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'INTRODUCTION AND ACKNOWLEDGEMENTS

The Hémilton Marshes are an invaluable'ésset 0f thg ééople of
Hamilton Township and surrounding areas. We hopé that our |
studies of‘the.maréhes will demonstrate their ﬁniéﬁe'qualities
and that the data will be used in the wise manégement of this

-

resouIce.

.Tﬁis report summarizes our research for the pericd April, 1974
to Jaﬁuaxy, 1975. This is a preliminaxy report but'werbelieve
£hat 6ur-finél bonclusidhsﬁwill not be altered after the ter~
mination of ocur ongoing research piojects;' Sevexél studies héve
' been completed and several cénfinue'at p;esent. =We have—coﬁplen
ted éur’an&iyéis of the vegetation of the margheslas wéli.as

} the primary productivity studies. ‘A separate étudy of wild
rice.has been completed. This repoxrt also c&ntains éapers on
the ecology of two éther marsh species that ﬁave been studiéd
as independent research projects by two Ridef-ééilege students,
Water chemistry, nutrient cycling,.and mud ﬁlgae studies wiil
continue until June, 1975. Detritus and litfer;decomposition
studies will continue until October, 1975. Incomplete results

of those studies are presented in this report.

We would like to-thank the many.peopleVWho have encouraged us
during our investigations. VMr. Gerald Héxexra, ir. Richard

Klockner, and Mx. Haig Kasabach have been especially helpful in
coordinating our activities with the Hamilton Townéhip Enviroﬁ-

mental Commission and in permitting us to use the facilities



of the Hamilton Township Sewage Treatment Plant as a base of

rany of our field operations.

Financialrsupport for our work has been ?rovided by the Haﬁiiton
Toﬁnship Enviromental Commission, the Natiénai Geograﬁhiel
Society, The Society of the Sigﬁa-xi, and » Rider College.Grant~
in-Aid. ’

Special thanks go to Penelope.simpsoﬁ who desighgd and spent

long hours making the nylon bags tﬁat were used in our liftéi
deﬁombosition experiment, To our wiﬁeé;“Pepny aﬁd Jan,-alép

go our thanké fox their patignce'during many of the long dayé'
and vacationless weekends. We would aiéo;like-to\thaﬁk,ou: ;
student‘ésSistahts:’ Paula Bozowski, Herbert-Groﬁex, Bariy Kiihe,

Thomas Leslie, Richard McClellan, and David WeSt;



BACKGROUND INFORMATION ..

The H#milton Marshes occupy approiimately 500 Hectérés of tidal
and nontidal land adjacent to the Delaware River near Trentbn;
K. J. We estimaterthat there_are approximately 260 Bectares pf
tidal marshland. The marsh is bordered on the morth by‘a
highly developed sec;ion of Hamilton Township. On the western
boundary is the Delaware.and ﬁafitan Canal. Except for the
Canal side, the ndtural border of the marsh is a steepfhili—
side that extends almost entirely ardund the mafSh. .In_most
éléces, résidental developmeﬁts ogcuf directly on ﬁhe hili*
sideé thét overlook the marshes. The marshes are impacted

by 2 number of facilities.  The mostlimportant are; |
DeLerenzo'laﬁ& fill, Hamilton Township.Sewage Treatmént.Pfant;
" Qcean Spray Cranbefry Compény, fardville Sanitary Landfill,
Yates Industrial, and Bordentown Reformatory Sewage Treatmént'
Plant, (Waltén and Pétfick, 1973). 1In addition sevefal; large storﬁ—

drains discharge runoff water.

Our studies were initiated in the summer of 1973. 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 were extrémely
valuable and ecologically interesting. Endangered birds'speﬁd
several months.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'importénxiy, we believed that
the-marshes serve a valuable function iﬁ-fhe préCessing and
storage of nutrients. It was obvious to us that it was neces—
sary to document the eceological and social.significance of .
the marshlands.  As a resulf, ouf iesearch_was eﬁpénded_to
include important functional a-s_pec-ﬁs of the rflarshes;. This

Cor

_report summarizes ‘our research to date.
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CLIMATE

frenton has a typical temperate climate (Walter and Lieth,
1960) with a cold but not long winter (Figure i ).
FPrecipitation averages 1020 nm annually and it is fairliy evenliy

distributed with a maximum in July and a minimum in Octobex.

The average temperature is 121°C and the g:owing season lasts

from mid-April until late September.r Within the Hamilton

Marshes, water supply is always adequate and temperature; along

with photoperiod, seem to be the most impoxtant factors in

controlling biological activities of organisms.



