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Abstract 

The biological, chemical, and physical characteristics of 
three disturbed (pH> 5.5, N03-N> 200 ug/l) and three undisturbed 
(pH <4.5, NO.-N < 100 ug/l) Pine Barrens second and third order 
streams were investiqated from March 1982 - Februarv 1983. Monthly I 
sampling revealed that except for pH, nitrogen, and alkalini ty, 
disturbed and undisturbed streams share virtually identical 
physical and chemical characteristics. However, the differences in 
pH, nitrogen, and alkalinity resulted in significantly altered 
biological communi ties. Both algal species .richness and relative 
diversity increased in disturbed streams. In addition, some algal 
species appear to prefer, and may be largely restricted to, 
undisturbed streams, while others clearly are associated with 
disturbed streams. The presence of Tabellaria flocculosa seems to 
be a particularly good indicator of disturbed conditions. The major 
response of the macrophytes to disturbance is a shift in the 
dominant species from Eleochar1s spp. and Scirpus subterminalis to 
Sparganium americanum, Callitriche heterophylla, and Potomogeton 
epihydrus. The aquatic insects emi bi ted greater species richness 
in the disturbed streams. Several of the major groups of insects 
also showed skewed distribution between disturbed and undisturbed 

. streams • Elmid beetles and caddisflies were particularly prevalent 
at the disturbed sites. Leuctrid stoneflies and various odonates 
appear more characteristic of undisturbed sites. The response of 
the fish was much more subtle, with both disturbed and tmdisturbed 
streams containing mostly characteristic Pine Barrens species. The 
presence and abundance of tessellated darter and golden shiner is 
probably the best indicator of disturbance, along with a general 
decrease in the abundance of eastern mudminnow, blackbanded 
sunfish, banded sunfish, mud sunfish, and redfin pickerel. There 
also appears to be a shift in dominance among the characteristic 
fishes from restricted to widespread species. 
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Introduction 

The sandy, nutrient poor soils of the New Jersey Pine Barrens 
result in surface waters characteristically low in pH and nutrients 
(Patrick et ale 1979). Various activities of man, particularly 
agricul tural and residential developnent, tend to significantly 
alter these conditions by elevating both nutrients and pH (Durand 
and Zimmer 1982). Low pH and nutrients represent quite stressful 
conditions for most aquatic organisms, and severely restrict their 
distributions (Haines 1981). Consequently, the plant and animal 
communities which have developed in undisturbed Pine Barrens 
surface waters are quite different from those in neighboring 
eco3ystems (Smith 1960, McCormick 1370, Fisklin and Montgomery 
1971, Hastings 1979, ~oul and Buell 1979). The influence of man, 
then, might result in communities quite different from those 
naturally occurring, by allowing peripheral species to colonize 
Pine Barrens habitats previously inaccessible to them. 

The purpose of this study is to characterize the physical, 
chemical, and biological features of six Pine Barrens second or 
third order streams, with an aim towards developnent of a 
blologic'3.1 water quality index. The streams \,e1"e chosen to fit into 
~wo gt"oups, disturbed and undisturbed. Pre'.r!ous al'lalyses of Pine 
Barrens surface water quality indicated that the main impact of 
disturbance was to raise pH consistently above 5.5 and N0 3-N 
concentratlons above 0.2 mgll (Zimmer 1981, Durand and Zimmer 
1982). Thus the thr'ee disturbed streams wepe chosen bi3.sed on 
ini tial obse:"vations of pH a'ld NO:rN at or above these levels. The 
three undtsturbed st::--ealls exhibited pH <4.5 and NO)-N levels below 
0.05 mg/l. Disturbed and u.'1d:tsturbed streams were chosen in pairs 
within the salle watershed and with apprOximately the same drainage 
areas to better facilitate comparison among the streams. 

Study sites 

The location of the six study streams within the Pine Barrens 
is illustrated in Fig. 1, and a comparison of the major habitat 
charac~eristics of each stream can be found in Table 1. A detailed 
description of each stream follows: 

Sleeper Branch- The sampling area is located at a foot bridge 
apprOximately 0.5 km from Rt. 542 at Pleasant Mills. 
Sleeper is part of the Mullica River drainage and originates 
near Chesllhurst, NJ. Although disturbed at its headwaters 
by residential and agricultural developnent J most of its 
length passes through undisturbed oak-pine ~~d pitch plne 
1000Ila.~d forest, and just upstreaill of the sampling ar-ea is an 
extensive swamp. The sampling site vegetatlon is 
characterized as cedar swamp. The drainage area above its 
confluence with the Mullica River (approximately 100 m 
dor,ms trearn from the sampling si te) is about 9200 hectares. 



Indian Mills. 

:--....~---15421 

Figure 1. t.lap of central Pine Barrens region of New Jersey showing 
the six sampling sites (solid dots) . 
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Table 1. Comparison of the general habitat characteristics o£. the si~ 
study streams and two supplemental sampling areas at Burr's Mill 
(bog) and Friendship (feeder). Tree canopy along the bank is 
described as predominately coniferous (C) or hardwood (H) and 
as closed - adjacent canopies touching, open - mostly direct 
sunlight on stream, or a mixture of the two - Mod. " 

Habitat Features 
Stream Canopy Bank Backwaters Bog 

Sleeper Open C Shallow Extensive Extensive 

Albertson Open/Hod C Steep Moderate Moderate 

Si{it Open/Closed C Steep/Shallow Few Extensive 

Springers Open/Closed H Steep/Shallow Moderate None 

Burr's Mill Closed H Shallow/Steep t-Ioderate None (upstream) 

Friendship Closed/open H Steep/Shallow Moderate None (upstream) 

Feeder Open H Shallow None "" ,. None (upstream) 

Burr's Mill Open H Shallow None Extensive 
Bog 
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Sleeper is characterized as undisturbed. 

Albertson Brook- The sampling area is located at an abandoned 
car bridge about 0.5 kIn off Rt. 206 toward Paradise Lakes 
Campground. Albertson originates in Winslow Township, NJ, 
and passes through heavily used agricultural areas over most 
of its length. Its lower reaches drain pine-oak and pitch 
pine lowla'ld forest, and hardwood swamp. The vegetation at 
the sampling site, however, is cedar swamp. Albertson is a 
part of the Mullica River system via Nescochague Creek, with 
a drainage area above its confluence with Nescochague Creek 
of apprOximately 5200 hectares. Albertson is characterized 
as disturbed. 

Skit Branch- The sampling area is locat.ed on High Crossing Road 
at the old car bridge (a new car bridge was constructed 
during the study) about 8 kIn off Rt. 206, just past Hampton 
Furnace. Skit originates deep within the Pine Barrens and 
drains "Undisturbed pine-oak and pitch pine lowland forest.. 
There are also large tracks of cranberry bogs within the 
drainage. The vegetation at the sampling site is 
characterized as cedar swamp. Skit is part of the Batsto 
drainage, with a drainage area above its confluence wi th the 
Batsto River of approximately 2800 hectares. Skit is 
undisturbed. 

Springers Brook- The sampling area is located at the Hampton 
Road bridge about 2 kIn off Rt. 206 toward Hampton Furnace. 
Springers Brook originates in heavy agricultural and 
residential areas near India'l Mills, NJ. Its lower reaches 
drain pine-oak, oak-pine, pitch pine lowland forest, and 
extensi ve hardwood swamp. The vegetation at the sampling 
site is hardwood swamp. Springers is part of the Batsto 
drainage, with a drainage area above the sampling site of 
approximately 4700 hectares. Springers is disturbed. 

Burr's Mill (South Branch)- The sampling area is located at the 
bridge where Sooy Road crosses the stream, just south of Rt. 
70. The stream originates in mostly undisturbed pine-oak and 
pitch pine lowland forest, although an extensive network of 
cranberry bogs occurs within the drainage. The lower 
reaches of the stream pass through hardwood swamp 
vegetation, which also characterizes the sampling site. 
Burr's Mill is part of the South Branch Rancocas drainage 
with a drainage area above the sampling site of about 1900 
hectares. Burr's Mill is undisturbed. 

