly.in the
southern part of the State (Robichaud_aﬁd Euell, 1973). It
is most abundant aloné streams and rivers thﬁt empty into the
Delaware Bay and along streams that empty into the Delaware

River.

Until xecenfly wild xice was one of the dominant plants inm southern
New Jersey maxéhlands; Robichaud and Buell (1973) stated that
good stanas can now only be found as far north along the Dela-
ware River as Rancocas Creek. . A preliminaxy survey of the
northerﬁ ﬁost,freshwater tidal maxrsh along the River (Haﬁilton
Marshes) (Whigham, 1974) showed that the wild rice was widespread
and abundant. The present sfudy was ﬁndertaken to determine

the distribution, abundance, and primary production of.wild rice

in the Hamilton Marshes.
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METﬁODS

Wild rice populations were surveyed during the'spfing, summer,
-and fall of 1974. Several p0pulations_(Figure 2 and Table 1 )
were selected for intensive study. On each sampling date, 3
quadrat (%mz) were harvested from each pOpulation.- Entixe
plants were removed by hand and I estimated that our'ﬁamples
contained approximate1y 95% of the root biomass. Rogosin_tlgss)
and Bray et. al. (1959)lhad similar experiences in sampling
wild rice. Specimens were ieturned to the laboiatoxy where

they were washed and then-dxied at 105°C fér at least 24 hours}
Shoot and root portions of each plant'weré weighed individually.
Inflorescences were harvested near the end of tﬁé gfowing season
and the number of seeds cduntéd. 'Eetween April ;5—18, permaneﬁt
quadrats were established throughout the study areas and counts

were made of wild rice seedlings.

RESULTS

Most wild rice populations are located in 3 areas of the marshes.
. The largest populations occur in the Rowan Lake section. Popu-
lations were found along the stream and on the adjacent marsh
areas that connect Rowan Lake and Crosswicks Creek. The second
area of concentration is near the Hamilton Township Sewage
Plant. 7The third concentration of wild rice ijis in thé area of

the marsh upstream from the Route 206 bridge.
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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 lily (Nuphar

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

Cannﬁbina) and water smartweed (Polygonpm punctatum). Wild rice -

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

yvirginica), bur marigold (Bidens laevis), 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 1lily is
dominant and associated species- are water smartweed, pickerel~
weed, and waterhemp. The third major habitat of wild rice ds
areas that are pond-like at high tide and drained at low tide..
At high tide the water is approximately 1-2 feet deep and those
areas are water covered for much of each tide cycie. 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 report is

representative of this type of habitat).
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Phenologzl

Wild rice has a relatively long period Qf'vegetﬁtive growth
followed by a sudden transition to the flowering and fruiting
phenophases. Germinéxion occurred duxing the last week of
April at all sites and most individuals senesced in‘August.
The flowering phencphase begén during the 4th week of July.
and continued until mid August. Most seeds were shed by the
third week in August with tﬁe majoiity-being dislodged by wind
and rain in late Jqu and early August. McCormi.ck (1972) has
lélso reported that there is much physicai damage donelto wild
rice populations during summer wind and rain storms. Dore (1969).
has élso repoxted that seeds are easily dislodged. A#most all
individuals had died by the 3r§ week in September and the re-

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

Seed Production

The vast majority of plénts (98.7%) produced one inflorescence.
The average numbex of seeds per inflorescence was 655 t 193
{N=20) and the average density of seed bearing plants was 57 x

104

+ 28 x 104 per hectare. Estimated seed production was 373 x
100 seeds/hectare. wild rice occupies approximately 24 hectares
in the Hamilton Marshes (New Jersey Department of Environmental

Protection Wetland Maps‘1972)'and the estimated total seed pro-

duction was 9 billion.
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Seced Mortality and Seedling Establishment

Many wild rice seeds axe carried away because they float freely
until they become waterlogged (SCulthropé,-1967). Others |

~ becane iodged near the point of réleasef Dore (1969) on the
dther hand has reported that seeds immediately sink and are sub-
sequently 10dgedﬁéa£the.paxent plant. Many seeds were consumed
by birxds, especially redwing blabkbirds; When the fruits were
maturing the birds'weré observed to consume wiid rice seeds.
Sculthrope (1967) has stated that wild rice sééds are ﬁaluable
food for ducks, eoots, geese, and several other types of water—‘
foﬁl. The net affect of seed predation,.feﬁoval of seeds by
tides, and the covering of seeds by sediment and littef during
the winter is that one would expect that only a smail perbenfage‘
of one years seed crop would survive. Seedlings counts made -
shortly after gérmination substantiates this assumption. Twenty-
four permanent quadrats'were saﬁpled 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
suxrvival of a few individuals is common among annﬁal 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 likely due 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 wild rice (Zizania
aquatica) populations. All values represent
mean number of individuals/m%i 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 were eaten by.
muskrats that are plentiful in the marshes. Mortality late

in the growing season was-due.to deétrucfion of the large
repfoductive plants by'wind and rain. In some cases the plants
were not killed but simply lodged onto the ground where they
‘continued to grow in the proﬁe postion. Mccbrmick (1972) has
reported a similar phenomenon in the freShwa{er.tidal marsﬁes .
along Oldmans Creek in Gloucester County. Plants ét Site 5B
(2 populations) were destroyved by a storm in July. The size
of the wild rice populations in the maxshes-appéars to be_-
controlled primarily by seed mortality and by mbrtality'duxing

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 éf thé net primary
production. By June 1, root:shoot ratios started to drop indi-

cating that after the initial establishment of the seedlings
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Figuxe 43. Seasonal patterns of the partitioning
of net primary production between roots
and stems in wild rice (Zizania aquatica).
Refer to Figure 2 for site locations.
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most of the net production went into shoot.growth, Root:shoot-ratios
remained approximately 1:3 during the remainder of the growing season.
Bray et al (1962) also found loﬁ root biomass for wild rice. They
ascribed the low root biomass to be due to weak root development
characteristic of many aquatic-plahts._ This is probably true only
-of annual species for Dykyjova {1972} has shown that perennial species
of marsh habitats have higher root:shoot ratios for wild rice were
very consigtant even though there was considerable difference in
substrate conditions between the populations (see description of
substrate properties on pages 8 - 26 of this report).

