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Abstract

The insect fauna of freshwater tidal marshes in New York State is not well known.

This study examined terrestrial insects associated with the three dominant plant species,

Lythrum salicaria Phragmites australis, and Typha angustifolia, in a freshwater tidal marsh

of the Hudson River at two stations during early spring and summer, 1996. Aboveground
biomass, stem density, and biomass per stem of the three plant communities differed with
season and station. Insect taxa, biomass, and density also differed among the three plant
communities. Representatives from eight insect order.s were identified. Insect orders
found in the spring were Coleoptera, Diptera, Homoptera, Hymenoptera, and
Lepidoptera. These same orders were represented during the summer with the addition of
the orders Collembola and Thysanoptera. The scale Chaetococcus phragmitidis
(Homoptera) was the most abundant insect in both stations. It represented 74 % of the
total insect biomass on P. australis in the spring and 60 % in the summer. The moth larva
Lymnaecia phragmitelia (Lepidoptera) was another abundant species, accounting for 85 %
of the total insect biomass on T. angustifolia in the spring and 29 % in the summer. It was
found primarily on T. angustifolia in both seasons at both stations. Lythrum salicaria had
the most diverse insect fauna. Insect density and biomass did not vary with plant biomass,

stem density, or biomass per stem. Results suggest that if T. angustifolia were replaced by

either L. salicaria or P. australis, insect communities would change.
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Introduction

Freshwater tidal marshes are biologically and structurally diverse, and are
characterized by nearly freshwater conditions, daily tidal flooding, and plant and animal
communities dominated by freshwater species (Odum et al. 1984). Their vegetation is
dominated by grasses, rushes, sedges, cattails, and a variety of broaci—leaved herbaceous
plants. Freshwater tidal marshes are nurseries for many fish and bird species. Freshwater
tidal marshes support a large diversity of vertebrate and invertebrates. Of these
invertebrates, little is 'known about the insect fauna (Odum 1984). In brackish marshes in

Maryland, herbivorous insects grazed 10-30% of plant production, illustrating one impact

insects can have on wetlands (Cahoon 1986).

Three dominant plant species in the upper intertidal zone of freshwater tidal
marshes in the northeastern United States are purple loosestrife (Lythrum salicaria),
narrowleaf cattail (Typha angustifolia), and common reed (Phragmites éustralis) (Mitsch
and Gosselink 1993). Lythrum salicaria is a cespitose perennial herb 1-3 m in height. It
was introduced into northeastern North America from Europe in the early 18005-. Since
then it has aggressively invaded wetlands, where it can form dense, nearly monotypic
stands that can displace native vegetation and endanger rare wetland species (Thompson
et al. 1987). Freshwater non-tidal marshes with extensive L.salicaria stands have been
found to support lower biodiversity and have experienced a loss of native vegetation and a
reduction in waterfowl and muskrat populations (Hight and Drea 1991).

Typha angustifolia is native to the Atlantic Coast and gradually became established

inland with the early railroad, canal, and highway systems (Mills 1991). It isa
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rthizomatous perennial and usually grows in relatively pure stands generally 1-3 m in
height (Niering 1985). Its fruits form a velvety brown spike that is a food source for moth
larvae and its nutrient-rich underground parts are eaten by muskrats.

Phragmites australis is a perennial rhizomatous grass that grows to a height of

1.5-4.0 m. It is found on every continent except Antarctica. The species is indigenous to
North America. It is considered to be an aggressive invasive plant that after establishment
can form dense monotypic stands and crowd out other wetland speqies suchas T.
angustifolia (Marks et al. 1994).

In New York, Maryland, and Massachusetts, 55 insect genera in the orders
Coleoptera, Hemiptera, Homoptera, Lepidoptera, and Orthoptera were found associated

with L. salicaria by aspirating and netting (Hight 1990). In central New York, 25 genera

in the orders Coleoptera, Diptera, Hemiptera, Hymenoptera, and Lepidoptera were found

on or in Typha latifolia (Claassen 1921). Insects associated with P. australis have been

studied in Europe but not in North America. Twenty-one genera in the orders Diptera,
Homoptera, and Lepidoptera were found on P. australis at an Austrian lake (Imhof 1979).
All herbivorous insects on P. australis were found living beneath the leaf sheath or in the
stem with the exception of an aphid (Homoptera).