Friendship Creek- The sampling area is located just below the 
confluence of its two main tributaries at the bridge on 
Powell Place Road, just south of Rt. 70. The stream 
originates near Tabernacle, NJ. One tributary drains 
mos tly undisturbed wetlands while the other drains 
extensi ve agricultural areas. The sampling site is 
characterized as hardwood sTN'amp vegetation. Friendship is 
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part of the South Branch Rancocas drainage with a drainage 
area above the sampling site of about 2000 hectares. 
Friendship is disturbed. 
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Materials and Methods 

Water Quality 

Water temperature and dissolved oxygen (DO) were measured in 
flowing water using a YSI model 57 meter. A YSI SCT meter was used 
to measure conductivity in the same manner. Alkalinity and pH were 
determined from a grab sample at the site. An Accumet model 640 
field pH meter was used for pH, and alkalinity was calculated from 
titration with 0.02N H2S04 to 4.5 pH (Lind 1979). Current' velocity 
was obtained from employment of a General Oceanics model 2030 
current meter and/or the timed passage of neutrally bouyant 
objects. Maximum water depth was reporded monthly and referenced to 
stream cross-sectional areas taken periodically to determine 
discharge (Lind 1979). Two water samples were collected in acid 
rinsed 500 ml polyethylene containers and kept on ice in a cooler 
during transport to the Camden laboratory. 

Upon return to the laboratory ammonia-nitrogen (NH3-N) was 
immediately determined Qy the phenol-hypochlorite method (Lind 
1979). Total dissolved solids (TDS) were determined by evaporating 
150 ml aliquots in preweighed oven dried crucibles, whic~ were then 

.weighed to yield mgll values. Analysis for TOO was not performed in 
March and April. The two 500 ml water samples were frozen for later 
total-P and NO 3-N analysis. After June an additional 500 ml sample 
was taken and frozen as a reference. 

At two to three month intervals accumulated samples were 
unfrozen and analyzed for ni trate-ni trogen and total phosphorus. 
Cadmium reduction (American Public Health Association (APHA) 1979) 
was used to determine nitrate nitrogen and total-P was determined 
after Lind (1979). Standard curves were used in the 
spectrophotometric methods for determining nutrient concentrations. 
Duplicates and spikes were run on 10% of all samples after June 
1982 to verify the analytiC procedures. 

Pine Barrens water appears to significantly reduce the 
efficiency of, cadmium reduction columns, particularly during 
periods of low flow when dissolved substances are concentrated. 
Under the worst ,conditions, this reduction appeared to be about 3% 
per sample. For the purpose of calculating sample concentrations 
from standard curves, it was necessary to assume that this decrease 
was linear from sample to sample. Since this introduces an unknown 
error due to interpolation, no more than four samples were run 
(after August when the problem first became serious) between 
standards, and the columns were changed after one or two days of 
use. Although the loss in column efficiency was annoying, the 
potential error it introduced is not substantial, since even if no 
corrections were made, the sample concentrations would be off by no 
more than 15%. The main implication of this problem is that small 
fluctuations (less than 20%) in stream nitrogen concentrations 
cannot be interpreted with confidence. A recent modified Cadmi urn 
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reduction method may eliminate this problem (APHA 1980). 

Biological Data 

All biological sampling occurred on the same dates as water 
quality sampling except for aquatic insects. Because of the time 
necessary to conduct the insect sampling, these samples were 
collected separately from the others. Table 2 lists the specific 
sampling dates for each task. 

Dominant aquatic macrophytes were collected and/or recorded 
monthly along the stream station lengths. Identification guides 
used were: Fassett (1957), Magee (1981), Hotchk1ss (1972), Fernald 
( 1950), Fairbrothers et al. (1965) , Gleason (1952) and Newcomb 
(1977). Assistance in identification and verification was provided 
by Dr. E. Schuyler of the Philadelphia Academy of Natural Sciences. 
A voucher specimen collection has been retained at Rutgers 
University, Camden, New Jersey. 

Algal samples were collected bimonthly from three basic 
substrate habitats; sul::merged vegetation stems, sul::merged logs and 
sul::merged backwater or bank detritus. Another major habitat, sand 
and gravel, was not sampled because it typically is not stable 
enough to support a significant algal community. Samples were 
preserved in Formalin and later identified and enumerated by 
Jacquelyn White-Reimer. 

Identification and enumeration was accomplished by examining 
randomly chosen subsamples of all samples on wet mount slide 
preparations under 100 and 430 magnification. Each slide was 
scanned using 100 magnification to determine general algal type and 
distrt bution. Identifications were made under 430 magnification. 
For samples with numerous diatoms that could not be identified from 
a wet mount slide, burn mount slides were prepared. An aliquot of 
sample was placed on the cover slip with distilled water and 
hydrogen peroxide, 30~ stabilized (to break down organic matter) 
and the liquid evaporated. The cover slips were then heated to 
approximately 500~F for 15-20 minutes and mounted on slides using 
Hydrax mounting medium. Major diatom types were identified using a 
90 X oil immersion objective. Algal identification was aided by 
use of the following references (Smith 1933, Drouet and Dailey 
1956, Prescott 1962, Drouet 1968, Drouet 1973, Patrick and Reimer 
1975, Prescott 1975, Hustedt 1976, Rustedt 1977, Ruzjicka 1977, 
Drouet 1978, Drouet 1981). 

The relative abundance determinations are rather subjective 
due to varying growth forms, size of cells, and clumping of 
populations on the slide, but the general catagories are as 
follows: 

Dominant- predominant type throughout sample; 
Abundant- observed in most fields when examined under high 

dry magnification; 
Common- observed in approximately one out of five fields; 
Occasional- Observed in less than one out of ten fields. 
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Table 2. List of the sampling dates for each major task of " this 
project. The January 6 insect collection corresponds to 
the December 27 water quality collections. 

Sampling 
Date 

March 23,24, 1982 

April 10 

May 19 

June 14, 15 

July 21, 22 

August 17* 

September 15 

October 13 

November 15 

December 27 

January 21, 1983 

February 10 

Water 
Quality Macrophytes Algae Fish Aquatic Insects 

X X' X X 3/23, 24, 29 

X X 4/14 

X X X 5/17 

X X X 6/3 

X X X X 7/11 

X X 

X X X X 9/7 

X X 10/16 

X X X 11/26 

X X X 1/6 

X X X 1/28 

X X 2/26 

* Note that no samples for aquatic insects were collected in August 
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A voucher collection bas been retained and is to be integrated with 
the algal collection at the Philadelphia Academy of Natural 
Sciences. 

Dip nets and kick samplers were used to make qualitative 
aquatic insect collections approximately monthly from the six 
sampled streams. At each collecting Site, specimens were 
partitioned into one of two classes of habitat; riffle (R) or 
non-riffle (NR). Because continuums between habitats were so 
gradual in s pace and time, further subdi visions of t:he non-riffle 
babi tat. (into vegetation, undercut bank, and logs) was not 
possible. Even with only riffle and non-riffle habitats, site to 
site habitat variability made it particularly difficult to equate 
the same habitat from stream to stream. 

Riffle habitat (for collected aquatic insects discussed 
herein) is very narrowly defined as the middle 2/3 of a stream 
channel with gr.:-avel and sand substrate with preceptibly flowing 
water. Obviously, there is habitat overlap for most aquatic 
insects; but use of this definition of riffle means that some 
riffle organisms will be recorded from non-riffle areas (eg. 
sutmerged vegetation in flowing water), but usually not visa versa. 
ApprOximately 90 minutes of effort was allocated per stream. 

In the laboratory, specimens were sorted to genus and members 
of each genus from each sample placed in individual vials which 
were labeled and numbered. Numbered vials are currently catalogued 
by order, family, genus, and species via a card file. About 1500 
vials are cataloged to species. 

Species level identification for Hemiptera and Coleoptera were 
based primarily on adults. All other identifications are based on 
examination of immature states. Because of non-availability of a 
dipteran taxonomist, specimens in this order were identified only 
to family level. These specimens are available for further study. 

Generic level identifications have been aided by the following 
references (Wiggins 1927, Usinger 1956, Needham et al. 1975, Meritt 
and Cummins 1978, Edmunds et al. 1979, Hilsenholf 1981, Brigham and 
Brigham 1982).-

Species identifications were aided by the following individuals: 

Gyrinidae- Sule Oygur, Cook College, Rutgers Uni versi ty, 
New Brlmswick, New Jersey; 

Aquatic Coleoptera, Megaloptera, aquatic Hemiptera (exclusive 
of surface dwellers)- G. William Wolfe, Cook 
College, Rutgers Uni veri sty , New Brlmswick, NJ; 

Surface. Dwelling Hemiptera- P. Kittle, Southeast 
Missouri State Uni versi ty, Cape Girardeaw, MO; 

Trichoptera- G. A. Schuster, Eastern Kentucky University; 
Plecoptera- R. F. Surdich, Front Royal, VA; 
Ephemeroptera- P. Carlson, South Carolina Department of 

Health and Environmental Control, Columbia, S.C.; 
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Lepidoptera and Odonata- D. Huggins, state Biological Survey 
of Kansas, Lawrence, Kansas. 