Figure 44 shows the pattern of biomass accumulation in

individual plants. Growth averaged .07 g/ind/day during the

period May 15 - June 29 and .44 g/ind)da& during Julﬁ. Toward

the end of July the growth rate slowed. This coincided_ﬁigh

the onset of flowéring and fruiﬁing phenophases. By the end of

the growing season an average individual weighed 25.2 + 3.5 g

(Figure 443

Net primary production on an area basis is shown on Figure 45.
Overall biomass accumulati&n followed a pattern similar to the
accumulation of biomass in individual plants. Total net primary
production for all sites was 2.2 g + .6 on May 15, 41.5 g + 6.7

on May 30, 346.3 g + 48.4 on June 26, and 1453.4 g +

225.1 on September 10, Net primary production data for four of the
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Figure 44, Net primary production of individual wild
rice (Zizania aguatica) plants in the

Hamji.lton Marshes. All values are means
(g/ind.) + 1 standard error.
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Figure 45. Net primary production of wild rice
 (Zizania aquatica) in the Hamilton
Marshes., All values are means (g/mz)
+ 1 standard error. (g/m? x 10~Z = T/Ha)

W e T
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Table 10

Density changes in wild rice populations. Values are mean number of plants/m2,

Sampling Site (see Figure 1)

site 1 = site 1A . Site 2 Site 3 Site 34 Site 6 Site 7
-Yearday.- : ‘
| 150 211 250 . .N.S; 134" N.S5. 216 168
155 172 N:Se NuS. NoS. | N.S. 212 M.,
170 76 132 30 86 . 114 182 148
184 52 74 18 52 80 72 90
210 . N.S. N.5. X 56 16 64 C 92
238 69 24 X 36 X 59 44
N.S. = Not sampled

e
it

All plants destroyed (Site 3A) or eaten (Site 2)
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" sites are shown in Figure 5 (Page 44). Produﬁtion Was similar for
the four sites until July but tﬁere were differences afterward.
Site 4B has the highest net annuai primary production (2163.2)

+ 663.2 g/mz).  Production at Sites 4B, 5A and 7 was 1619.1 +
489.5, 823.8 + 58.9 and 1234.2 + 187.2 respectively.

DISCUSSION ‘

Het primary producfion of wild rice in the Hamilton Marshes
differedkbetween sample areas. Total production at Sites 7

and 5 were probably leaét because of competition and mortality.

At Site 5B there were £ewer iﬁdividuals that survived (Table 10)
‘and thus production on an area basis was less thén that of any
other site. Many individuals at Site 5B were killed during a

‘ sform in July. Net primary prcduction was lower at Site 7 than
at Sites 4B én& 4A because the individual plants were smaller. At
area 4A wild rice maintained dominance thrcughoﬁt the growing season -
and individual plant size was the.greatest.

There is not apﬁarent correlation between production 6f wild_

rice and location of populationms with regard to the amount of
tidal activity. Based upon thé.greateét length of time that each
area would be covered by water during a tide cycle, the areas would
be ranked as follows; 4B, 5B, 7, 5A, 4A, and 5.

Table 11 compares preduction data for wild rice in other
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Table 11. Comparison of production values
for wild rice in fresh water tidal marshes.



NET PRODUCTION (g/m2)

605 - 1547
1390
659 -~ 1125

. 1699

142,

STATE
Pa, .
N..J.
N..J.

N. J.

_SOURCE _

McCormick (1930}

McCormich and Ashbaugh (1972)
Present study

Jervis (1964)
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geographic locations. Net primaxy_producfion appears to be
extremely high in tidal areas.  Production in-two other Delaware
River freshwater tidal marshes was 605-1547 g/m2/yr (McCormick,
1970; McCormick and Ashbaugh, 1972), Jervi§ (1964) has measured
rice production at 1699 g/m?/year in another New Jersey fresh-
water marsh. In féct, primary production of wild xice in New
Jersey's freshwater tidal marshes is comparable to anﬁual net

production of salt marsh plants. Good (1965) measured a net

production of 300 g/m?® for Spartina alterniflora in New Jexsey

and Potera and MacNamaré (1972) measuxed values of 191 g/m2 for
the same species in a polluted estuary. Although there is little
comparable data for wild rice in inland arxeas of New Jersey, it
appears that primaxy production-is equal to or greater in thé
freshwater tidal marshes than it would be in non-tidal environ-
ments. Bray measured wild rice production at 630 g/m? in Minnesota

(Bray et. al., 1962)..

" CONCLUSION

Robichaud and Buell xeported that wild rice is sensitive-to
pbllution, dredging, etc. and that, as a result of such actions,
the distribution and abundance of wild rice in the Delaware River
Basié has beeﬁ drastically reduced. They stated that.it was
abundant as far north as Rancocas Creek. This study has proved
that wild rice is still abundant and doing well in the Hamilton

Marshes. This may be due to the fact that these marshes have not
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been filled or dredged. recently. Other data preseﬁted in this repert
have shown that the waters of the marshes are not polluted
beydnd acceptable standards. This study has also—shown-that
wild rice is an invaluable component of thé marsh ecosystem.
'We have estimated that communities of dominated by wild rice
produce more than 200 tons of material per year. ;d.uré man-
agemenﬁ of the marshes should include planning that will insure

the existence of this valuable species.
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A STUDY OF VARIQUS ASPECIS OF THE ECOLOGICAL LIFE
HISTORY OF PONTIEDERIA CORDATA (Pickerelweed}

by

Patricia Parkinson

Pontederia cordata is a common aquatic plant which grows in

marshy areas and on the shoxres of streams (Fairbrothers and
Moul, 1965). Although other genera of the family Pontederiaceae
have been studied, there is little literature available on

Pontederia (Sculthoxpe, 1967).