Figure 1,

Climatic diagram for Trenton, N.dJ.
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 climate
is interpreted as not having a dry
season. Along the absecissa are

plotted the months of the year (Jamu-
‘ary - December} and a shaded area

which shows the number of months
during which there is a chance of
temperatures that fall below 0°C,
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 (10°C:30mm ppt.),
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SOILS

Introduction

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

flat éoils fhat are flooded twicé daily,. Thé SoilIConservation
Service describes the_soils as "brownisﬂ“ with "an average
thickness of about tﬁree.feet". 'In-places the’éoil might be

as thick as 10 feet or as shallow as one féot. "Below the
lavers of silt are sand and gravei and, in some places, clay".
Little othex tecﬁnicai data is provided.ﬁy the Soil ConseIVafion
. Sexvice, primaxily because the soils axe‘of minimal economic“_

value,

We have coilected substrate éémples throughout the marsh-
V(Figure 2 .and Table 1 ), and ha§e or will perform various
analyses'on them. 7To date, we hgve determined organic matter,t
nitrate nitrogen, and ammonium.ﬁitrogenrfbx an entire set of
samples, ‘The samples will also be analyzed for phosphorous,

magnesium, calcium, potassium, and sodium.

Methods

Soil cores WQie taken with a Weldco light duty g?évity type
core sampler. A& preliminary study showed that the instrument
provided a samplé which covered most of the rcoting zone of the

vegetation - approximately the upper 50 cm..



Pigure Z.

Schematic diagram of the Hamilton -
Marshes. The pattern of water
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
-
@]
= a
3 Ey = 2] 8
P P 5 % 8 E =
oy '6 w Fa o 8 Rii1 <4 jart ‘
g2 = - m = H 2
= 5 3 & “d w2 ag
58 g8 & B OEE B dg
A, & = 5 - -t 2 0 w0 )
Site 1 - + - - - - -
Site 2 - + + - - - -
Site 3 + - - + - -
Site 4. - + + - - - -
Site 44 + + - + + + +
site 4C + + - - = - -
Site 5 ' + + - + S + +
Site 5A + + - + + + +
‘Site 5B : + - - - + + +
Site 6 - + - - - - -
Site 7 B + + - + + +
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Sémples were collected in the‘field by driving the samplér into
_the substrate and removing the core. Sam?lés were collected in
the major vegetation zones., The cores were rgtnrﬁed to the
laboratory and sliced into sections rep?esentiﬁg 10 centimeter
depth intexvals. The plugs ﬁere tﬁen air dréed énd ground to
pass through a Zmm soil sieve. Organic méﬁter was'determineﬁ
by ignition in a muffle furnace a£ GQOOC. Niirogen content |
was,deterﬁined_by using a microéiffﬁsian technique (Stanfoxd, )
et al, 19?3). Initially sampleé were ana}yzed_in dupiicate

but because there was very little vériahility between subsamples
of the same soil plug, we decided tb pe?forﬁ'one analysis.  In
the future we will combine COrrespoﬁding:plﬁgs from 3 soil coreé
at each sampling area. TripiicaieVdeterminations will be méde

on the combined plugs.

Results

fable 2 shows the results of the organic matter d2tezmina£ions,
With one exception, thexe 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 to the
‘bottom of the profile, - The exception is at Site 4A where there
is a sharp decrease 1in organic matter between 20 éhd 30 cm; We
attribute this to the fact that fhe neaxby stream.pﬁobably
flowed over that site at one time and that it has sigce changed

course and & soil has been built upon the old stream bed.

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

Table 2, Organic matter analysis of marsh
' soils. Refer to Figure 2 for
locations of the sampling sites.
A11 values are means (%) + 1
standard error.
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Téble 2

ORGANIC MATTER CONTENT OF MARSH SOILS

5

15.3 + 1.6

Site Numbet v 7 v
Dominant MMmmdmaﬂos,. ,_ Yellow Water lily wWHos arum Sweet flag
Number of mﬂﬂﬁpmm_. | L 1 i
Soil Horizon 0-10 cn 13.2 21.1 30,0
| | 10-20 cm - 13.8 16,2 X
_thwo em 14,3 16,1 34,2
30~40 onm pp.w 15.4 '23.8
40-50 ¢n 14.6 12,4 21.2
MEAN #. 1 mmm : 4.1 2 .6 18,7 + 6.6 27.3 * 5.9
Site zsadma__ 5 5 5
Dominant Vegétation Yellow Watex lily Arrow arum ‘Reed Canary grass
Numbexr of mmﬁﬂpmw 4 2 3
' Soil Horizon 0-10 cn 13.4 2.0 15.2 £ .9 18,1 £ 4.1
.Ho.,wo cI 13.3 + 2.3 15.8 + L5 17.9 + 1,0
' 20-30 oM 16.1 * 3.7 16.8 + O. 15.8 + 2.5
30-40 o 12.4 * 1.2 16.3 + 5 14.1 * 2.1
40-50 cn 12,0+ 2.0 12.5 & .8 12.8 & 1.6
MEAN # 1 S.E._ 15.8 % 3.0
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“