Inaccessibility of marshes is one reason marsh insects have generally been ignored
(Imhof 1979). Tall vegetation, tidal flooding, and muddy conditions add to the difficulty

of studying marsh insects. Overwintering insects have been extracted from L. salicaria, P.

australis, and T. angustifolia in a tidal freshwater marsh on the Hudson River in New York

State (Erik Kiviat unpublished data). Taxa, density, and biomass of insects differed among
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the three plant species. The terrestrial insect fauna associated with the three plant species
in freshwater tidal marshes in New York State is otherwise not well known.

The objective of this study was to characterize and compare insect faunas living on
or in L. salicaria, P. australis, and T. angustifolia in a freshwater tidal marsh on the
Hudson River with respect to their taxa, density, and biomass during two seasons of the
year. These data will provide information on the relationships between the three plant

species and their respective insect communities. It will also form a baseline for future

study of the roles these insects play in the marsh food web and other ecosystem processes.

Methods

This research was conducted at Tivoli North Bay, a 150 ha tida] freshwater marsh
of the Hudson River located in the Town of Red Hook in Dutchess County, New York
(Fig. 1). The marsh is part of the Hudson River National Estuarine Research Reserve.

Samples of plants and their associated insects were collected from two stations
w1th1n the high marsh. These stations were designated as A and B (Fig. 1). Each station
was characterized by stands of L. salicaria, T. angustifolia, and P. australis adjacent to
each other. Sampling was conducted in spring (26 March through 5 May) and in summer

(17 June through 28 June), 1996. Collections were made on five different days during
each time period. On each day, stems of the three plant species along with their associated
insects were collected from 0.25 m? quadrats. Quadrats were located randomly within
communities of the three plant species using a grid system and a table of random numbers.
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No samples were collected within 1 m of a stand margin. One quadrat per plant species
was sampled on each day from each station. Therefore, during the two time periods, three
plant communities at two stations were sampled ﬁ;/e times yielding a total of sixty samples
of plants and insects.

Quadrats were laid out using a 0.5 x 0.5 m frame that could be opened and
positioned at ground level with minimal disturbance to the plants and insects. All stems
within the quadrat were cut approximately 2 cm above the ground, identified, counted,
and sealed in the same plasfic bag. Inflorescences (flowers) and infructescences (fruits)
were also counted and included in the samples. Each sample contained at least 70% (by

stem count) of the dominant plant species in that community. Secondary species were T.

angusifolia in the L. salicaria and P. australis communities and Scirpus fluviatilis in the T.
angustifolia community. |

Samples of plants and insects were kept cool in outdoor bins at the Bard College
Field Station during the spring sampling period. During the summer sampling period,
samples were refrigerated at 1.6° C in a walk-in cooler on the Bard College Campus.

Insects were dissected from all plant parts by hand over a white enamel pan. The
insects were separated to the lowest recognizable taxon and individuals within each taxon
were counted, weighed, and dried to a constant weight at 60° C. Insect specimens were
then preserved in 70% isopropanol and representatives were sent to systematic
entomologists for further identification. Voucher specimens were deposited at the Bard

College Field Station.

Hudson
River

430 0 430 Meters

Figure 1. Location of Tivoli North Bay and stations A and B.
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After dissection, plant materials were placed in paper bags and air dried at 20° C
during the spring season. Plant materials from both spring and summer seasons were oven
dried to a constant weight at 80° C at the Institute for Ecosystem Studies in Millbrook,
New York.

Plant and insect data were analyzed using a least squares linear regression and
correlation and a nested analysis of variance (ANOVA) where station was nested within
season and season was nested within plaht community (Ambrose and Ambrose 1995). All
effects were considered fixed. Prior to statistical analysis, all data (n = 60) were compared

to computer-generated normal distributions using histograms and Chi-square and Lilliefors
tests (Statsoft 1995). To reduce skewness, kurtosis, and outliers, all values were
transformed by logo(x+1) (Krebs 1989, Tabachnick 1989). Some data were still
non-normal (i.e. Lilliefors p < 0.05) after transformation, although skewness and kurtosis
were substantially lower. Samples were treated as community units for analysis,

regardless of secondary plant species.
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Results

Lythrum salicaria and P. australis had higher total biomass than T. angustifolia in

the spring at both stations (Fig. 2). Seasonal differences in total biomass among the three

plant communities were significant (Table 1). Phragmites australis had higher biomass

~ than the other two plant communities in station B (Fig. 2).

Total stem densities differed between stations in the spring. Phragmites australis

and T. angustifolia had higher densities than L. salicaria at station A, but L. salicaria and
T. angustifolia had higher densities than P. australis af station B (Fig. 2). In the summer
total stem density was similar at both stations. Differences in total stem density among
plant communities, season, and station were not significant (Table 1). Total stem density
of L. salicaria and T. angustifolia increased with total biomass (Fig. 3).