NOMENCLATURE AND DESCRIPTION

‘Pontederia cordata {(P. sagittata Seubert) is an aquatic

macxophyte of-fhe family Pontedexiaceae (Muenscher, 1944 and
Stodola, 1967}. It is a perennial with thick; creeping root-
stocks and clustexs of erect leaves which have~fleshy petiocles
and heart-shaped to lanceolated blades. Leaves are borne singly
on a simple stem. It is an emergent spécies, but can grow
entirely submerged. The leaves of the submerged form, forma
taenia, are ribbon-~like with little or no differentiation of a

- blade. P. cordata also has a leaf sequence from the linear ox
spatulate first-férmed leaves of the seedling to the mature leaf
form described above (Sculthorpe, 1967). The perfect, irregular,
trimerous flowers are borne on a spike, They are violet-blue,

. funnel-~shaped, two-lipped, and hairy on the outside. - There are
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six stamens and the ovary is thxee«celiéd, but two of the

cells are sterile. Pontederiaceae is one of only three
angiosperm families in which fristyly is known toc occur, and

is the only monocotyledonous family exhibiting this type of
floral heteromorphism (Hazen, 1918; Ornduff, 1966). 1In
pickerelweed, the three forms are: (1) those having flowers

- with long styles and anthers at two levels below the stigma;

(2) those having flowers with mid-length styles and one set.

of anthers above the stigmas, the other set below; and {3)

those having flowers with short styles and anthers at two levels
above the stigmas. This system promotes cross-pollination,

since self-pollination or cross-pollination between stigmas and
anthers not at equivalent levels is much Iesé productive of
seeds than pollination between stigmas and anthers at equivalent
levels (Oxrnduff, 1966). Representation of the floral forms in
populations is unequal. This is because;, once an area is

" colonized, too few sexually produced generations succeed to
allow equilibrium to be established. This species is insect
pollinated. Nectar accumulates in the perianth tube. The lower
lip of the flowex serves as a ianding platform for smaller insects.
The uppér lip is erect and has a large double blotch of bright
yellow-cn the posteriox petal segment, which probably serves as
a nectar guide. Hazen (1918) obsexrved ten species of Lepidoptera
and many Hymenoptera visiting the plant in a marsh in New Jersey,

Dufourea novea-angliae, a bee, visits no other plant and its
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emergence coincides with the onset of flowering of pickerelweed.

{Sculthoxpe, 1967).

The fruit, an achene bearing one seed, has crested ridges

running lengthwise and a "beak' at the end, which is a pex-
sistent styvle base,- The seeds are 3-4 mm long, ovoid ellipsoid
in shape, and contain a pure white endosperm. The fruits have
a'period of bouyancy due to large intefcellular spaces in the
pericarp which allow them to be carried well away fiom the

parent plant, which is a very competitive environment (Séultha:pe,

1967).

P. cordata is a geophyte and the stout, spongy rhizome is the

organ of perennation. Vegetative reproduction by extension of

the rhizomes predominates cover sexual reproduction (Ornduff, 1966).

Pickerelﬁeed isxnative to fhe Americas and its distribution is
from the eastern United States south ta Argentina._ It was obser-
ved in several locations in the Hamilton Marshéé {Whigham, 1974).
it was-most common along the banks of Crosswicks Creek and in
the Rowan Lake, Spring Lake, and Sturgecon Pond secticons of the
marshes, It is, however, not restricted to those areas and
populations are scattered throughout. Pickerelweed is not one
of the dominant species in the Marshes. Whigham (1974) listed
it as the 13th most important species. It is most commonly
associated with yellow water lily, arrow arum, and water smart-

weed. Its contribution to the overall productivity of the marshes
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was studied in 1973 and 1974 (Table 12 }. The differenées
between the 1973 and 1974 data were due to the sampling methods
employed. In 1973 fhe sampling at ea@h site was random and |
because the species is primarily concentrated,in.certain com~
munities there was much variation in the harvest data. In 1974,
having determined what community types exist in the marshes,

the vegetation was sampléd.systematically. Pickerelweed appear—
ed in many of the samples collected at several sites ﬁhere is
waé part of the communities found there. The 1974 data shows

an increase in abovegrcund biomass thrxoughout the growing season

with a beak biomass of approximately 592 g/m=.

PHENOLOGY

Pontederia cordata was in flower when phenological data was
first collected on June 25, 1973. In 1974 flowers were first
noted on June 21. During both years’thanflowéring.phenophase
lasted for the remainder of the gxowing season. Fruits were
first seen on July 6 and on August 3 it w#s.first noted that

some had been shed from the stalks.

TRANSPLANT EXPERIMENT -

Most perennial species in the marshes appear to grow whenever
tenperature conditioné are favorable. Dormancy thus appears

to be maintained by low temperatures throughout the winter. In
order to determine what factors controlled dormancy in pickerel-

weed, a transplant experiment was performed.
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_ Table 12

Productivity (g/mz} of Above-ground Portions of Pontederia cordata in the Hamilton Marshes,

Sample Date (1973)

site No, June 14 June 26 July 11 August_3

August 17 Average
4c - 197 10.0 28.8 38.0 2441
4B 25.6 32,4 8.3 - - 22.1
4A 13,6 1.9 - - - 7.8
Sample Date (1974)

Site No, : May 30 | Jung 20 July 84 July 31 August 27 Average
ac - 6.2 - - - - -
4B | - 56.3 71.2 129.9 328.
4A 48.2 - 163.1 - -
3 | . 161.5 484.9 353.8 502.1
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Rhizomes’were'c011ected in the field in early November, 1973

after leaves begén to senesce., The fhizomes were planted in

soil in 5-gallon plastic pots lined with plastic-bags to retain
water. Larger rhizomes were cut and planted separately, with at
least one Qrowing tip present on each. They were stored outdoors
until all leaves had completely died back and were then placed
in a cold room (2-4°C). At the same time, 5 plants were placed
in the greenhouse as controls. Rhizomes were removed ten at a
time from the céld room to the greenhouse at two-~week intervals
after 8 to 16 weeks of cold storage. Results of this eiperiment

are given in Table 13 .