Site zcwaum.ﬂ , B SA
U_oawsm_:d 483&.»9__ ! ﬂm,wpms wWater lily . Arréw arum _wamm& flag
Number of samples T 2 3 .
.mowu. :onwwms o 0-10 c¢n 20.4 & 1.6 21l.4 u, 1.0 28.6
| 10-20 cm 20,7 * 1.1 22,3 + 2.5 24,5 * 2,0
20-30 cn’ 20,3 + 2.4 20.1 + .7 36.6 + .2
30-40 cn 1947 % 6.6 18,7 * 5.5 23.4 * .4
40-50 cm 15,3 & 7.7 21.2 & 1.9 22.3 & .2
ﬁ%wpmhﬂ; ,G&»»b 20,7 # 2.5 26.8 * 5.8
_mw.nm, zcammn 5B . 5B
pominant Vegetation Arrow arum Cattail and Sweet mHm@
Numbex of samples 3 4
' Soil Horizon - 0-10 cm 21,7 # 5.9 46,5 % 5.1
10-20 cm 26.5 & 2.5 44.5 #10.1
20-30 cm 29.2 & 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.Bi_ 30.6 & 7.8 wo.o *12,6
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1

Site Number

Dominant <mmmﬁwﬁwon.

Number of samples

Soil Horizon

A Q.. ey

© 0-10 en

10-20 cm .

20«30 em.

3040 cm

40~50 cm

hA
Loosestrife

5

25.3 &+ 4.5

22.3 & 5.8
15,7 & 5.4
8.4 # 1.4

moo * -N.

15.3 & 9.0

b
bnnos_mﬂna
3
uo.w + 2,9
15.5 # 3.5

7.8 & 1.3

4.5 £ .6

42 & 5

10.5 ¥ 6.8

LA

Cattail

3

23,3 »Am.m
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'thaﬁ most upland forest ox agriculkure sbiis'but not

as high as one findg in peat dominated soilss The fact that
there is-1ittle,ﬁifferentiation from the'top §f tﬁe éubstraie
te a depth of 50 cm im§1ies that the conéition$lof-dep§sitidn
have ﬁot changed drastically fér a loﬁg éeriod of:time,
pfobably since sections of the marsh wefe_diked, Our experience
has been that most of the mOvemenE of ineorganic sédiment takes7'
place in or near the channels. During the summer there is a  J
ﬁ%t incfease in the amount of materiél in the channels, préb—:_
aﬁly due to thelpreseﬁce of_vegetatioﬁ which a¢ts as a trép,
'aﬁd that during the winter months much bf'the aécumﬁlated sedimént _

is washed away.

There are significant differences between the amounts of organic
matier at different habi"taté. Areas domina:;ted by yéllow water
1ily, mostly in and along stream channels, héve 1ower'amnqnts_
of organié-mattef (Table 2 ). This is probably due to the |
scouring effects of tidal waters. High ﬁarsh areas have highex
amounts of organic mattexr. Except for Site 4A, most of the
arrow arum areas have between 10~15%-organic matter. There are
locatiohs in the marsh where the substrate-is exfremelyrsoft

and walking is very precarious. Undexr those circumstances we
have ﬁeasured the greatest amounts of organic méfter, "Site 5B
is an example ofrthis situation. Sweet'flag and cattail domiﬁater

the area and the organic mattexr 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 Y.

Total inorganic nitrogen {nltrate and ammonlum) of soils in

' the Hamilton Marshes is not appr301ab1y dlfferent from surface

organic layexs.of many $oils. Thexe isg, howevo a significant

-

difference in the relative amounts of nitrate nitrogen {NO3 )

R : + . ; . : -
and ammonium (NHg ) nitrogen, The inorganic forms of nitrogen

in most soils are ammonium, nitrate, and nitrite {Amexican

' Society of Agronomy, 1965), Under most conditions,_nit:ite

is present in very small amounts compared to the other forms
and the quantity is uswvally assumed to be negligible. Ammonlum
is primarily fqrmed as a result of_the-breakdoﬁn of organié
matter. Under aerobic conditions (with oxygen presént_in tﬁe
soil) ﬁH4+ is ﬁsually short-lived and is oxidizedrto nitrate
nitrogen, w1th nitrite as an 1ntermed1ate in the'plroces.s° As
a result, most soils contain more nitrate than ammonium. Under
anaerobic (1ack of omxygen) coﬁdifions, the ratiq is changed.
Because there is little oxygen and because of low pH thexe ié
usually little nitrification in anaefobié soilét As a reéult,
ammoniun accuﬁulates and if is more abundant than nitrate.
Such is the case in the Hamilton Marshes. ‘Table 3 shows O?I
SUMMary statistics for inorganic nitrogen in the'marsh soils.
There are no significant differences between sites. Values
ranged from 19.7 * 2.2 ppm to 29.5 & 6a6 ppme Within sites,

differences do occur. 1In areas where the suhstrate is very
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" Table 3