Fish collection with a small mesh nylon seine (3/16" mesh, 10' 
long) occurred every three months (March, June-July, Sept., Dec.). 
High stream discharges in June resulted in poor sampling and led to 
a second summer sampling period in July. Sampling las ted 
approximately one hour per stream, covering three major 
microhabitats; vegetation, backwaters, and open water (pools and 
riffles). Occasionally bog meadow ha bi tat was also sampled. A 
voucher collection of specimens was preserved. 

10 



Results and Discussion 

Water Quality 

The original grouping of the study streams. into disturbed and 
undisturbed catagories based on pH and N03-N values proved 
justified by measurements throughout the year (Fig 2). The pH and 
N03-N values for the disturbed streams averaged 5.9'and426 ug/l, 
respectively, compared with 4.3 and 19 ug/l in the undisturbed 
streams. These differences were statisticaly significant (F=25.6; 
p <0.01 for pH and F=1 o. 6; p < o. 05 for N03-N). However, except for 
pH, the associated parameter alkalinity, and N03-N, no other 
physical or chemical parameter differed significantly between 
disturbed and \ll'ldisturbed a treams (Table 3; Appendix I). The 
ranges of all parameters overlapped almost completely. 

Among the disturbed streams, Springers exhibited the highest 
average pH as well as the lowest average N03-N, which from May to 
August, was in the range of values reported for the undisturbed 
streams « 50 ug/l). The large decrease in N03 in late spring and 
summer was tmexpected, but has been observed before. New Jersey 
Department of Environmental Protection (NJDEP) STORET System data 
indicate N03 concentrations at a nearby site in Springers ranged 
from 60 to 630 ug/l between Jtme 1, 1977, and January 5, 1978. 
Friendship exhibited the lowest average pH and the greatest average 
N03-N. Previous data at a nearby Friendship sampling site confirm 
these trends. For 44 dates between February 21, 1978 and May 15, 
1979 pH averaged 5.2 and N02 + N03 averaged 819 ug/l (NJDEP STORET 
System). . 

Among the undisturbed streams, Burr's Mill differed from the 
rest in a number of ways. Average NH3-N was three times greater 
than in any other stream (disturbed or undisturbed), and average 
total-P was very near the highest. Average percent 02 saturation 
was also lowest in Burr's Mill. The high NH3 is strongly . 
correlated with the low DO. From July - October, percent 02 
saturation averaged 53.5~ compared with 86~ throughout the rest of 
the year. NHj concentration during the same period averaged 146 
ug/l compared with an average of 55 ug/l for the rest of the year. 
Just upstream from the sampling site is an impo\ll'lded bog. During 
low flow (average discharge from Burr's Mill fran July - october 
was only 0.0175 m3/sec) a high proportion of the stream flow 
apparently res ul ts from seepage under the bog dam. Decomposi tional 
processes at the bog bottom no doubt result in low 02 and high NH3 
which then predominate in the stream water just below the dam. No 
other water quality parameters seemed to be affected during this 
period. Burr's Mill also exhibited the lowest pH values of any of 
the streams. Previous pH measurements at a nearby location from 
February 21, 1978 through February 26, 1979 show similarly low pH 
values (average or 33 measurements = 3.7; NJDEP STORET System). It 
is not clear why Burr's Mill is so much more acidic than the other 
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Figure 2. Average pH (top panel) and N0 3-N (bottom panel) in disturbed 
and undisturbed streams during the study period. 

12 



..... 
w 

Table 3. summary of water quality data collected from each stream. Values given are means Iranges). 
The pll mean is based on lIydrogen ion concentration. F value is from Analysis of variance on 
each parameter from disturbed and undisturbed streams. Units: Alkalinity mg CaC03/1/ Nil -N 
~g/l/ N03-N ~g/l/ Total-P ~g/l; Conductivity ~mhos; TDS mg/1; DO \ saturation/ Temperatur~ °C: 
Velocity m/s: Discharge m3/s. 

pI! 

AlkaLinity 

NIIJ-N 

NO)-N 

Total P 

Conductivilv 

TDS 

DO 

Temperature 

Velocity 

Discharge 

*p <..05 
"p< .01 

F 

25.6** 

8.7* 

1.52 

10.6* 

0.4 

0.4 

0.3 

4.6 

1).3 

1.4 

O. ' 

Albertson 

5.9(5.3-6.4) 

6(1-30) 

20(J-63) 

511 (116-960) 

28(6-90) 

57(J2-174) 

54 (33-78) 

92(82-97) 

12(2-22) 

.26 (.19-. 35) 

.95 (.54-1. 65) 

Stream 

Springer Friendship 

6.214.2-6.8) 5.3(4.3-5.7) 

8(0-22) 2 (0-6) 

28(0-79) 2715-83) 

180 (2-695) 588 (271-1385) 

1J (5-34) 9 (3-22) 

125(50-254) 75(35-218) 

79(61-123) 51(25-78) 

87 (64-10J) 93(78-103) 

12 (1-24) 1J (3-23) 

. 20 ( .08- • 32) .46(.35-.61) 

.60 (. 02-2. 56) .471.12-1.561 

Sleeper Skit Burr's Mill 

4.2(4.0-4.4) 4.514.1-4.9) 3.913.6-4.2) 

0 .1(0-1) 0 

30(0-87) 28(0-104) 85124-217) 

22 (2-56) 14(0-34) 21 (3-46) 

8(2-18) 6(2-14) 21(2-80) 

59(38-155) 67(20-239) 88(31-2521 

59(33-92) J3 (5-83) 7]143-125) 

82 (75-89) 88(77-100) 75152-108) 

11(0-21) 13(0-26) 1514-25) 

.19(.05-.34) .251.03-.37) .211.09-.26) 

.35(.03-.82) .48(.04-2.33) .21(.01-.74 ) 

._------------------------------



undisturbed 3 treams. 

Ski t was severely disturbed during the study in November and 
December by bridge construction immediately upstream from the 
sampling site. However, detailed examination of the water quality 
data show no obvious effects (Appendix I). This is despite heavy 
siltation of the sampling area and significant alteration of the 
stream chann el • 

The sampling site at Sleeper was also the location of intense 
sampling by Zimmer (1981) and Durand and Zimmer (1982) from June 
1978 - May 1980. Their values for pH, NH3' and N03, are similar to 
the values reported in this study. For the two year study, they 
reported a median pH of 4.25, and average NH3-N and N03-N of 35 and 
102 ug/l, respectively. While the.,NH3 and N03concentrations are 
somewhat greater than those reported here, closer examination of 
their data reveals that concentrations of both nutrients decreased 
significantly over the two year study. By the second year, NH3-N 
a."ld N03-N averaged 23 and 59 ug/l, respectively. These data a. .... e 
qui te close to the values repo.rted in this study, especially when 
the downward trend in nutrient concentrations is considered. 

The association of the various water quality parameters with 
each other was examined by correlation analysis on pooled data from 

. the disturbed and undisturbed streams separately. The resulting 
correlation matrixes of significant correlation coefficients (p < 
0.05, r=0.325; p <0.01, r=0.418) are illustrated in Tables 4 and 5. 
Some of the more interesting associations are described below. 

N03 and pH show significant correlation with temperature in 
the disturbed streams, but not in the undisturbed streams. Since 
temperature is a marker for seasonality, N03 in the disturbed 
streams is significantly more abundant in the winter while pH is 
significantly lower. This phenomenon is clearly illustrated by 
Fig. 2. The tendency for N03 to rise in Pine Barrens waters in the 
winter has been documented before (Durand 1979). It was believed 
to resul t from the shutdown of biolOgical uptake of N03 by the 
drainage area vegetation. This would also appear to be the case 
a:."!-:"lg the disturbed streams studied here. Springers is a 
partl:.;..:' arly good example with extremely low N03 values in the 
summer d~: ..... 17 peak production and very high N03 in the winter. The 
lack of a similc.:.1 response among the undisturbed streams can be 
explained by their ~:~eady low N03 concentrations which tends to 
mask any seasonal varia,,': "''''. 