Lythrum salicaria and P. australis had higher biomass per stem than T. a_ngustifolia

in the spring at both stations (Fig. 4). In the summer P. australis had higher biomass per

stem than L. salicaria at station A. It also had higher biomass than L. salicaria and T.
angustifolia at station B. Station differences in biomass per stem were significant (Table

1). Total biomass per stem increased with total biomass of P. australis (Fig. 5).

A total of eight insect orders was found in the plants during both seasons (Table
2). One thysanopteran was found at station A in the summer and one collembolan was
found at station B in the summer. Due to C. phragmitidis, homopterans had highest

density and biomass on P. australis in the spring ( Table 2, Fig. 6).
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Figure 2. Total plant biomass and total stem density by season, station, and plant
community. ’
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Table 1. ANOVA results for log-transformed variables.

Plant Biomass

Stem Density

Plant Biomass/
Stem

Insect Biomass

Insect Density

L. phragmitella
Biomass

L. phragmitella
Density

df = degrees of freedom  MS = mean square

community
season
station
error

community
season
station
error

community
season
station
error

community
season
station
error

community
season
station
error

season
station
error

season
station
error

df MS F
2 0.35 0.52
3 0.67 4.78
6 0.14 0.29

48 0.48
2 0.11 0.36
3 0.29 1.42
6 0.20 0.61

48 0.33
2 0.71 2.37
3 0.30 2.93
6 0.10 2.62

48 0.04
2 <0.01 0.71
3 <0.01 7.00
6 <0.01 5.00

48 <0.01
2 5.32 . 1330
3 0.40 ) 1.87
6 0.21 : 1.89

48 0.11
3 <0.01 3.30
6 <0.01 1.50

48 <0.01
3 0.86 13.17
6 0.07 1.48

48 0.04

* = significant ** = highly
significant
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p
>0.1

0.05*
>0.1

>0.1
>0.1
>0.1

>0.1
>0.1
<0.05*

>0.1
<0.025*
<0.005**

<0.05*
>0.1
>0.1

0.1000
>0.1

<0.005**
>0.1
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Figure 3. Log total stem density versus log total plant biomass for the three plant

Figure 4. Total plant biomass per stem by season, station, and plant community.
communities.
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Table 2. Insect taxa and numbers per 1.25 m?’ (i.e., 5 samples) found in
Lythrum salicaria, Phragmites australis, and Typha angustifolia

Lythrum Correlation: r = 0.58

L. salicaria P. australis T. angustifolia
SPR SUM SPR SUM SPR SUM
A{/B|A|B| A B Al B|A|B[AIB
20 2 1 3

Coleoptera:
Cantharidae:
Cantharis sp. 2 1
Carabidae:
Clivina americana 1
Stenolophus 1
fuliginosus
Coccinellidae:
Scymnus (Pullus) 1
Collembola:
Arthropleona:
Poduridae 16
Diptera: 1| 2 1 481 1 29
Cecidomyiidae 32 §
Chironomidae 1 |
or Culicidae 1
Muscidae
Unidentified pupae 1 6
Hemiptera:
Anthocoridae 1
Homoptera:
Aphididae:
Hyalopterus pruni
Cercopidae
Cicadellidae: 2| 1
Graphocephala
coccinea
Coccoidea: 3 184 6
Chaetococcus 287 | 393 909
hragmitidis
Unidentified nymph 1

. “a_ Regression
16 1.8 20 22 24 26 28 30 32 34 95% confid.

Log Total Plant Biomass, g

Log Tolal Plant Biomass per Stem, g

Phragmites  Correlation: r = 0.81

4 e Regression
. 18 20 22 24 26 28 30 32 34 95% confid.