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

Dominant ¢mdeVﬁwou

Type

: «mwwo& : _ _ : - Site
ATTOW=ATUN water lily msmwa_mwwm,. Cattail roosestrife QOthexr ' Averace
Site 7 40.2 & 20 15.7 & 3.9 20,8 # 6.0 X X X 26.6 % 7.1
Site 5 20,9 & 1.7 14,6 * 2.5 ) X % x 17.9 + 2.5 20.6 & 1.5
17,7 + 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° mm.w # 10.2
Site 5B 12,2 u. 3.8 X 46.3 ¥ m.qA 34.6 T+ 2.2 X X 29.5 w 6.6
16.8 + 3.8 9.6 & 2.8
17.2 + 1.8
site *& 11,3 + 9.9 X 'Y 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
Average _ , .
for  20.8 + 2.9 16,5 1.9  30.6 * 2.8 31.7 + 4,9 18,8 = 2.8 22.1 + 3.6
,ﬁmmm&mdwos ,
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soft and highly orxganic, the soil is watexlogged { sweet flég

and cattail areas at Sites 5A and 5B} and there-is'significantly
nore nitregen, especially ammoniué,_ Habitats ééminaﬁed by
vellow water.lily.are somewhat lower in'nitIBQEn (iﬁ.S,i 1.9

ppm) and as stated, they are alsc lower in organic matter.

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



Table 4.

2%.

Ammonium and nitrate data for

marsh soils. Refer 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.pem.) OF MARSH SOILS + 1 STANDARD ERRCR -

:

Site z_cSUmH | . . -7 T _. 7 - . 7 )
Dominant <,mam,nmﬂ.,o,s . . . Arrow m...nE:. yellow water lily Sweet flag
Number of samples _ - | P .. | 1 | 1
$oil Horizon = - A 0-10 cm - B S - 9.5 & .8 36.3 & 4,9
| 10-20 cn 7.2 % 5.5 ,.Hm.p £ .9 18.8 + 2.3
20-30 cn | 33.8 % 4.8 - 17,0 *# 1.6 24.2 ¥ 2.1
3040 on 142 * 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 | S 15.7 & 3.9 29.8 & 6,0
Site Number , 5 5 5 5
Dominant Vegetation , _.PHHOS arum ,.b,nuoﬁ._wwﬁﬂ ~: Yellow water 1lily Yellow water 1lily
Number of mEEuwm.m o 1 . 2 1 : 2
Soil Horizon 0-10cm 18,5 & 2.4 11.1 % 2.3 11.6 & .1.6 36.2 £ 5.0
10-20cm 18,2 # 2.5 12,1 & 2.7  10.2 & 1.2 25.4 & 2,8
20-300m 17.1 # 2.3 17.2 & 2.3 10.7 & 1.3 15.7 & 2.8
30-400M 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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mwam.zcacmﬁ

‘pDominant Vegetation

5

5

Reed canaxy grass Reed canary

5

Reed canary

54

Arrow arum

" Nugber of samples 1 2 3 1
Soil Horizon 0-10 na wm.H £1.8 10,2+ 1.9  18.1 # 1.8 29.7 * 4.6
10-20 cm Ho‘wmw.qu 24,9 + 2.9 27.5 + 3.5 31.9 £ 5.7
20-30 oa,wm.q w 1.8 26.2 % 4.5 217 X 26.6 + 3.9
30-40 on 13.2 + 1.0 15.4 + 1.6 17.0 + 1.5 25.2 + 3.9
40-50 on 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 £ 3.9
Site Number 5A 54 S5A SA
‘Pominant <mmmﬁwdwcb. Arrow arum ‘wsmmw flag mﬁmmawmwmm Sweet flag
Zﬁammﬁ of mmEmHmm _ 2 _H 2 3
Soil Horizon 0-10¢m 21.9 # 2.3  21.5 + 2.0  28.6 + 3.7 35.1 % 5.6
10-20cm 21.5 + 1.9 30.5 + 10.3 ° 32.6 + 4.3 24.4 * 5.1
20-30cm  11.0 # , .7 53.2 + 13.2 41.8 + 7.5 24.3 * 3.6
30-40cm 34.6 + 5.4  37.7 + 5.2 23.8 + 2.3 34.7 + 5.6
40~30 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 0 & 8.4
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Site zzm%mﬁ.