The seasonal response of Ph (;.::1y in the disturbed streams 
suggests that elevated pH may not be tvtally an intrinsic 
characteristic of these streams. Much of the elevated pH, 
particularly in the summer, may be instead a by product of their 
higher nutrient concentrations I and associated great,~r primary 
productivity. With higher nutrients, the productivity of the 
vegetation both wi thin and along the s t:,~am is incre;o>sed. 
Photosynthesis directly elevates pH (WetzI"l 1'1'~~) f t'..:.·~ In lTl0"t 

natural waters, the buffering capacity i·- such that fluctuations in 
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Table 4. Correlation matrix of significant correlation coefficients for pooled water quality data from 
the three disturbed streams (Albertson, Springers, Friendship). 

), .., Q) 
>. .~ ... .., > ::l Q) 
.~ .... .., >- D> 
.:: Po .., .. .., ... .... u ... .... .. ... ? ? ... ~ Q) u .<: .. I I '" 'lJ 0. 0 U 

.>( ", ", .., .:: III e ... UI 
:J: .-4 ~ 0 0 0 0 0 Q) Q) .... 
0. ..: :2: E-< U E-< 0 E-< > 0 

pll 1.0 .531 .503 -.605 

Alkalinity 1.0 -.4BB .454 .390 • SOB -.406 
I-' 
111 

NII 3-N 1.0 -.360 

N03-N 1.0 -.492 -.5lB .479 -.490 .445 

Total P 1.0 .441 

Conductivity 1.0 .403 -.344 .362 

TDS 1.0 -.560 

00 1.0 -.337 

Temperature 1.0 

Velocity 1.0 

Discharge 1.0 
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Table 5. Significant correlation coefficient matrix of pooled water quality data from the 
undisturbed streams (Sleeper, Skit, Burr's Mill). 

;., 
CD ... 

;., .... H ... > :> .... .... ... 
.:: 1'0 ... lIS .... U H ... ;2: ;2: ... :> CIl 
III I I lIS 'tJ Cl. 

.>( ... ... ... .:: III ~ :.: ... ;g 0 0 0 0 8 Cl. .c ;2: f< U f< !-< 

pH 1.0 .593 

Alkalinity 1.0 .376 

NH 3-N 1.0 .810 .492 ' -.632 .515 

NO -N 1.0 -.419 
3 

Total P 1.0 .657 .... 689 1.496 

Conductivity 1.0 

TDS 1.0 -.671 .361' 

DO 1.0 -.445 

;., ... .... 
u 
0 ... 
CIl 
:> 

Temperature 1.0 -.411 

Velocity 1.0 

Discharge 

CIl 
t!' 
H 
lIS 
.c: 
U 

'" .... 
0 

-.404 

.456 

.51B 

1.0 



pH are minimal. However, because of the naturally low buffering 
capacity of Pine Barrens waters (note that alkalinity even in the 
disturbed streams is extremely low), the higher levels of 
photosynthesis appear to be translated into greatly elevated pH. 
Thus, in the winter when biological productivity is greatly 
reduced, the pH of disturbed streams decreases, in some cases, 
approaching the pH of tmdisturbed streams (Appendix I). A similar 
relationship between pH and productivity has been documented in 
disturbed and undisturbed Pine Barrens ponds (Morgan unpubl. data). 

Both sets of streams show a positive correlation between 
total-P and temperature. This probably does not represent a true 
increase in phosphorus loading during the summer, but simply a 
reflection of the additional P botmd up in organic production 
during the summer, which is part of the total-P measurement. 
Ammonia shows no relationship with temperature in the disturbed 
streams, but a significant posi ti ve association in the tmdisturbed 
streams. The significant relationship, however, is almost entirely 
due to Burr's Mill, with its high NH3 values in the summer during 
the conditions of low flow and O2 discussed above (note the highly 
significant relationship between O2 and NH3). 

Another significant relationship which deserves special 
mention is the relationship (or general lack of) between TDS and 
conductivity. In most inland waters, there is a fairly tight 
relationship between TDS and conductivity (Lind 1979), but this 
clearly is not true for Pine Barrens waters. This suggests that 
there is a large and variable fraction of non-ionic (or ionic and 
of variable molecular weight) dtssol ved substances in these waters. 

Algae 

A total of 52 algal species were collected in the 6 study 
streams (Table 6). A complete listing of the occurrence and 
relative abundance of each species in each stream by sampling date 
and microhabitat (stem, log, bank) is presented in Appendix II. 
These species represent a significant fraction of the 350+ species 
so far recorded from the entire Pine Barrens region (Maul and Buell 
1979). 

All but 11 species have been reported by other investigators 
as occurring in the Pine Barrens (Maul and Buell 1979, Patrick et 
ale 1979, Lloyd et al. 1980), and only" species (Chaetophora sp., 
Radiofilum sp., Vaucheria sp. and Porphyrosiphon splendldus) 
represent members of genera newly reported from the Pine Barrens. 
Three out of 4 of the new records were reported only from the 
disturbed streams (Table 7). Five of the new records are 
filamentous blue-green algae. Previous workers have stated that 
blue-greens are not abundant in the Pine Barrens, and this study 
supports this conclusion (Appendix II). The fact that several new 
records are reported here is probably most related to the sampling 
method (blue-greens tend to favor hard substrates) and repeated 
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Table 6. List of all algal species collected from the study streams 
from March 1982 - January 1983. 

Algal species list 

Chlorophyta (Green algae) 
Bulbochaete sp. 

*Chaetophora sp. 
Closterium sp. 

*Closterium kuetz'ingii Breb 
Closterium ralfsii 

var. ralfsii Breb ex. Ralfs 
Cosmarium sp. 
Micrasterias rotata (Grev) Ralfs 
Micrasterias sp. 
Microspora sp. 
Mougeotia sp. 
Penium sp. 
Pleurotaenium sp. 

*Radiofilum sp. 
Spirogyra sp. 
Staurastrl1.m ~. 
Tetraspora sp. 
Ulothrix sp. 

*Vaucheria sp. 
Zygogoneum ericetorum Kutz 

Rhodophyta (Red algae) 
Audouinella violacea (Kutz) Hamel 
Batrachospermum sp. 

Cyanophyta (Blue-green algae) 
Calothrix sp. 

*Porphyrosiphon 
splendidus (Grev.) Dr. 

*Schizothrix calcicola (Ag.) Gom. 
*Schizothrix friesii (Ag.) Gom. 
Schizothrix mexicana Gom. 

*Schizothrix ~. 

Bacillariophyta (Diatoms) 
Actinella punctata Lewis 
Asterionella formosa Hass. 
Eunotia sp. 
Eunotia ~rvata (Kutz) Lagerst. 

. Eunotia exigua (Breb. ex Kutz) Rabh. 
Eunotia fluxulosa Breb ex Kutz 
Eunotia incisa W. Sm. ex Greg. 
Eunotia pectinalis (O.F.Mull) Rabh. 
Eunotia serra Ehr. 

*Eunotia tautoniensis Hust. ex Patr. 
Frustulia rhomboides (Ehr.) Det. 
Frustulia rhomboides var. 

capitata (A.Mager) Patr. 
Frustulia rhomhoides var. 

saxonica 
*Frustulia vulgaris (Thwaites) Det. 

Gomphonema parvulum Kutz 
Nitzschia obtusa W. Sm. 
Nitzschia sp. 
Pinnularia gibba Ehr. 
Pinnularia substomatophora Hust. 

*Pinnularia socialis (T.C.Palm) Hust. 
Pinnularia viridis (Nitz.) Ehr. 
Synedra ulna (Nitz.) Ehr. 
Tabellaria fenestrata (Lyrgb.) Kutz 
Tabellaria flocculosa (Roth) Kutz 

* Species not in previous lists of Pine i:::arrens algal species. 
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Table 7. Algal species restricted in their distribution to only 
disturbed or undisturbed streams. * = found in 2 or more 
streams. 

Disturbed 

*Chaetophora ~. 

*Staurastrum ~. 

*Schizothrix mexicana 
,.-

Bulbochaete sp. 

Closterium kuetzingii 

Closterium ralfsii 

Pleurotaenum ~. 

Vaucheria ~. 

Calothr ix ~. 

Porphyrosiphon splendicus 

Schizothrix ~. 

Actinella punctata 

Gomphonema parvulum 

Nitzschia obtusa 

Nitzschia ~. 

Pinnularia ~. 

Synedra ulna 

*Tabellaria flocculosa 

19 

Undisturbed 

*Micrasterias ~. 

*Penium sp. 

*Eunotia Flexulosa 

Micrasterias rotata 

Schizothrix calcicola 

Eunotia exigua 

Eunotia tautoniensis 

Pinnularia substomatophora 

Pinnularia socialis 

Pinnularia viridis 



samplings throughout the year. 