Eightj percent of the plants that had received no cold treatment
ha& broken dormancy after 15 dhys. There were not significant
differences in the percentages of plants that had broken dormancy
after varying perxriods of cold storage. The results of this
experiment show that'Pickerelweed will gﬁow as long as temperature
and moisture conditions are favorable. The effect of photoperiod

was not studied.

SEED GERMINAT TON EXPER IMENTS

Seeds were collected on six occasions beiween September 28 and
November 9, 1973. The fruits mature from the bottom of the
stalk upward and drop off while still green. In order not to
lose seeds between collection dates, net bags were placed over
the stalks and tied below the fruits. 7The stalks were collected

when all fruits had dropped off into the bag.‘ The fruits wexe
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that had

Table 13
Percents of rhizomes

broken dormancy after various periods of cold storage.

Length of Cold

Day Numbex after transfer to Greenhouse

Storage of 2-49C 5 10 15
None | o 60 80

8 weeks o 70 a0

10 weeks 20 70 80

12 weeks 10 50 60
14 weeks 1o 50 80
16 weeks - 50 90

60
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stoxred moist in plaétic bags at room temperafure until the
germination experiment was begun. During this time, the fruit
coats turned from green to brown and only those with dark brown
coats were used for the experiments. The average number of

fruits per stalk was 178 + 97.3.

Germination pretreatments were begun 2-3 weeks after collection

of the seeds. Seeds were subjected to the following - treatments:
Ixeatment

Stratification {2-4°C) for 31 days

Dry storage (2-4°C) for 31 days

Stored moist (20°0C) for 32 days

Stored dry (20°C) foxr 31 days

Scarification

Gibberellic Acid, 0,1mM 23 hours

Gibberellic Acid, 0,01lmM 23 houxs

As a control, 90 untreated seeds were placed in a germirnation
chamber at 15°C. Scarification consisted of removal of the
fruit coat and scratching the soft seed coat with forcepts. Each

treatment consisted of three replicates of 15 seeds per replicate,

Germination was attempted at the following teﬁperatures: i0°C,
15°c, 200C, and 30°C. At each temperature, one group of seeds
was maintained on moist filter paper (approximately 3 ml distilled
water} and another group was kept in approximately 30 ml. Of the
2600 seeds used in this experiment, only 8 germinated. It was
concluded that the pickerelweed seeds were in a state of deep

dormancy imposed by one or both of the following factoxs:
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(1) immaturity of the embryoc or (2) a requirement for leaching

of an inhibitor.

Seed ripeness, or readiness fér h#rvest, occurs at different
stages of the embryo's development in different plants; some

are of considerable size and a'high degree of differentiation,
‘and in others the embryo may consist of a few undifferentiated
cells, The latter type is incapable of germination without

a feriod during which the development of the embxyo is completed

within the dormant seeds,

A stratification requirement is most often associated with the

presehce of germination-inhibiting substances in the embryos.

- If such embryos are excised and washed with watexr, frequently

they will germinate; if they arxe simply excised and held in a
humid atmosphere where leaching could not occur, the embryos
remain dormant. Production of germination stimulating substances

can also overcome the effects of the inhibitors;

A second series of germinations experents were initiated between
6 and 11 weeks after harvest. Fruits were washed in running
watexr for one hour, soaked for one hour in 1.0% sodium hypo-
chlorite, and washed again in running water fox one hour. They
wexre then stored moist.in covered bowls for two to three weeks,
during which time a few seeds germinated. Fruits were then
placed 25 each in pétri dishes on moist filter paper and placed
in a cold room (2-49C) for varxious stratification periods (Table

14 )y, Three hundred of the fruits wexe storxed dry at 2-4°C for
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Percent Gexmination of Seeds of Pontederia cordata.

Table 14

‘ 15°¢ 200Cc 30°%c
Pretreatment Moist wet Moist Wet Moist Wet
Control o o "0 o . 4 4
Stratified 6 weeks 22 46 34 52 92 90
Stratified 8 weeks 54 64 54 44 02 88
Stratified 10 weeks 54 58 54 50 90 82
Stratified 12 weeks 46 30 56 66 82 88
Dry, 2-49C, 8 weeks 10 2 4 4 22 14
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eight weeks and 300 were placed in a germination chamber at

209C for eight weeks as a control. After the prescribed
stratification periods, the fruits were transferred to germin-
ators at 15°C, 20°C, and 30°C under both moist (3 ml) and wet
(30 ml) conditions. Resuits of those.experiments are given iﬁ
Table 14 . Very few seeds in the control group germinated.
Similarly, seeds that were stored dry at 2-49C did not have
high germination percemtages. Under a cold mqist stratification
regime, high germination percentages occurred for each of the

four stratification periods.

A significantly greater percentage germination occurxed at 30°C,
There was no significant difference between seeds gefminated at
15°C and 20°C. Néifher were there any large differences between
fruits germinated on moist filter paper and fruits submerged in

water.

At 30°C germination temperature there is little difference among
the various stratification periods (Figure 46 ), At 200C there
is a cohsiderable difference between the 6 and 12-week strati-

fication periods with the highest percent germination.occurriné

in seeds that were stratified for 12 weeks and germinated wet.