54 5A 54
Dominant Vegetation Yellow water H%H%. wmwp.o.s Ew‘nma ‘1ily Yellow water lily
Number of m.wsvumm, o 1 2 3 ,
S0il Horizon 0~10  en 9.8 ¢ 1.6 ,.Ho.mJH 3.0 14,7 + 2.2
_10-20 cn i3.6 + 2.1 7.8 + 2.0 14,5 + 2.2
20-30 . cn 14.0 & 2.7 8.7 & 1.7 15.0 # 2.2
30-40 cm 11.4 & 1.7 8.3 £ 1.6 16.1 & 2.2
40-50 o 13.1 & 3.1 9.6 & 2.3 17.2 & 2.6
4.7 & 2.2 11.1 ¢ 1.6 17.8 ¢ 1.3
wu...am z,ré@mw 58 5B 58
Doau.,smﬁ.ﬂ Emﬁwﬂwos _bﬂnos arum Axryrow wwa.,s Arrow arum
Number of ;m.f.mmmmm:m.m 1 2 3
Soil Horizon 0-10 cm 14.8 £ 2.7 16.5 & 3.0 13.8 & 2.0
10-20 cm 1.3 & 2.3 12.6 & 2.5 16.2 = 2.7
20-30 cn 11.0 # . 2.2 17.2 # 3.1 12.2 & 2.7
30-40 cn 6.3 . 1.4 15.2 ¢ 3.0 16.7 & 2.3
40-50 com 7.7 £ 1.6 8,8 & 2.1 15,3 & 2.6
12.2 & 3.8 17.2 ¢ 1.8

16.8 & 3.8
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5B

site Numbex 5B 5B LA
boawmmbﬁ Vegetation . : .nmdﬂmww Om_.ﬂwmwu.  Bweet flag Arrow arum
zra.sdw.u... of m_mﬁavu_.mm 1. -2 1 1
$oil Horizon 0~10 ¢n 30.7 + 5.6 37.5 & 8.7 20,7 + 3.0
,, 10-20 cn 30,7 *+ 5.6 43,0 ¥ 9.0 36.8 * 6,7 13.3 + 2.0
_ mo..,mo. om m@.,... + 4.6 mm.,o + 9.9 32.2 + 4.8 9.1 + 2.0
' 30-40 om 27.4 + w.w 38.1 + 8.2 38.3 + 5,9 X
40-50cm X * 4,9 40:4 t 7.8 52.8 £ 7.8 5.8 & 1.1
34.6 & 2.2 49.6 & 2.8 46.3 t 8.7 11.3 & 9.9
_,mﬁm Numbex L Up La La
Dominant Vegetation .PHHQ.« arum Cattail Cattail Cattail
ZﬂEUmH. of samples | 2 1 2 3
Soil Horizon 0-10 on X X 41,8 &£ 3.5 23.9 3.6
10-20 cni2.7 ¢ 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 o 17,6 + 1.4 16,2 + 2.9 11.5 # 1.8 17.2 % 2.4
ha..mo 5.4 % 9,0 S.u + 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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Site Number

Dominant QmQW&w&HOH_

Number of samples

Soil Horizon

0=-10 cn
10-20 ¢cm
MOIwO,Qﬂ
30«40 on

_¢Ormo.os

La

.‘roommmﬂnwmw
1
X
21.2 + 4,2
17.0 + 1.0
10.5 + 2.5
6.5 & .5
15.9 £ 7.8

Y
Loosestrife

| 2
24.5 + 6.2
20.2 + 2.9
le.1 + 2.7
1l.5 + 2.2

X
2l.6 ¢ 7.2
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VEGETATION

Resea:ch in 1974 focused on the open marsh areas because we did
not have sufficient personnel to continue our.investigations of

. the forests and shrub forests that were described in our previous
.work {Wnigham, 1974), We are hopeful that we will be able'to.

examine the ecoliogical significance cf the shrub forests at &

latexr date.

A. VEGETATION ANALYSIS

1. Introduction -

A éonsiderable volunme of vegetéﬁioﬁ dat# was collected in 1974.

We have found a considerable number of disﬁiepencies befwegn;

our interpretation of vegetation patterns and the manner in

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

land Maps (N.J.D.E.P., 1972). We have described these dissimi—
larities to officials of the New Jersey ﬁeparfﬁent of Environmental_
‘Protection and they have expressed concern about the disc;épancies.
They are presently working with the contract company thaf produced
the maps in order to detexmine why the discrepancieé'exist and

to cofrect'them if necessary. We believe that this is anocthex

valuable contribution of our work.

2, Results . ) X
Végetation of the forests, shrub forests, and open marsh areas
was analyzed in 1973 (Whigham, 1974)}. Our interpretation of

the vegetation patterns has been modified since ocur fixst report.
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We interpret the marshes as being divided into four habitats:
{1} streams and stream bank; - inciﬁded in this category are;'
dxainége channels that connect streams to high marsh areas,

(2) high maxrsh areas, (3) sectioné-of the‘mafsﬁ fha£ are pond-
like at high tide and dréined at 16w_tidé, éﬁd (4) areas that
are continuously covered by water. VSeverél vegetation t?pes
‘exist in each habitat {Table 5. ‘Iheré ié much overlab between
the vegetation types and 1t is difficult to delineafe.between

them;

High marsh areés (vggetation_types 6,7,§,10)_cover approximately'
137 hectares (Table _6). Compared to those vegetation types,.
others occupy a much smallex arxea. Vegetafion types dominafed

by yellow water lily ocqﬁpy’ approximateiy-58fhectares. Cattaii'
and wild rice vegétation fypes occupy 19 and 24 héctéxes respec-‘
tivély. The-remaining vegetation types are minox compénéﬁts in

terms of thelir aexial coverage.