Table 7 lists those species which occurred only in either 
disturbed or undisturbed streams. Since most of these species 
occurred in only one stream (and many on only one or two 
occasions), it is difficult to conclude that the restriction to one 
stream type or another is primarily controlled by water quality. 
Unrecognized characteristics peculiar to a particular stream may 
have more of an impact. However, the restricted distribution of 
Chaetophora sp., Staurastrum sp., and Schizothrix mexicana to two, 
and Tabellaria flocculosa to three disturbed streams, and 
Micrasterias sp., Penium sp., and Eunotia flexulosa to two 
undisturbed streams suggests that these species may in fact be 
responding to water quality. 

SpeCies richness. based simply on the number of species 
present, was significantly greater in the disturbed streams (6.4 va 
4.8 species, respectively; F=6.73, p <0.05). Although traditional 
diversity indices cannot be calculated from these data, because of 
the lack of quantitative abundance data, an attempt was made to 
weight the number of species by their relative abundance. Numerical 
values from 0-4 were assigned for species recorded as being absent 
to dominant. These numbers were then used to calculate a relative 
diversity index (RDI) by the follOWing formula: 

RDI· = ", n. E (A .. ) 
J \I ) ~J 

where n·= total number of species in sample j, a"ld Aij= abundance 
value (0-4) for species i. 

This method places more weight in the index on the number of 
species than on relative abundance, which seems appropriate given 
the subjective nature of the relative abundance values. Thus, a 
sample with 8 speCies, each with an abundance value of 2, would 
have a higher diversity index than one with 4 species, each with an 
abundance value of 4 (11. 3 vs 8.0). 

Analysis of variance of this di versi ty index indicates that 
disturbed streams also have a Significantly higher relative 
diversity than undisturbed streams (F=5.06, p < 0.05). It is well 
documented that desmids tend to predominate in acid waters (Patrick 
et ale 1979). Since disturbed streams were significantly less 
acidic than undisturbed streams, a shift in the importance of 
desmids might be expected. Statistical comparision of both the 
absolute number of desmids and the proportion of desmids showed no 
significant difference between disturbed and undisturbed streams. 

Of the 52 algal species encountered during the study, only 14 
occurred regularly (in at least 5 samples and at least 2 streams). 
A correlation analysis of water quality and relative abundance (as 
defined above) was performed on these species. The resulting 
significant correlation coefficients (r=0.232, p < 0.05; r=0.302, p < 
0.01) are presented in Table 8. Except for Tabelloaria flocculosa, 
which occurred only in disturbed streams, these species would be 
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Table 8. Significant correlation coefficients for 14 common algal species versus pooled 
water quality data from all streams. 

Species ., ., ., ... III 
III ., 0 QJ 
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1/1 ~ 0 ... 0 g 1/1 QJ QJ 
0 '0 ... § :J ~ .Q .... 8 ~ :J '" :J .... '" U .0: I%l f>l W "- Eo< f< Parameter 

pI! .411 .278 .310 -.254 -.27~ .654 .446 -.240 .313 

Alkalinity .588 .476 .318 

NH3-N -.:116 

N03-N .663 .472 -.365 .437 .618 

Total P .263 .3:'8 -.236 .344 

Conductivity 

TDS .274 -.234 -.323 -.476 .283 

DO .241 -.358 .334 

Temperature .275 .263 

Velocity -.254 -.261 .413 -.538 .592 .429 

Discharge .238 -.262 -.238 -.368 
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considered more or less cosmopolitan as they occurred in at least 3 
streams, including at least one characterized as disturbed and 
tmdisturbed. 

The abundance of most of these regularly occurring species was 
significantly affected by pH, with 6 species being positively 
correlated a..l'ld 3 species being negatively correlated (i.e., more 
abundant as pH decreases). N0 3 was positively correlated with the 
abundance of 4 species and negatively correlated with 1, and 
total-P was positively correlated with 3 species and negatively 
correlated with 1. Species significantly correlated with N03 were 
not correlated wi th total-P, and visa versa. A third group of 4 
species were not correlated with any nutrient measured. Frustulia 
rhomboides was the only species negatively correlated with both pH 
and nitrate, and Etmotia pectinalis-; Etmotia sp., a.."ld Tabellaria 
flocculosa were the or.ly species positively correlated with both pH 
and nitrate. 

Only 2 species were significantly correlated with temperature, 
suggesting surprisingly that for most speCies, seasonality had 
little effect on abundance. A similar result was obtained fran the 
analysis of variance of species number and relative di versi ty; time 
of year had no statistically significant effect on either 
parameter. 

Moul and Buell (1979) and Patrick et ale (1979) have listed 
several species that they consider characteristic of acid Pine 
Barrens waters. Among these are Zygogoneum ericetoreum, Mougeotia 
sp., Tabellaria flocculosa, Frustulia rhomboides, Actinella 
punctata, and Batrachospermum sp. It might therefore be concluded 
that these species would be better represented in the tmdisturbed 
streams in this study. While two of these species. (h ericetoreum 
and F. rhomboides) do tend to be especially prevalent in the 
tmdisturbed streams, two other species (Mougeotia sp. and L.. 
flocculosa) are more closely associated with the disturbed streams 
(especially h flocculosa) and the remaining two (Batrachospermum 
sp. and h punctata) occur equally well in either stream type. 
This ill us trates the difficulty in defining and distinguishing an 
algal assemblage characteristic of disturbed or tmdisturbed 
streams. It appears that even the disturbed streams are 
sufficiently acid (none had a pH> 6.8) to restrict its flora to 
primarily acid lOving species, thus blurring the distinction 
between the stream types. Consequently, even though 28 species were 
fotmd restricted to one stream type or another, it is difficult to 
conclude they are only responding to water quality (especially 
considering their general rarity in any stream). There are several 
species, however, which may be described as more characteristic of 
one stream type than another. These are (disturbed) Chaetophora 
sp., Staurastrum sp., Schizothrixmexicana, Tabellaria flocculosa, 
Closteriurn sp., Mougeotia sp., Etmotia pectinalis, and Etmotia sp., 
and (undisturbed) Micrasterias sp., Penium sp., Etmotia flexulosa, 
Spirogyra s p., Zygogoneum ericetorum, and Frustulia rhomboides. 
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The major difference between disturbed and undisturbed 
streams demonstrated by this study is an increase in species number 
and relative diversity in disturbed streams. This is the classic 
response described for Pine Barrens streams when disturbed, and is 
usually related to the elevated pH which allows non Pine Barrens 
species to colonize otherwise inaccessible Pine Barrens habitats. 
However, given that acid loving species also seem characteristic of 
disturbed streams, it appears that increased nutrients (N0 3) may be 
at least partially responsible for these differences, perhaps by 
reducing competition for otherwise scarce nutrients. , 

Macrophytes 

The relati ve abundance and general ha bi.tat of the 75 
macrophyte species collected in this study are presented in Table 
9. Vegetation maps of each stream length sampled are presented in 
figures 3 to 8. These maps illustrate the distribution of dominant 
species for ea~h stream generalized over the collection period. 

The stream lengths sampled are relatively small for a 
botanical survey, but are sufficient to allow an initial comparison 
of stream environments. Only dominant and/or readily apparent 
species were collected along with subjective, generalized 
indications of abundance and habitat. No attempt was made to 
quantify macrQphyte distribution and abundance based on physical 
differences in habitat, such as available light, degree of 
inundation, substrate, water velOCity, and upstream seed sources. 
Because of the manner in which streams were chosen (second and 
third order, paired from the same watershed and with similar 
drainage areas), mos t of these factors were reasonably well 
controlled among streams. 

Although each stream exhibited unique characteristics, they 
are broadly comparable in most habitat features (Table 1). The 
most important difference among the streams is the openness of the 
canopy and the extensiveness of the bog habitat. An open canopy 
and extensive bog tended to gr-eatly increase macrophyte species 
diversity. The Sleeper and Skit sampling areas include portions of 
abandoned cranberry bogs, and their species lists strongly reflect 
this. Albertson has some backwater bogs, but nothing comparable to 
Sleeper and Skit. The area sampl ed at Springers includes no bog 
habitats, although there were a great diversity of bank habitats 
which also tended to increase species diversity. The canopy of all 
four streams was generally open. 