At 159C the best germination was obtained with seeds stratified
for 8 and 1C weeks and the lowesf with those stratified 6 weeks..
Overall, the best stratification period is 8 weeks, followed by

10, 12 and 6 weeks, in that order,
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The effects of temperature and
moisture on the germination of
pickerelweed (Pontederia cordata)
seeds that had been stratified for
periods of 6-12 weeks. :
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Seeds germinated iapidly at 30°C for all treatments. Maximum
germination was obtained within 3 days or shoxtly thereafter.
Germination was also more rapid at 20°C than at 15°C for all

stratification periods.

Lack of germination in the first experiment may have been dée

to seed immaturity, a requirement for leacﬁing of a germination
inhibitorx, oxr fox ﬁroduction of a germination stimulator. Seeds
were not washed in running water or sterilized in the first
experiment. In the second experiment, a few seeds.germiﬁateé
while beihg stoxred in fhe bowls and also in the control group.
The washing procedure may have removed a germination iﬁhibitor.
The second experiment was carried out three months later than the
first, which allowed considerable time for maturation of the
embryos., However, if dormancy were due to immaturity alone, there
would have been germination in the control group. It can be con-
cluded that the seeds of pickerelweed reqﬁire at least an 8 week
period after harvest for the embryo to mature before germination
will occur under any circumstances. In addition, they must bé
stratified in ordex toc overcome the &fects of-a germination
inhibitox. The minimum pexiod of stratification required was

not determined in this study.
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CONCLUSIONS

Pickerelweed is not a dominant plant speéies in the Hamilton
Marshes. It cccurs sporadically throughout but is common -

along the banks of Crosswicks Creek and side channels 1eading

into it and the Spring Lake, Rowan Lake, and Sturgeon Pond sections
of the marsh. It occurs in all habitats throughout the marsheé
and thus éppears to be able to withstand a wide range of envir-
onmental conditions. Along the stxeam banks and in the Rowan

Lake seétioﬁ it is exposed at low tideiwhich.is always covered
-by w&te: in other areas. It is most commonly found growing

with yellow water lily, arrow arum, and water smartweed, Alfhcﬁéh
it produces a large nuﬁber of seeds, few seedlings are encoqntered
throughout the marshes., Many axre undoubtedly consumed by animélse
Sculthorpe (1967).has stated that they are readily consumed by
ducks and muskrats. Because of the high mbrtality rate of seeds;
the species is most successful in spreading-by asexual means,

As a result; one frequently encounters the species growing in
clones, The mature plants have no internal &ormancy mechanisﬁ
and will start to grow as soon as the water and substrate temper~-
atures begin to warm in the spring. The Seeds, on the other hand,
possess an internal germination inhibifor that must be removed by
stratification. In addition, the embryo is immature at the time
that the seeds are shed. Both of these mechanisms insure that

the seeds do not germinate before the onset of cold weather.
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- STUDIES OF THE SEED GERMINATION AND SEED MUCILAGE OF PELTANDRA
VIRGINICA L. {(Arrow Arum) °

by

David West

Intxoduction

Peltandra virginica (L;)-Kunth. is a perennial herb arising from
é thick fibrous rootsto¢ka The species is commonly seen growing
along muddy shores or advancing into shallow water of streams:
and ponds. Distribution is from Méine to Florida, west fo

Michigan, Montana and Louisiana (Gleason, 1963).

Peltandra is a member of the Aracéae _ BRI 1 fémily of about
2,000 species most abundant in the trdpiés (Gleason, 1963). The
dominant family characteristic:is the typical aroid inflorescence
of numerous flowers on a fleshy spadix subtended by & spathe

(Fassett, 1969).

Whigham (1974) in his study of a freéh.water tidal marsh in

New Jersey, found the species to be widespread throughout the
marsh. He also showed the species to be the fourth most important
species of the open marsh vegetation. The study also indicated

that Peltandra, unlike the yellow water lily (Nuphax advena),

does not do well under conditions of continual complete submexgence,
Thus, Peltandra grows on the relatively higher ground adjacent

to the stream channels in which Nuphar thrives.
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Peltandra begins to flower from June to late July. Fruiting
lasts from August to early September at which time the fruit,
" a head of green berries begins to swell. By late November, all

of the multiple fruits have been dispersed.

Peltandra seeds will not germinate in their intact condition
after dispersal. Seed dormancy of many species have been

extensively studied with Vegis (1964) giving.a generai defini-

tion of seed dormancy as being a condition uwnder which germination

and establishment axe possible only within-a narrow range of
environmental conditions. Barton {1965) states that there ére
b#sically two kinds of dormancy: ectogenous, influehcéd by
external factors such as light, température, watex, etc., and
endogenous, conditioned by the internal physiology of the seed.
Furthermore, Sculthoxpe (1967) reports that the overwhelming .
najority of aquatic angiosperms exhibit ectogenous dormanCy.
Sculthorpe also states that in most species this dormancy is
simply due to containment of the embryo within the pericarp.
Hart {1928) suggests in her germination studieé of Peltandra
that dormancy was due to the containment of the embryo within
the pericarp. One purpose of this study was to determine the

dormancy mechanism in seeds of Peltandra virginica. The second

objective of the study was to determine the purpose of the
mucilage found in each Peltandra seed. The muscilage is located

between the embryo and the seed coat.
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Materia;s and Methods

Peltandra seeds were collected between early September and
November from the Hamilton Marshes, The seeds were then stored

in distilled water at room temperature.

The seeds, on the average, consist of a largeg.wéll developéd
and slightly curved embryo whose plumule is about eigﬁt milli—
metexsllong; lying in a groove along a large mass of endosperm.
A translucent pericarp surrounds the entire émbryo with a tﬁo
-‘to three miilimeter thick layer of mucilage surrounding the
pericarp. A dark green to blaék.seed coat encloséé the mucilége

- and embrvo.