Table 5.
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Our interpretation of major habitates
and associated vegetation type iun the
Hamilton Marshes. Refer to Figure 2.
for site locations. Dominant species
are underlined. '
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E>mHﬁ>H TYPE

{see mHuﬁum 2 for site. Hoomﬂpovv

I.

HH..

IXX.

%

Stream channels - ‘ . - 1.
(site 5A) | :
gtream banks (exposed at low ﬁPamv W - 2.

(Site 5, BA, ﬂv

Prainage orwunmpm that connect mammmam_‘ < 3.
to high marsh areas . ,
(sites 4A, 5, 58, 7)

High marsh areas . A 4.
(sites m. 4A, 5, SA, 7y .

JHOQ

FPond~1like environments that are , 11,

Emﬁmﬁnocmnmawﬁwwmbﬂw&mmsa
exposed at low tide :

(Site 4B) . . 12.

13.

—~ 14,

VEGETATION TYPE

Yellow water 1lily, wild rice, EPH& celery,
wuuossmma. water millfoil :

Yellow water lily, watexr hemp, arxrowhead,

pickerelweed, watexr smartweed, wild upom

vellow water 1lily, wild rice, pickerelweed,

water smartweed, water hemp

‘cattail (3 species), arrow arum, sweet flag,

touch-me-not, tearthumbs, marsh mallow

Swamp loosestrife, arrow arum, tearthumbs,
touch-me~not, marsh mallow

Sweet flag, arrow arum, tearthumbs, touch-

. me=-not

Bur marigold, arrow arum, tearthumbs,
arrowhead, water hemp, touch-ne-not

Giant ragweed, arxrow arum, touch-me-not,

" tearthumbs

xmm& canary grass

wild rice, bux marigold, sweet flag, arrow arum

Yellow water 1ily, pickerelweed, water smartweed,
arrowhead, wild rice,swamp loosestrife

Arrow arum, wild rice, arrowhead, water smartweed

Swamp loosestrife, arrow arum, yellow water 1ily,

marsh mallow -

Cattail, arrow arum, water smartweed
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v.

1]

pPonds that are continuously

water covered
(Site 4C)

15.
16.
17.

18,

Marsh mallow, swamp loosestrife, arrow

~arum, yellow water lily

C Yellow water lily, wwnxmnmwsmmau 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 dominant
vegetation associations of thé Hamilton
Marshes. -
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. ANNUAL

TOTAL
COVERAGE ABOVEGROUND . . PRODUCTION

VEGETATION TYPE (HA) PRODUCTION {T/HA) (T
Mixed 137 é..l 1246;7-
Cattail 19 132 250.8
Giant Ragweed '3 11.6 ' 34.8
Arrow arum 11 .6.5 1.5
Spiked Loosestrife 10 21,0 . 2310.0
wild Rice | 24 9.4 235.6
Yellow Water Lily 58 7.8 . _452.4

TOTAL - 262 X = 9.5 2401.8
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B. PRIMARY PRODUCTIVITY

1. Intzoduction

Using the vegetatién scheme given in Tablefg, we designed a

stratified random sampling pxocedure'to'study primary production

5f marsh VQgetation throughout the 1974 éiowing %eéson. Eigﬁre

? and Table 1 show and list fhe locatioﬁs ofrbu: sample areas..‘
. . .

Within each vegetation type, all vascular plants in three m™

gqradrats were harvested. The sampling breakdown was a follows:

Vegetation types Total number of . Total number of
sampled quadrats sambles ' samples collected
{from Table 5 ) " per sampling date during growing season
site 7 2,10,6 9 . - 54
Site 5 2, 7,9 9 S 54
Site 5A 3,10,6,7 12 . - 72
Site 58 ) 4; 6,7 12 F _ T2
Site 4C - 16 3 - ! ' o 18
site 4B 12,11 g 54
Site 4A 4, 5,10 .12 A . 72
site 3 2,6, 7, 4 1z J 72

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

separated by species, and dried at 105°C.

2. Resuits

Seasonal primary production patterns of the entire marsh are
shownrin Figure 3 . The data have been separated into two cate=
gories: (1) sites dominated by arrow arum and/oxr yellow water.
1lily, and (2) all othexr sites. This separation was necesséxy
because of a bimodal production patterns for both arrow arum and
yellow water lily. Hawving no internal dorm#ncy mechanisms, both

species grow during the winter whenever temperatures are above



Figure 3.
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Aboveground primary production for all
study sites. As described in the text, data

" were divided into two categories: (1) vegetation

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

(g/m? x10~2 = t/Ha)



ABOVEGROUND BIOMASS (g/m?) + 1 S.E.