Log Total Plant Biomass, g

Log Total Plant Biomass per Stem, g

Typha Correlation:r =-0.24

2.2

22 44 6
1.8
1.6
1.4
1.2 s .
1.0 - L4 L
0.8 b . .
0.6 .
0.4 e Regression

16 1.8 20 22 24 26 28 30 32 34 95% confid.
Log Total Plant Biomass, g

Log Total Plant 3iomass per Stem, g

Figure 5. Log total plant biomass per stem versus log total plant biomass for the three

plant communities.
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L. salicaria

SPR

Table 2. continued

P. australis
SUM SPR SUM

T. angustifolia
SPR SUM

A | B

A|B/A|BJ|A

B|A|B|A|B

Hymenoptera:

Braconidae

Pelecinaidea or
Proctrupoidea

Platygasteridae
Pteromalidae

90

Lepidoptera:

Momphidae

106 | 34

Tineidae:

Lymnaecia
phragmitella

20

67 41| 17| 17

Thysanoptera

Unidentified Order

V-20

1.8

1.6

14"

1.2

1.0

XX
XX

0.8

Insect Biomass, -

0.6

0.4

0.2

0.0

0.14
0.13 :
0.12
0.11
0_10 >'0.0.8
0.09
0.08
0.07
0.06
0.05|
0.04
0.03
0.02
0.01

Insect Biomass, g

csossssee
00000000

| casanacaal

0.00

Lythrum Phragmites
SUMMER

Figure 6. Spring and summer insect biomass in

Typha

E OTHER

£ LEPIDOPTERA
B HOMOPTERA
DIPTERA

EE OTHER

B8 UNIDENTIFIED
E=3 LEPIDOPTERA
OO0 HYMENOPTERA
B HOMOPTERA
X1 COLEOPTERA

each order for the three plant communities.

In the spring, the category other includes Coleoptera, Hymenoptera, and insects that were

not identified to order. In the summer,

Hemiptera, and Thysanoptera.
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i phragmi . angustifolia at both stations in
Dipterans accounted for the remainder of insect density and biomass on P. australis (Table The lepidopteran L.phragmitella was found on T. angu

t was also found on L. salicaria at station B in the spring. Total

2, Fig. 6). Insect density and biomass on L. salicaria and T. angustifolia were dominated both seasons (Fig. 12). I

o . . : ioni higher than on L.
by the order Lepidoptera in the spring (Fig. 6). density on T. angustifolia at station B in the spring was significantly hig

In the summer, nymphal scale insects and adult aphids (Homoptera) made up the salicaria (Fig. 8 and Table 1).

majority of insect density and biomass on P. australis (Table 2, Fig. 6). Adult and larval

coleopterans were present on all three species and accounted for the highest density and

I biomass on L. salicaria (Table 2, Fig. 6). Lepidopterans dominated the insect fauna on T.

angustifolia and were still well represented on L. salicaria (Table2, Fig. 6). The most

insect taxa were present in the summer and on L. salicaria (Fig. 6).

Phragmites australis had higher total insect biomass than L. salicaria and T.

angustifolia in the spring (Fig. 7). The three plant communities had similar total insect

biomass in the summer. Seasonal and station differences in total insect biomass were

significant (Table 1).
| i Total insect biomass did not vary with total plant biomass (Fig. 8) or with total
plant density (Fig. 9). Differences in total insect density among the three plant

communities paralleled differences in insect biomass in the spring (Fig. 7). These

differences in total insect density were also apparent during the summer. In both seasons

P. australis had higher total insect density than the other two plant communities (Fig. 7).

Community differences in total insect density were significant (Table 1). The majority of | _ ;l

insect biomass and density on P. australis consisted of C. phragmitidis, a homopteran

specific to the plant. Total insect density did not vary with total plant biomass (Fig. 10) or

with total plant density (Fig. 11).

I
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Figure 7. Total insect biomass and density by season, station, and plant community.
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Lythrum Correlation: r = 0.61
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3.4 95% confid.

0.14
0.12
0.10
0.08
0.06
— 0.04
0.02
0.00
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. e Regression
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1.6
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Log Total Plant Biomass, g

Typha Correlation:r = 0.12

3.4 95% confid.

0.14
%0 0.12
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Figure 8. Log total insect biomass versus log total plant biomass for the three plant

communities.
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Lythrum  Correlation: r = 0.43

0.138
an
g 0.118
-]
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0.138
0 L
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@ 0.078 . °
"5 [ ]
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s o8| e
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Figure 9. Log total insect biomass versus log total plant density for the three plant
communities.
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Figure 10. Log total insect density versus log total plant biomass for the three plant
communities.
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Lythrum  Correlation: r = 0.38
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Figure 11. Log total insect density versus log total plant density for the three plant

communities.
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Figure 12. Total biomass and density of Lymnaecia phragmitella by season, station, and
plant community.
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Discussion

The three plant communities examined in this study differed from each other in
biomass, stem density, biomass per stem, and insect taxa. Typha angustifolia , a native
species of the marsh, tended to have lower plant biomass and lower biomass per stem than
the other two plant communities. The lepidopteran L.phragmitella dominated the insects
associated with T. angustifolia. Typha angustifolia supported a lower diversity of insects
than the other two plant communities.