Expefiments were conducted to determine relative germination'
rates of seeds which had various components of the frﬁit xemoved,
effects of tempefature and stratificatidn on germination, and
effects of the seed mucilége on seedling developmént and seed
dessication., Forxr each of the above experiments the methodoiogy

was as follows:

I. Effects of Removal of the Fruit Components

All germination tests were conducted in petri dishes filled
half way with distilled water and kept at room temperature,
Twenty intact fruifs were washed and placed in petri dishes,
Seed.coéts were removed from a second set of 20 seeds, From a
third set of twenty seeds, the seéd coats and mucilages wexe

removed. Seed coats and mucilage were removed from the next
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three-sets of fruits (20 seeds per set) follbwe& by partial ox
entire removal of the pericarp. From one set, about one half

of the pericarp was removed from the end of the embxyo nearest
the tip of the plumule. A secpnd sef_wés prepéked by removing'
about one half of the pericarp on the opposite end of the embryo,

ax Tl + 3 :
n nodules. The entire pericarp

cdrnn thao - -
- - e S S A L L)

he embryonic xoo
was removed from the final set of 20 fruits. There were three
" replications of each of the above experiments. Germination was

considered to have occurred when the tip of the plumule rose

above its groove in the endosperm.

II. Strggggicatibn Experime#ts_

Two stratification expéximents were éerforméd. In tﬁé
first experiment the seed coats, mucilage, and pericarp were
removed from each fruit leaving only thesbarg embrvo. Twenty
embryos were stoxed at -each of the following ﬁemperéfures: 0o,
50, 109, 209, and 24°C. Ggrmiﬁation, percentages were determined
. after two weeks of stratification at the above temperatures. The
second experiment involved the effecté of various periods of
stratification on germination. Forty seeds were prepared in
each of the following categories: intact fruit; sged coat removed,
seed coat and mucilage removed, and seed coat, mucilage, and
pericarp removed. All of the seeds were then placed in water at
59C. Ten seeds from each of the above categories wefe removed
weekly and placed in water at room temperature, After two weeks
at réom temperature, germination percentages were recorded for

each category.
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III. 7The Effects of Seed Mucilage on Seedling Development and
' Seed Dessication )

The seed coats were removed from 40 seeds and, in addition,
mucilage was. removed from 20 of those seeds. The two sets of 20
seeds were then placed in watex at room temperature. The day

that each seed germinated was recoxrded.

Experiments were designed to determine if the mucilage had any
effect on seed desiccation and thus any effect on germination.
Three categories were eStéblished: entire fruits, fruits with
the seed coat removed, and fruits with.the seed coat and mucilage
removed. Cne hundred seeds were used in the first.category and |
40 in the following two. All of the seeds were placed on dry
filtexr paper at room temperature. Periodically‘(weekly for the
entire fruits, daily fdr the other two categories), several dry
seeds from each category wexe remoﬁed. If the seed coét ox
mucilage were present, they wéxe,removed and the seeds placéd in
water at room temperature. ' Two weeks after being placed in water,
the total germination for each time period of dryness and each

category was recorded.

RESULTS .

I. Effect of Removal of Fruit cbmponents

significant differences in germination rates were obtained
through removal of various parts of the fruit. Results are given
in Table 15 . After 2 weeks, 3.3 pexcent of the intact fruits had

germinated and 10% had germinated after four weeks., With removal
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Table 15

Germination rates of Peltandra virginica seeds after removal of various parts of the fruit.
EBach treatment consisted of 60 seeds. All germination tests were conducted at room temperature.

Seéd coat and
mucilage removed,

Seed <toat and
mycilage removed,

Seed coat,
‘ mu¢ilage, and
Seed coat

‘ p ericap ramoved pericap removed, entire pericap

Time Entire Seed coat and mucilage from plumule and from radicle and ‘t emoved
{Days) fruits - removed r emoved of embryo of embryo

1 o o o o ' o 25

2 O o o - 0 21,7 45

4 o 0 o 20 40 56.7

5 0 o] 40 55 70 70

7 o 50 46.7 . 63.3 | 80 80
10 O 70 81l.7 88.3 .. 81,7 h 80

14 3.3 |

is - 75 83.5 : 88.3 .‘. 96.7 81,7
21 8,3
28 10.0
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of the seed coat, germination had occurred in 50% of the

seeds in only seven days (Table 15 ). Seventy-five percent

had germinated within 15 days. Wﬂen the seed coats and mucilage were
removed 40% of the seeds germinated within five days ana 83.3%

germinated in 15 days.

Partial or entire remowval of the pericarp reduced the time
required for germination. With partiéal remﬁval'of the pericarp
" near the radicle, 21.7% of the seeds germinated after only two
days while 96.7% had germiuated after 15 days (Table‘lﬁ). With
the entire pericarp removed, 25% of the seeds germinated after:

1 day, 457 after two days, and 81.7% aftgr 15 days. .The slow-
ésf germination.occurred,ﬁhen the pericarp was partially removed
from near the plumule end of the seed. ‘In four days 207 of the
seeds had germinated (Table 15). After 35 days;‘there was no

significant difference between this and any other treatment.

II, Stratification Experiments

Cold temperatures greatly reduced germination of Peltandra
seeds. Bare embryos failed to grow after two weeks at 0°C and
' 5°C (Table 16). As teﬁperature ihcreased fhere was a correspond-
ing increaée in germination. Ten percent of the embryos germinated

at 10°C, 75% at 20°C, and 95%.at 24°C.

Although embryos will not grow below 5°C, it appears that the

length of exposure to cold temperatures or the condition of the
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Table 16

Gernination of seeds of Peltandra virginica after 2 weeks
in water at temperatures ranging from O to 24 degrees cent-
igrade. The seed coat, mucilage, and pericarp were removed
from all seeds. There were 20 seeds at each temperature.