The sample area at Burr~s Mill is a densely closed canopy. The 
only plants recorded at this location occurred in the small open, 
unshaded area immediately around the bridge. Utricularia was the 
only exception. It occurred elsewhere along the stream throughout 
the year and appeared to have been washed downstream during high 
flows from the large bog several hundred meters upstream. 
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Table 9. Species list of macrophytes collected in each stream by general habitat from 
March 1982 to February 1983. Open circle indicates species was present. 
Solid circles indicates it was dominant. • = Also collected in bog habitats. 

.-{ c. 
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~ Ul IV 2: Ul 
IV .., 0' '0 k 
0. k C .. c: IV 
IV IV .., .... k IV '0 
IV .Q .... k ~ 0' .... IV .... .... :< fk '" 0 ... '" III .( III J'I J'I "- "-

General Collection Habitat 

Submerged/Emergent/Floating 

Species Common Name 
N 
,j:>. Sparganium american.w Branching rurreed • • • 0 

Potamogeton epihydrus Ribbon leaf Pondweed • • 
Potamogeton pusillus Slender Pondweed • • 
Elcocharis Robinsii Spike rush 0 
Eleocharis tenuis Spike rush 0 
Eleocharis olivacea Spike rush 0 0 0 
F.leocharis aciculari~ Spike rush 0 
Eleocharis tuberculosa Spike rush 0 
Scirpus subterminalis Swaying bulrush • 0 • 
Peltandra virginica Arrow arum 0 0 0 0 
xyris difformis Yellow-eyed grass 0 0 0 
Eriocaulon compressum Pipewort 0 
Juncus militaris Bayonet rush • • • Pontederia cordata Pickerelweed 0 
Nuphar. variegatum Bullhead lily/Spatterdock 0 0 0 
Nymphaea odorata Fragrant water lily • 0 
Callitriche heterophylla Water starwort • • Ludwigia palustris Water purslane 0 0 • 0 

Utricularia fibrosa Bladderwort 0 0 

o Occurrence 
• Dominant occurrence 



Table 9 - Continued 
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Water Margin - Bank 

Lycopodium alopecuroides Foxtail Clubmoss 0 
Sagittaria englemanniana Arrowhead • 0 0 
Glyceria obtu~ Blunt manna grass 0 0 0 0 0 0 
Agrostis scabra Hairgrass 0 
Agrostis perennans Upland Bent grass 0 

I\J *Leersia oryzoides Rice cutgrass 0 0 0 0 0 0 VI 
Panicum clandestinum Panic grass 0 
*~ commutatum Panic grass 0 0 0 0 
*Panicum virgatum switchgrass 0 0 0 
*Panicum agrostoides Panic grass 0 
*Panicum Sp.A Panic grass 0 0 
*Panicum ~ Panic grass 0 0 
·~sp.C Panic grass 0 0 
. Echinochloa ~. Millet 0 
Cyperus strigosus Umbrella Sedge 0 0 
Cyperus dcntatus Umbrella Sedge 0 0 

*Dulichium. arundinaceum 3 Way Sedge • • • • • 0 
*Scirpus cyperinus Woolgrass 0 0 0 
Carex crinita Fringed Sedge • care; Walteriana Sedge 0 0 ----------Carex canescen.:!. Sedge 0 0 0 

"Also collected in bog habitat 
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Water Margin - Bank 

Carex atlantica Sedge 0 
Carex lurida Sallow Sedge 0 0 
Juncus effusus Soft rush 0 0 0 0 
!Jelonia bullata Swamp Pink 0 
Sisyrinchium §E. 0 

I\) Iris versicolor Blue flag 0 0 
0\ Polygonum puncta tum Dotted Smartweed • • 

Polygonum sagittatum Arrow-leaved Tear Thumb 0 0 0 
Polygonum arifolium Halbred Tear Thumb 0 0 
Impatiens capensis Spotted Touch me not 0 0 
Triadenum mutilum Dwarf St. John's wort 0 • *Triadenum virginicum Marsh St. John's wort • • • • 0 0 0 
Triadenum canadense St. John's wort 0 
Decodon verticil latus Swamp loosestrife 0 0 

*Rhexia. virginica Meadow Beauty • • • 0 
*Vaccinium macrocarpon Cranberry • 0 • 

Lysimachia terrestris Yellow loosestrife 0 0 
Lycopus virginicus Mint 0 0 
Galium tinctorium Stiffmarsh bedstraw 0 0 
Lobelia cardinalis Cardinal flower 0 • 
Mikania scandens Climbing !Jempweed 0 0 

~~ Beggars tick 0 



Table 9 • Continued 

... 0. c: ... ~ 0 ~ ~ ~ II) til II) ~ 
til ... 0' 0' 'U til 
0. ~ .~ III ~ c: 'U 
CII 11 ... ~ CII CII 
CII .,.j ~ ~ .,.j CII ... ... ~ 0. :s ~ to.. 
(J) ..: (J) III r.. 

Bog 

Agrostis altissma Hairgrass 0 0 
Andropogon virginicus-glomeratus Broomsedge 0 

I\) 
Scirpus pungens Rush 0 

--.J Eriophorum virginicum Virginia cottongrass 0 
Rhynchospora capitellata Beakrush 0 0 
Cladium mariscoides Twigrush 0 0 
Carex stricta Sedge 0 0 
carex bullata Sedge 0 0 
Juncus canadensis Rush 0 0 
~nthes tinctoria Redroot 0 0 0 
Drosera intermedia Sundew 0 0 
POiY9Ala cruciata Milkwort 0 0 
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SLEEPER BRANCH 
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Juncus militaris 

Scirpus subterminalis 

Eleocharis sp. -
Nymphaea odorata 

Bog vegetation 

Sagittaria. englemanniana 
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( 5 6 '--, ,5 / 

l / _/ 

Figure 3. Composite dominant macrophyte vegetation map of Sleeper Branch 
Branch from March 1982 - February 1983. Dashed lines represent 
limits of bog habitats. Arrow indicates direction of water flow. 
See Table 9 for the types of bog vegetation encountered. 
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ALBERTSON BROOK 

1 Juncus militaris 

2 Sparganium americanum 

3 Callitrich e' heterophylla 

4 Polygonum punctatum 

5 Scirpus subterminalis 

6 Cut Grasses 

, 
r:==>= z ....,r~-, 

Figure 4. Composite dominant vegetation map of Albertson Brook from 
March 1982 - February 1983. Dashed lines represent intermittently 
submerged sand bars. Arrow indicates direction of water flow. 
See Table 9 for the types of cut grasses encountered. 

29 



SKIT BRANCH 
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2 2 I 

..... ___ .,.,.1 
5 ---

1 Juncus militaris 

2 Scirpus subt erminalis 

3 Eleocharis sp." 

4 Potamogeton pusillus 

5 Bog vegetation 

Figure 5. Composite dominant macrophyte vegetation map of Skit Branch 
from March 1982 - February 1983. Dashed lines indicate limit of 
bog habitat. Arrow indicates direction of water flow. 
See Table 9 for the types of bog vegetation encountered. 
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SPRINGERS BROOK 

2 

1 Sparganium american urn 
, 

2 Callitriche heterophylla 

3 PotamQgeton epihydrus 

4 Potamogeton pusillus 

5 Lobelia' cardenalis 

6 Carex crinata & cut grasses 

,7 Polygonum punctatum 

Figure 6. COmposite macrophyte vegetation map of Springers Brook from 
March 1982 - February 1983. Dashed line represents intermittently 
submerged sand bars. Arrow indicates direction of water flow. 
See Table 9 for the types of cut grasses encountered. 

31 



BURR'S MILL 

. 
1 Eleocharis sp. 

2 Hypericum virginicum 

3 Nuphar sp. 

Figure 7. Composite macrophyte vegetation map of Burr's Mill from 
March 1982 - February 1983. Arrow indicates direction of water 
flow. 
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FRIENDSHIP CREEK 

1 Sparganium americanum 

2 Potamogeton epihydrus 

3 Iris versicolor 

Figure 8. Composite macrophyte vegetation map of Friendship Creek 
from March 1982 - February 1983. Arrow indicates direction of • 
water flow. 
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Friendship also is characterized by a closed canopy and no bog 
habitats, so that most of the species occurred only in the area 
around the bridge. A small stream discharging into the mains tream 
just upcurrent from the bridge was surveyed as a supplemental 
sampling area (feeder). This shallow, open canopy stream was 
choked with emergent plants, many of which were characteristic of 
bogs from the other streams. 