Typha angustifolia may eventually be replaced by L. salicaria and/or P. australis
which are more aggressive and invasive (Blossey 1993, Marks 1994). If either species
replaced I; angustifolia, essential food and cover for muskrats, and many species of
waterfowl would be eliminated (Hight 1990). In addition, species composition of the
marsh insect fauna would change. Lymnaecia phragmitella would likely decrease along
with its host plant. The larvae of L. phragmitella are a food source for downy

woodpeckers, red-winged blackbirds, and black-capped chickadees (Sipple 1990). The

lepidopteran family Momphidae nearly specific to L. salicaria would likely increase with its
host plant.

If P. australis replaced the native T. angustifolia, its taller denser stands would
support different insect communities. For example, the homopteran C. phragmitidis which

is specific to P. australis would likely increase if its host plant spreads. These insects are

preyed upon by ladybird beetles (Coleoptera) which were collected in Tivoli North Bay on

P. australis as well (Table 2.).
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The terrestrial insects associated with L. salicaria, P. australis, and T. angustifolia

represented eight orders. The prominent insect orders associated with T. angustifolia and

P. australis are in agreement with earlier research. Claassen (1921) found lepidopterans to

be the major insects on T. angustifolia in a non-tidal freshwater marsh in New York State.
Imbof (1979) found that the order Homoptera was dominant on P. australis in Europe.
Many of the same genera that were represented in Tivoli North Bay have been found in
non-tidal and brackish wetlands where insects were sampled using techniques other than
harvesting (Bickley and Séek 1975, Simpson 1979). If this study had included aquatic
and below-ground insects and incorporated other sampling techniques, it is likely that
additional insect orders would have been found (Hight 1990, Sipple 1990). For ekample,
the orders Odonata and Orthoptera may have been found using vacuum or sweep sampling
techniques (Bickley and Seek 1975, Hight 1990). The harvest sampling method used in
this study did, however, capture some of the faster-moving insects such as adult
leathoppers, wasps, and moths which would usually be captured’with a net or vacuum.
To acquire a true knowledge of the insect fauna in a marsh, all of the plant species
need to be examined since some insects may be highly selective and host specific
(Newman 1991, Halbert and Voegtlin 1994). The insect communities linked with certain
plants may vary from season to season (Table 2) therefore, insects need to be sampled
throughout the year. For example, sampling in this study took place before L. salicaria
flowered, due to an unusually cool summer. It is likely that additional insect taxa would
have been found if samples were collected after flowering. In addition, insects are often

specific to certain parts of the plant (Claassen 1921). In this study L. phragmitella larvae
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were found most often in T. angustifolia spikes and upper stems whereas coleopteran
larvae were found in the moist lower stems. Therefore, harvesting of the entire plant
would yield a more complete representation of insect communities.

Insects function as herbivores, detritivores, and carnivores (Odum et al. 1984,
Pedigo 1996). Changes in insect communities have the potential to alter energy flow and
decomposition which may affect other marsh inhabitants (Scott 1987, Voegtlin 1995).
Studies to further determine insect taxa and the roles they play in wetland ecosystem
processes would be valuable for preservation, protectidn, management, and restoration of

wetlands.

V-32

1
|
i
|
!
i
|

PR _.____,—,__,4,,

e ————— R

!
!
-+

Acknowledgments

We would like to thank the Tibor Polgar Fellowship Program of the Hudson River
Foundation and the Hudson River National Estuarine Research Reserve for the support of
this project. We thank the Barci C(;Hege Field Station and Dr. Stuart Findlay at The
Institute of Ecosystem Studies for use of their facilities.. We thank spring research
assistants Irina Prentice, Brian Higbie, and Jennifer Smetzer. We are \}ery grateful to
summer research assistants, Catherine Bischoff, Greta Hutton, Karl Krause, Karen
Stracher, and Julie Wunderlich, who volunteered their time and energy. Dr. Jeffrey
Barnes, Dr. E. Richard Hoebeke, Dr. Timothy McCabe, Dr. David Voegtlin, and Dr.
Ronald Weseloh are the entomologists who generously donated their time and expertise to
insect identifications. Dr. Richard Cleary kindly donated his time to advise us on
statistical design and analysis. We thank Chuck Nieder, Gretchen Stevens, and everyone
else at the Bard College Field Station for their advice and support. This is Bard College

Field Station-Hudsonia Contribution [69].