TEMPERATURE (C)

% GERMINATION

¢ ¥

5 G
10 10
20 . 75
24

95
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- fruit exposed to those temperatuzes-ha$ little efféct on the
ability of the seed to germinate when placed at room temperature.
Eightﬁ.pexcent of the entire fruits kept at 5CC for oﬁe week |
germinated after two wéeks at:room temmperature (Téb;el7].‘ Fruits
kept for four weeks at 5°C also had high germinétion-pércéntages
{(Table 17} . -'Hig}.x germination percentages were recorded for the
other classes of seeds which were stored at 5°C for period§ of

1-4 weeks (Table 17.),

I1I. Seed Mucilage effects on germination and dessiéation

Results of the experiment to determine the effects of
aesiccation on germiﬁation.appeax in Table 18. fhé data indicates
that entire fruits are not affected b& drying. Germination
_significantly decreases with dry storage when the seed coat is
removed. All seeds germinate after one day éf dxyIStorages
Germination percentages started to drop after 5 days of dessica-
tion and all seeds fail to germinate after eight days;‘ A similaxr
pattern occurred when both the seed coats and ﬁucilage wefe

removed.

DISCUSSION

Seed dormancy in Peltandra virginica is primarily imposed by

the seed coat. The thick seed coat is exfremely resistant to
mechanical damage and to microbial decomposition. As evidence

of the seed coats impermeability, water had penetrated only 10% of
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Table 17

Germination of seeds of Peltandra virginica at xoom temperature following periods of cold,
wet treatment ranging from one to four weeks. 7The seeds were divided into four classes
depending on how much of the fruit was removed., Each class contained 40 seeds, with 10
removed weekly. All parts of the fruit were removed from the 10 seeds before being placed
in water at room temperature for two weeks.

Time " Entire = Seed coat Seed coat and Seed coat, mucilage and entire

(weeks} fruit removed mucilage yemoved _ pericarp removed
1 - 80 © 90 100 | 90
2 90 90 . 76 - 80
3 100 70 | 60 - . 90

-4 90 ‘ 80 : 90 80
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Table 18‘

The effects of various periods of desiccation on the germination of seeds of Peltandra
virginica. Three classes of seeds were placed on dry filter paper at room temperatures
entire fruits, fruits with the seed coat removed, and fruits with the seed coat and
mucilage removed, Periodically some of the dry seeds were removed, the remaining parts
of the fruit removed and then placed in water at room temperature for two weeks.

Length of dry

period (Pays) Entire fruits Segicoat-s removed Segd.__c oats aﬁd mucilage removed

o % 100 | - 80
2 o ; 8o 80
3 | ' | 80 | | 80
4 | | 80 60
5 - 80 \ 40 | 20
6 R )
7 90 " 20 . 0
8 o

9 0

14 .70

21 80

28 90

42 80
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the intact seeds (Tablel5)., Mucilage may also serve to inhibit
germination somewhat since, with its removal, germination was
initiated in 5 instead of 7 days (Table 13. The pericarp also
appears to inhibit germination. Twenty-five percent of the
seeds with the entire pericarp iemoved Qerm;naté in only cne
day and 80 percent after five days (Table 15. FPartial removal
of the pericarp wés only effective in initiating germination
earlier when it was removed from near the root end of the
embryo. Partial removal of the pericafp.near the xoots xesulted
in a 21.7% germination rate of within the first tﬁo days. . ihese
results agree with Hart (1928) who suggested that partial Qbr-
mancy was due to containment of the embryo within the pericarp.
Edwaxrds (1933) also reﬁorted_the-pericarp to be an obstacle

to germination.

Temperature can also serve to hold seeds in a dormant condition,
Seeds only germinated at temperatures above 10°C. In the marshes,
the onset of the growing season corresponds with that temperaturxe
threshold. In the field, if seeds are to successfully survive
they must be able to survive long periodé of cold. Seeds strat-I
ified for periods varying from 1-4 weeks at 5°C all had high
germination percentages once they were placed at room temperatures
and the seed coats, if present, were removed. This is true

regardless of the condition of the fruit since even seeds with



172.

the entire pericaxp removed show high germination perxcentages

following the cold treatment. These results diffexr from those

found by Adams {1927) from studies on Crataegus mollis. He
found that after-ripening at 5°C was greatly influenced by the

structures surrounding the embryo, namely the testa and carpel. -

(L]

Parkinson (1973) has shoun that Pickerelweed; a common plant in

the marshes, also requires a period of after-ripening before the
seeds will germinate. Mucilage has virxtually no effect on

germination or in protection of the embryo from cold temperatures.

Mucilage does not provide protection.from.dessicaﬁibn damagé._
‘Gutterman (1967) suggested this for the mucilage of Blepharis
Eeisica seeds. Hoﬁever, the data indicates that such is not
the case for Peltandra (Table 18). When the seed co#t is réméved,
the nucilage quickly dries out and flakes off the embr&o. The
seeds continue to dessicate and the germination fails to occur:
after séven days. With the mucilage removed prior to the drying.
pexiod, the seed appears to dry out slightly faster with no
germination occurring five days. With the seed coat intact,
seeds xremained viable after six weeks of dry storggé; Examina~
tion of those seeds showed that the seed coat remained pliable
and that the mucilage had.shrunk but was still in the gel state.
This suggests the possibility that the mucilage is capable of
keeping both the seed coat and embryo from drying out if the

seed coat is intact.
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Kozlowski (1972) has-repbrted that seed mucilages may reduce
the specific weight of seeds in water. This does not seem

to be true»for Peltandra. The intact fruit is bouyant in
water, however, with removal of the seed coat, the.émbryu

" losses its bouyancy as the mucilage absorbs water. The embryo
itself is not bouyant, therefore the fruits® bouyancy is prob=
ably due to air trapped between the muciiage and seed coaf.

In the winter the mucilage freezes to-the-marsh surface when
the témperatures are below 0°C. This serves to hold the seeds

in place and prevent them from being washed away.