8005

600+

200+

36.

All other vegeition
types

Nuphar uc_g.venu & Peliandra -virginic-a
vegefdtion types

170 210

YEARDAY
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freezing for several consecutive days. Initial growth 1s very
rapid and both species assume aspect dominance throughout-the

marshes by May 30 {Figure 4}.

Average daily agoveground production rates were. 4 6-11. 4xg/m
for arrow arum angd 6.4- 14 7 g/m2 for yellow water 111y during
the period April 25 - Hay 3G. For the period Hay 30’—1June 20
daily aboveground p;odﬁction Qalues_wexe 7.9 - 16'g/m? for arrow
axrum. During the remainderrof June and inté Jﬁly, the stahding‘
cxop of both species remainéd fairly constant.riPeék bio#ass |
was measured on either thé June 20th or July 19th Sémpling :
periods. By mideJﬁly, leéves 6f Eoth species began to dié and
as a result the aboveground standing crop begaﬁ=tq decreaSé on
subsequent sampling dates. Thé decrease woﬁld havé beeﬁ_ﬁore
pronounced except that othex Spécies (moétly ﬁickexeiweed and
arxowhead) were still érowing and accounted for much of th?
biomass. Site 4C (Figure 4)‘ié the best example'of this_die~
Voff phenomenon, The area sampled is in a pond where:the water
level fluctuates very little during each gide cycle,‘:Yeliowi
wateh 1ily was the dominant species and it accounted for almost
100% of the cover. Other species in the area wexre submerged.
aqﬁatics.(water ﬁillifoil,lwaterweed, and pondweeds). Peak
aboveground biémasé at Site 4C was 460 g/m2 {Figure qf}g‘ The -
standingrcrop remained fairly constant until laté July when -
the yellow water 1lily dieback began. Maﬁy leaves died natu-

rally while others were consumed by sucking insects. McCormick



Figure 4.
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Aboveground primary production of

yellow water lily (Nuphar adveng and
arrow arum (Peltandra Virginica) dominated
marsh sites. (g/m* x107%=I/Ha)

Refer to Figure 2 for site locatioms.
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citedxa similar die-off phenpmenog_in Oldmans Creek, a freshwater
tidal marsh in Salem County, New Jersey {McCormick, 1972}, In
most populations there was renewed growth dﬁring September that-
lasted until the first.heavy frosts. In.one areé wheré yellow
water 111y was completely gone after the dieback in late July,

we measured new abovegrouna growtn of 10i.6, 27 S,w,_grd 365.0
g/m2. Arrqw arum also went through a die-off period in July.

fhe die back began shortly after otherx piants bégan to overtop

‘the axiow arum., .Because arrow axum-growé beét during the high
light regime of the-early paxf of the gxbwing seésOn, it is hosf
probable that the species was unable to malntaln a p051t1ve
photosynthesis to respiration ratio under the low light conditions
that were present when thg-arrow arum was qverlapped. Once-the
taller plants began to senesce, thus permittihg higher amounts

of solar radiation to reach the surface of tﬁe maxsh, éxxoﬁ arum .
préduced'a new crop of leaves. In some areas arrow arum assumed
aspect dominance again. In the case of yellow water lily, the
die-off didn't appéar to be caused by low light conditions. _If
late season growth is considered,'the total aboveground yeérly
production would be estimated at 700-800 g/m2 for yellow wafer
1ily and arrow arum. This is an underestimate of total primary
production for both species since a portion of the yvearly net .
production is translocated to the underground sten wﬁeze it is
stored, used Iox maintenance, or used in ﬁegetative propogation.
A detailed presentation of the data uSed in Figure 4 is given

in Table 7 . ‘ . o
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bmo<moaocnm biomass for Yellow Water lily and Arrow armwit. All values are means nm\smv of

3 quadrats + 1, S.BE. X = no sample, Refer to Figure 2 for site locations.

-

Table 7

Yellow Water 1ily

4

_Site 7. 5 54 4 4B 3
zmw 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 x 70
July 19 380 + 29 358 + 32 S0l & 83 337 & 32 427 & 13 840 % 283
August 1 305 ¥ 11 390 £ 67 332 & 59 251 % 55 242 % 34 387 & 44
September 10 361 * 146 419 * 134 201 ¢ 36 107 + 30 244 % 110 458 # 145
Arrow Arum
site 54 58 ki Has 3

May 30 270 + 71 40l & 44 248 £ 14 180 &+ 53 389 % 78

June 29 434 + 79 802 + 22 323 + 20 588 + 87 562 % 112

July 19 490 + 20 676 + 234 427 * 13 593 + 32 576 + 36

August 1 504 + 235 410 # 104 242 % 34 365 % 64 508 ¥ 23

September 10 57 304 & 130 468 * X 562 % 112

403 &

74
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In éreas not dominated by yellow water 1lily or arrow arum, -
there was a contiﬁuai increase in aboveground bionass thréughout
the growing season. Peak biomass ;veréged.QBO g/m?_in early .
Septembei (Figure 3 ). The patterns of aboﬁegxoﬁhd biomasé
accumulation were different-for eaéh community tﬁpe due to
differences in plant size and pétterns of Seaﬁonalfpfimafy

producticon.