J\IDCUS militaris was the dominant sutmerged species at both 
Sleeper and Albertson, forming dense and extensive beds in channels 
and shallows (Fig. 3 and 4). The major difference between these 
two streams was the abundance of Sparganium americanum and 
Callitriche heterophylla at Albertson. Both species formed dense 
bottan-to-sUI"face beds in shallow water along the stream. bank. At 
Sleeper, Polygonum punctatus, along··wi th Leersia oryzoides, 
occupied high sand bars that were sutmerged during periods of high 
water. Various species of Eleocharis were also common on the 
exposed sand bi:lrs, and dense stands of Scirpus subterminalis 
occupied the stream channels with J\IDcus. 

Juncus militaris and Scirpus subterminalis were the dominant 
sutmerged species throughout bog and non-bog portions of Skit (Fig 
5). Potamogeton pusillus formed dense bottom-to-surface beds in 
shallow water along the bank in both Skit and Springers .··Sparganilm 
americanum and Potamogeton epihydrus \-lere dominant in slightly 
deeper water at Springers (Fig 6). As it did in Albertson,.. .. 
Callitriche heterophylla formed dense beds in Springers. Lobelia 
cardinalis and Polygpnum punctatum were dominant on the vertical 
banks and PolYgonum punctatum, Carex crinita, and Leersia oryzoides 
dominated the occasionally submerged sa.."ld bars at Springers. 

The general absence of aquatic plants at Burr'. s Mill is 
puzzling, particularly in light of the near upstream bog seed 
source. As mentioned, only in an open area receiving direct 
sunlight on bottom sediment exposed during the minimum flow period, 
did a few species (Eleocharis olivacea, Nuphar variegatum, 
Triadenum virginicum, and Panicum spp.) take a brief hold (Fig. 7). 
The vegetation at Friendship chiefly consisted of an open area 
aro\IDd the bridge which was choked with Sparganium americanum and 
Potamogeton epihydrus, despite the diverse feeder stream 
immediately upstream (Fig. 8). 

In order to compare species distribution between disturbed and 
undisturbed streams, species occurring in 2 or 3 undisturbed 
streams only were labeled "undisturbed". Similarly, species 
occurring in 2 or 3 disturbed streams only were labeled 
"disturbed". Species occurring in most streams, regardless of 
type, were listed as "common" and those found only in one s treani. 
were listed as "uncommon" (Table 10). Nearly all of the common 
species have been described as part of the characteristic Pine 
Barrens aquatic flora by previous workers (McCormick 1979, Olsson 
1979, Pinelands Commission 1980). Seventy percent of the species 
in the undisturbed group are characteristic of the Pine Barrens, 
while only 36% of the disturbed group are so characterized 
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Table 10. Macrophyte species classified based on distribution patterns amonq streams. 
* = described by previous workers as a member of the characteristic Pine Barrens flora 
(McCormick 1979, Olsson 1979, Pine lands Commission 1980). 

Disturbed 

*sparqanium' american 11m 
*Potamogeton epihydrus 
*Iris versicolor 
POlYgonum puncta tum 
Polygonum saqittatum 
Callitriche heterophylla 
Impatiens capensis 
Lycopus virqinicus 
Calium tinocotorium 

*LObelIa cardina1is 
Mikania scandens 

Undisturbed 

Agrostis altis~~~ 
Panicum Vir9<19!ID. 
Panicum §.E..l! 

*Cyperus dentatus 
*Eleocharis olivacea 
*Rhynchospora alba 
*Cladium mariscoides 
~ stricta 

*Carex ~ 
*Xyris difformis 
*Juncus canadensis 
*~nthes tinctoria 
*~£lliI.!!!l. o(]9..rata 
*~~ .intcrmedi:.n.. 
*Polygal.!!. £uchta_ 

Lysimachia terrestris 
*Utriculari/! fibrosa 

Common 

*Potamoqeton pusillus 
*§a2ittaria Englemanniana 
*Glyccria obtllsa 
• Le'ez:sIa oryZoldeS 

Panicum commutatum 
Panicum ~ 

*Dulichium arundinaceum 
*Scirpus cyperinus 
*Scirpus subterminalis 
*Peltandra virginica 
*Juncus militaris 
*Juncus effusus 
*TrT;;dCrlllm virginicum 
*Rhnxi~ virg!nica 

I.udwiqia palustris 
'Vaccinium macrocarP2n 

Uncommon 

Lycopodium alopecuroides 
Aqrostis scabra 
Aqrostis percn;ans 
PanicU;-clandestinum 
~ agrostoides 
Panicum Sp C 

*Andropoqon-Yirginicus 
Echinochloa ~. 
Cyperus striqosus 

*Eleocharis Robbinsii 
*Eleocharis tenuis 
*Eleocharis ~aris 
*Eleocharis tuberculo!'la 
*SciCJ~ punq;:;;:;;:;---­
*Eriophorum virqinicum 

Rhynchospora capitellata 
Carex crinita 
Carex Walter.i...ilM.. 

*Eriocaulon compressum 
*Pontederia cordata 
*Helonias bu~ 
Sisyrinchium ~~ 
Polyqonum arifolium 

*Nuphar varieqatum 
~num mutilum 
Triadenum ~se 

*Decodon verticillatus 
BIdeil'Scernua ------Carex canescens 
Carex atlantica 
Carex ~ 



according to these references. Some of this difference may be due 
to the extensive bog habi tats sampled in undisturbed streams (Skit 
and Sleeper), but this difference also suggests that colonization 
by non-Pine Barrens species is a resul t of disturbance. 

This conclusion is echoed by analysis of Stone's (1910) survey 
of the southern New Jersey flora, which occurred before the types 
of disturbance investigated here (elevated pH and nutrients) were a 
s9rious concern. Distribution data on 8 of the 11 species 
classified as characteristic of disturbed sites (in this study) and 
12 of the 17 species characteristic of undisturbed sites are 
provided in Stone's study (Table 11). The species are grouped as 
either occurring in the Pine Barrens, or in the state, but not the 
Pine Barre.'1s, based on Stone'·s description. The data clearly 
indicate that the species described by Stone as being found in the 
Pine Barrens are fO\md predominately in the \mdisturbed streams, 
a1'ld that the disturbed streams now contain many species which 
formerly were ~ot considered part of the Pine Barrens flora. 

The numbers of species occurring at each stream according to 
various groupings are presented in Table 12. (Note that the sum of 
sui::merged, bog, and marg:l..n species need not equal the total number 
of speCies, since there may be some species present that could not 
be conveniently classified, or some species may have occurred in 
!!lore than one habitat.) Once again, the high number of bog species 
at Sleeper and Skit is primarily responsible for the greater total 
number of species in these streams. Comparison of subuerged and 
floating species between disturbed and undisturbed streams does not 
show any obvious trends. Simila:-Iy, the number of species in the 
water margin or bank grouping shows no consistent trend between 
groups. There are relatively more bank species in Sleeper, 
Springers, and the feeder stream at Friendship. This is consistent 
with field observations of greater margin habitat at these 
locations, and probably not related to differences in water 
quality. 

In summary, a major effect of disturban~e, based on 
observations of these streams, appears to be a shift in species 
dominance from Eleocharis spp. and Scirpus subterminalis to 
Sparganium americanum, Callitriche heterophylla and Potamogeton 
epihydrus • Juncus mili taris can be dominant in ei ther stream type. 
In addition, there appears to be a significant incursion of 
non-Pine Barrens species into the disturbed streams. However, this 
concl usion mus t be tempered by the general lack of comprehensive 
field surveys of Pine Barrens macrophytes. The large number of 
species apparently restricted to only disturbed or \.IDdisturbed 
streams, and comparison with Ston~ s (1910) early work, though, 
strongly suggests that disturbance acts directly on species 
composition by allOWing non-Pine Barrens species to colonize these 
streams. Overall species diversity, at least in the non-bog 
habitats, is apparently little affected. 
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Table 11. Distribution of macrophytes characteristic of present day 
disturbed and undisturbed Pine Barrens streams in early 
part of the century (Stone 19]0). 

Disturbed 

Undisturbed 

Common in State, 
but not Pine Barrens 

Iris versicolor 
Polygonum punctatum 
Polygenum sagittatum 
Callitriche heterophylla 
Lobelia cardinalis 

Carex stricta 
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Found in Pine Barrens 

Sparganium arnericanum 
Potamogeton epihydrus 
Lycopus virginicus 

Panicum virgatum 
Cyperus dentatus 
Eleocharis olivacea 
Rhynchospora alba 
Carex bullata 
Juncus canadensis 
Lachnanthes ··tincNsrta 
Nymphaea odorata 
Drosera intermedia 
Polygata cruciata 
Lysimachia terrestris 
Utricularia fibrosa 



Table 12. Number of macrophyte species by various categories in the 
six study streams and one supplemental sampling site at 
Friendship (feeder) . 