Both Kozlqw#ki (1e72) and Fexry (1959) sfate'that seed muéilages
have a large capacity to absorb water and swell. This is
espécially true for Peltandré where, on the average, the seed
mucilage is capable of absorbing better than twice its weight
in water; Preliminary‘field studies also in&icate that about
ten percent of the seeds collected during éarly December have
some amount of mucilage exuding through the seed ceat. This

is indicaied by the observation that through‘swelling,‘the
mucilage is able to enlarge # small tear in the seed coat intc
an aréa laxge enough for the embryc to escape.' Once this is
accomplished, the seeds will be held in a dormant state by low .
temperatures, When substrate temperafures rise above 5-1000,-
the seeds will germinate because the muscilage will have caused
& break in the seed coat. On January 16, 1975, we collected a
number of arrow aﬁum seeds from the marshes. All of the seceds

)
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that had had the seed coat removed or otherwise broken germinated
within 2 days of being returned to the laboratory and placed
at room temperatures. None of the seeds that we collected which

had the seed ccats intact germinated. .

The following ecological strategy has evolved in gg;jgaggg
virginicao When the seeds are shed from the parent plant, most
of the seed coats are intact and the seeds are buoyant. Thus
“the seeds arxe able to be dispersed throughout the marshes. As
one would expect, arrow arum seeds are ubiquitous and arxe fpund
in habitats where the species.doesn't grow. Seeds are held.
dormant as long as the seed coat is intact. Duxiﬁg the late
autumn, the muscilage expands and causes a break ih.the seed
coat. It hés not been determined whether or mnot the ﬁuécilage
expands because water had moved across the seed coat or

whether the water was generated intermnally Qia yespiration,
Pre;iminary studies of seed metabolism have shown that there

is an increased respiration rate just prior to gexrmination.
8Since respiration is strongly temperature dependent, séme meta-
bolic water would be generated prxior to the onset of cold
temperatures. The seeds could germinate in the marshes whenevex
the seed coats are broken but watér and substraté temperatures
are low enough to hold the seéds in a dormant state. A few
germinated seeds were observed prior to fhe onset of cold weather.,
The seeds are éblé to withstand extended cold periods and are
viable once substrate and water temperatures reach 5 ~ 10°C in

the spring. These temperatures coincide with the beginning of
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the growing season forxr mature arxow arum pianﬁs and witﬁ the
onset of germination of arrow arum seeds. Evidence to support
much of these conclusions was seen in the field in the fall

of 1974.. The seed coats of a number of seeds were.broken before
the onset of cold weather and those seeds germinated. Thus,

the seed coat and muscilage appear to be the most impﬁrtant

components in the ecology of axrow arum seeds.
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ENVIRONMENTAL EDUCATION

Another goal of our work was to consider the feasibility of using the marshes
‘as an outdgor educational facility. It is our opinion that the marshes can
be used for that purpose and that serious thought shou1d bé given to the
development of a township outdoor environmental educatﬁpn program utilizing

the Hamilton Marshes as a focal point.

We feel that the most appropriéte site for an outdoor educational facility

is an island and ad jacent marshland locatéd near the Hamilton Township Sewageh
Treatment Plant (Fig. 46). We consider.this to be thé best site for the

- following reasons: |

1. All wmajor marsh habitats are in close proximity to tﬁe island.

2. TIts proximity to the sewage plant would make it easier to provide
security if any permanent facilities were to be constructed.

3. The sewage plant could be used as an integral part of educatiomal
©  programs that would be developed.

&L, It is close to Crosswicks Creek, Watsons Creek and other unnamed
channels which can all- be uded for:eance trails.

5. The island is large and is covered with mature forests. There is
enough additional area for the establishment of fields and plantations
"of other trees, eatc. '

6. We have seen no evidence that the island is regularly flooded.

7. The entire area is owned by the township.

8. Figure.46.also shows that the island is horseshoe shaped and that it

< encleses a section of marsh. It would be feasible to dike that area,
dredge it, and create a ground water fed fresh water lake. The lake
could be used for boating, fishing, attracting birds, etc.

We propose that the Township seriously comsider establishing an environmental

study center in the Hamilton Marshes and recommend the.following timetable

to accomplish its development:
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Fiscal Year 1976

1.

3.

The Hamilton Township Environmental Commission working‘ﬁith
Township schools (including teachers, students, and adminiétrators)
Should establish the need for a Township environmental education
facility.

A comprehensive plan for the emvirommental education center should
be developed. This plan should consider alignmént of nature

trails and catwalks in the ﬁarsh and forest areas; placemenﬁ and design
of fécilities including.mqéeum and interpretive Buildiﬁgs, and
location of fields'and plantations. The Delaware and

Raritan Canal Commission should be contacted during this

phase regarding their plans to develop the first lock area

of the Delaware and Raritan Canal at Bordentown. It ﬁOuId Be
entirely feasible to.link-the Hamilton facility With the canal.
fa;ility?

Grant funds should be sought for the development of the center.

Fiscal Year 1977

1.

Build trails, catwalks, and c¢lear island areas for plantations,
fields, etec.

Develop curricular materials for grades K-12 (this should be

done by Towmship educators)._'

Fiscal Year 1978 and beyond

1.

Build museum and interpretive buildings. An environmental
education facility involves people, land, and buildings. As
described in the National Audubon Societies bulletin on A Nature

Center for Your Community, "to run a nature center efficiently, one

must have a place where people can meet. An education building, then
with an orientation-assembly room, exhibits, displays, book store,
offices, restrooms, and a workshop, is essential”. This phase of

development would be the most expensive and should be
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undertaken after the center is established and its future assured. The
area has a rich pre and posfeufoPean history that should be included in
the planning of the center.

Plans should be formulated for the creation of the proposed lake.

Ve recommend that this projéct be given early consideration because

it would be feasible to use the dredged material to fill; completély

v the he sew lfﬁt. .”L
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apparently be drained and filled whenever construction begins on the

- expansion of the sewage plant. This £ill would save the Township
.money and it would them be economically feasible to construct the

- proposed lake.
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