V-33




References Cited

Ambrose, H.W. and K. Ambrose 1995. A handbook of biological investigation (5th ed.).
Hunter Textbooks Inc., Winston-Salem, North Carolina.

Bickley, W.E. and TR Seek. 1975. Insects in four Maryland marshes. University of
Maryland Agricultural Experimental Station Miscellaneous Publication 870. 27 p.

Blossey, B. 199?. Herbivory below ground and biological weed control: life history of a
root-boring weevil on purple loosestrife. Oecologia 94:380-387.

Cahoon, D.R. z.ln.d J C Stevenson. 1986. Production, predation and decomposition in a
low-salinity Hibiscus marsh. Ecology 67:1341-1350.

Claassen, P:W. 1921. Typba insects: their ecological relationships. Cornell University
Agricultural Experiment Station Memoir 47:459-531.

Halbert, S.E. and D.J. Voegtlin. 1994. Suction trap records of Myzus Iythri (Homoptera:

Aphididae) associated with purple loosestrife (Lythrum salicaria) i .
caria) infe
Idaho. Weed Technology 8:794-796. (Lythrum salicaria) infestations in

Hight, S.D. 1990. Available feeding niches in populations of Lythrum salicaria L. (purple
loosestr%fe) in the. northeastern United States. Proceedings of the International
Symposium on Biological Control of Weeds 7:269-278.

Hight, S.D. and J.J. Drea, Jr. 1991. Prospects for a classical biological control project

?%agst purple loosestrife (Lythrum salicaria 1.). Natural Areas Journal
:151-157.

Imhof, S }1&1979(. g;thl\rlopod communities connected with Phragmites. P. 389-397 in H.
offler (ed). Neusiedlersee: The Limnology of a Shallow Lake in Central
Dr. W. Junk Publishers, the Hague. i Contral Borope.

Krebs, C.J. 1989. Ecological Methodology. Harper & Row, New York, NY

Marks, M., B. Lapin and J. Rapdall. 1994. Phragmites australis (P. communis): threats,
management, and monitoring. Natural Areas Journal 4(14):285-294

Mills, E.L., J.H. Loach, J.T. Ca{lton and C.L. Secor. 1991. Exotic Species in the Great
L.akes: A hlst01"y of biotic crises and anthropogenic introductions. Great Lakes
Fishery Commission Research Completion Report.

Mitsch,;N..L a;]dy J.G. Gosselink. 1993. Wetlands (2nd ed.). Van Nostrand Reinhold, New
ork, ’

V-34

Niering, W.A. 1985. National Audubon Society Nature Guides: Wetlands. Alfred A.
Knopf, Inc. New York, NY.

Newman, R.M. 1991. Herbivory and detritivory on freshwater macrophytes by
invertebrates: a review. Journal of the North American Benthological Society

10:89-114.

Odum, W.T., J.T. Smith III, and C. Mclvor. 1984. The ecology of tidal freshwater
marshes of the United States East Coast: A community profile. U.S. Fish and
Wildlife Service, FWS/OBS-83/17. 177 p.

Pedigo, L.P. 1996. Entomology and pest management. Prentice-Hall Inc., New Jersey.

Scott, M.L. and J.L. Haskins. 1987. Effects of grazing by chrysomelid beetles on two
wetland herbaceous species. Bulletin of the Torrey Botanical Club 114:13-17.

Simpson, R.L., D.F. Whigham and K. Brannigan. 1979. The mid-summer insect
communities of freshwater tidal wetland macrophytes, Delaware estuary, New
Jersey. Bulletin of the New Jersey Academy of Science 24:22-28.

Sipple, W. 1990. Exploring Maryland’s freshwater tidal wetlands. Atlantic Naturalist
40:13-18. '

Statsoft, Inc. 1995. Statistica Vol. 1: General Conventions & Statistics I (2nd ed.).
Statsoft, Inc. Tulsa, Oklahoma. '

Tabachnick, B.G. and L.S. Fidell. 1989. Using multivariate statistics (2nd ed.). Harper
Collins, New York, NY

Thompson, D.Q., R.L. Stuckey and E.B. Thompson. 1987. Spread, impact, and control of

purple loosestrife (Lythrum salicaria) in North American wetlands. U.S.
Department of the Interior, Fish and Wildlife Service, Fish and Wildlife Research

2:55.

Voegtlin, D.J. 1995. Potential of Myzus Iythri Homoptera: Aphididae) to influence growth
and development of Lythrum salicaria (Myrtiflorae: Lythraceae). Environmental
Entomology 24: 724-729.

V-35