Areas domlnated by wild rice showed a. lineax 1ncréase in
bloﬁass throughout the growing season (Figuze 5— and Table 8 :jf
Peak bipmass varied between 659 and 1145 g/m and dally prcduc—r
tion rates in those communities were between 4.8 ~ 8.6 g/m

pex day. These values only accéunt for-abovegxound biomasé.'
Wild rice has a rootishoot ratio that averages .25. ‘Adding

25% to the abovegzound.total pro&uction bidmégs, wé egtimafed
that the total production was between 800~1400 g/mz. These
values ave comparable to the data-obtaiped dﬁriﬂg the study

of wild rice that is discussed in pgs.124~lmiof this xeport.

In areas dominated by annual species {(primarily bui marigold,
touch-me-not, and teaxrthumbs) primaxy ?roduativity patterns
were similay to those found in wild rice dominated areasol Peak
aboveground biomass was 756-1162 g/ﬁz (Figure 6 and Table 8 T).

This corresponds to an average daily production rate of between

5.8 and 8,9 a/m>.
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Figure 5. Aboveground primary production of
) wild rice (Zizania aquatica)dominated
marsh slites. Refer to Flgure 2 for
site locatlons. (g/m %107 T[Ha)
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Tablé 8,

 (g/m2x 10-2=T /HA)
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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

-



- Table 4

PR _ L L, et s , s , 2
I. Aboveground produ¢ction in wild rice (Zizania aquatica) areas. Values are means {g/m )
of 3 replicate samples £ 1, S.E. ©Gee Figure 2 for site locations. :

. Site
ﬂ_,. : SA 4y - L
May 30 o 222 77 310 & 24 200 & 123 223 & 72
sune - . as0 wu_qw . “442 % 101 401 % 45 451 % 83
___uapw - 463 + 75 . 561 % 172 44l w. 31 796 w,Hmw
August . | 540 ¢ 39 700 + a4 841 % 67 774 & 79
September 1125 £ 218 639 & 74 635+ 224 720 + 94

46.

II., Aboveground production in mixed vegetation mostly bur marigold (Bidens laevis) areas.
Values axe means of 3 replicate samples * 1, S.BE. See Figure 2 for site locations.

Site
1 2A 2B
May | _ 240 % 41 203 £ 108 324 ¢ 12
June 579 £ 117 432 t 65 547 # 132
July . _ 629 + 168 492 % 53 581 % 43
August ,_ . 635 + 91 X . X
Septemberx 1160 % 289 . 756 %

86 1162 % 332
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1II. >va<mmnocs& production in Sweet flag (Acorus calamus) areas. Values are means
of 3 replicate samples t 1, S.E. See Figure 2 for site locations.

Site : _ , _
54 2 _ 5 _ 3
zww . 450 ¢ 110 334 + 68 328 4 44 501
June’ | ; 452 * 36 . 624 t 120 .qog_w,mqm, 712 + 258
July - ., o 439 + 96 L 739t 8l 633 + 234 . 580 + 156
August : 722 w a7 + 175 | 830 + 81 478 + 67
Septembex o . 596 72 946 + uOU . - 896 + 89 , | 418 + 38

L

IVv. Aboveground vﬂmmﬂnaM05 in Cattail (T. latifeolia, I. angustifolia, and I. glauca)
areas., Values are means of 3 replicate samples # 1, S.E. See Figure 2 for site
locations. _ : -

Site
5B | b, 3
May _ , 505 + 42 379 + 47 X
June 939 # 257 1119 + 32 1528 + 103
July _ 1189 + 357 936 * 176 1502 *+ 250
August 932 + 234 900 + mm | prm + 25

Septenber _ 975 + 161 963 + 78 1489 + 239
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Ve >co¢mﬁo§aﬁao.&sa&o: in Swamp loosestrife {(Lythrum salicaria) areas. Values .
are means of 3 replicate samples % 1, S.E. See Figure 2 for site locations.:

‘

Site
LA
May | o 419 # 147
June o 1059 u,moo.
July _, 1014 + 82
h:@:me & _ 1505%
September | ,_ 2104 * 104

* No mwavwm was collected due to fantastic bee wovﬁwmﬂpou working on Lythrum &HOSmHm.
The value SWm estimated by regression analysis of biomass against yearday AH = .99},