Species Number 

Stream Undisturbed Disturbed 
Submerged/ 

Bog Margin Total 
floating 

Sleeper 16 11 20 15 42 

Albertson 7 7 7 7 21 

Skit 14 9 24 5 34 

Springers 10 6 5 16 28 

Burr's Mill 3 4 5 7. 8 

Friendship 6 4 4 8 15 

Feeder 2 1 2 8 11 21 
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Aquatic Insects 

Identifications. It is often difficult to identify immature stages 
of insects to species level because they are not taxonomically as 
well known as adults. In order to be consistent and objective, we 
have been maximally taxonomically conservative. 

In situations where it was possilbe to separate different 
species but not to confidently assign a name to each, each species 
was assigned a number (eg. Sigara spp. 1-8; Table 16; Hemiptera). 
In some genera, no species identifications were possible, 
therefore, all specimens were classified as sp. or spp. (eg. 
Leptoceridae; Table 16; Tricoptera). Genera in which no species 
identifications were possible were always considered monotypic when 
computing species richness. 

Sometimes.one or more species could be identified in a genus, 
yet there were still a residual of unidentifiable specimens which 
mayor may not have been unique species. These individuals are 
listed in Tables 13 and 16 as sp.(?) or spp.(?). Species 
classified in this category were never included in species richness 
analyses. 

When identifications are based only on adults, it sometimes is 
difficult to determine whether or not occurrence is fortuitous. A 
major advantage of working with immatures is that it conclusively 
establishes that a species reproduces in a given habitat. This is 
critical information when specied are being assessed as potential 
indicator organisms and it partially counter-balances the taxonomic 
drawbacks discussed above. 

Species Richness. There is a dearth of information regarding 
insect diversity in the Pinelands. Most available information is 
too general (i.e., no species level identifications), antiquated 
(Smith 1910), or inaccurate because it is based on antiquated data 
(usually Smith 1910). The list of ins~cts c?llected in this study 
(Table 13) considerably expands portions of lists of lotic insects 
provided by McCormick (1970), Patrick et ale (1979), and Lloyd et 
ale (1980). This is especially true for Coleoptera, Ephemeroptera, 
and Plecoptera. We record a total of 147 species of insects 
(excluding Diptera) for the six study sites. This number could 
easily exceed 200 when dipterans are eventually identified and the 
taxonomy of numerous genera is clarified. It is interesting to 
note that generic diversity of insects (104) exceeds species 
richness of the other groups (algae, macrophytes, fish) analyzed in 
this project. 

Total species richness, excluding Diptera, was somewhat higher 
in disturbed (122 species) than undisturbed streams (104 species; 
Table 16). Species richness of undisturbed vs disturbed streams, 
either by insect order, stream, or habitat, is difficult to assess 
because there are no apparent trends (Tables 14,15). However, 
species counts tended to be a little higher in disturbed 
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Table--1L 

:i5: of coLlec"ec "axa tha" could be ide~:ified and/or named. 7axa 

ar~ l~s:ec alph~etically by order, family. genus, and species (if species 

are cesignatec ~y number, they are lis"te:! chronologica.lly). 

CO:EOP::::?A 
Ch!"yso::eliciae 

~o~a=ia Fabricius 
DO:i.acia sp;:. 

CU!'c~:ior .. id.3e 
Q::·t=~·:!is Le:onte 

O:wchv lis sp. 

Dy:isc~ca" 
.;c:..:.:.~s ~each 

----Z:-rnedia:'ls (5ay ) 

~;:a.::us :eac:: 
!::.. ga,a1:es Aube 
f:.. semi vi ::a:us (LeConte) 

3~~essonc~us Regiceart 
2.. inc":ls:>~cuus (LeCon",,) 

~. ~~nc~u:a1:Us Aube 

:O~'":::tO:7i:':'S Say 
_ :'~T;e:;"roga-:us (Fabricius) 
: . .ien:':"c'.!s Hilser:.hoff 

~es~~~ec~~:'c Eab~n6~o~ 

.=.. ~ «.\!be) 

;:··:~~c:>o!"US Clair\-ille 
~:ancharc:. Sherman 

r._ 
E. 

clynea!is Sharp 
::~2.i u:us Fall 
lc~a't\!s Sharp 
rneI:!tUs LeCo~"e 
t~ianw~laris fall 
'J.,:lula1:1..:s Say 

~acco~~~!~s Leach 
=.. ::ac"los"s maculosus Say 

bicarina-:us (Say) 
:(. ~~Leech 
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Elmidae 
Ancyronyx Erichson 

!. variegata (Ge~arl 

Macronvchus Muller 
~. glabratus Say 

Microcylloepus Hir.':on 
!!.. pusillus t:us~:lus (Le:c·:::a 

Ootioser~~s Sandersor: 
£. !E.. 1 

O~imnics Des Gozis .~ 
£. la~iuscul~s(LeCo~~e) 

Promoresia Sande~so~ 
P. "ardella(:alll 

Gyrinidae 
Dineutus Ma= Lea~~ 

D. cilia:us (:ors~er~~ 
D. ciscolo!'" p..~e 
n. nigrlor Robe~~s 

Gvrinus Geoffrov 
~SO.l • 

:£.~. 2 

Haliplidae 
Haliolus La"reille 

H. fasciatus Aube 
H. leonardus ?~be~~s 

Peltody"es Regirr~ar1: 
P. bradleyi 'fou:::g t. ~ (LeCc~1:e) 

Hydrophilidae 
Berosus Leach ---.r.-!E.. 1 



Table 13 (continued) 

Cv~iodVea Bedel 
C. ro"Cunda (Say ) 
c. VIiidI"Cata Fall 

~nochrus Thomso~ 

E.. ~(Say) 

SDe~chopsis LeConte 
~. tessellatus (Ziegler) 

Tropisternus Solier 
~. natator d'Orchymont 

Hycro~hidae 

Hydrochus Leach 
H. '~. ~ 

N01:9ridae 
Hydrocan'thu£ Say 

~. iricolo>;:. Say 

D!PT~RJ.. 

Cera-::o?ogonidae 
Cr~iro:'lo:!lid.ae 

C...:licicas 
P-:ychc?~er;'dae 

Simulidae 
:abaniciae 

EPHE~~r::RC?7EFJ.. 

Bae~~tae 

Eae"tis i..eac:-: 
~etis se. 

Baetis SPa 2 

3ae-:iscidae 
Bae-:isca. Walsh 

~. laurene~Mc Dunnough 

E?he:'J:!"'t?:2.iciae 
Eurvloonella Tiensu~ 

_. bicolor (Clemens) 
2. ~lis (Mc Dunnough) 

He?~ageniidae 

S~e~onema Traver 
s. modestum (BanKS) 

i..e?'to?hlebiidae 
:"ep~oDhlebia Westwood 

.!=.. cupida (Say) 

?araleptophlebia Lestage 
!.~. 
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M"tretopodidae 
Si~hloDlecton Clemens 

~. ~:Walker) 

HEMIPTERA 
Belostoma;:icae 

Abecus Seal 
~orna La~reille 

Corixidae 
Hesoerocorixa Kirkaldy 

H. I ucida <Abbott> 
f.. iiiiriO'r <Abbottl - ---

Palrnacorixa Abbott 

? 

t. ~~ Walley 

Sigara Fabricius 
.§.. !2." 1 
s. so. 2 
s. !E: 3 
S. ~. .. 
S. 
~. 

s. 
S. 

~. 

!E-
s;=:. 

!E." 

6 
7 
g 

1richo-::orixa K:'rkaldy 
calva (Say) 

•. rnacroce'Ds <Kirkaldy) 

Gerridae 
G~r~:s !ab~icius 

argenticollis Pa!"shle~; 

G. insDera~us Drake anc f.o~~es 
~. rerr..igis Say 

Lirnnopcrus Stal 
L. canalicula'tus (say) 

Trepobates ~ler 
~. ~ ,"ierrich Schaeffer) 

Mesovel:'idBe 
Mesovelia Mulsant and Rey 

r-:. S?p .. 

Nepidae 
NeDa Linnaeus 
~!;. a~icula.a Uhler 

Rana~!"'a Fabricius 
P~. fusca Paliscf-Beauvois 
~. ~ldyi Torre-Bueno 



':"able 12- (coni:inued) 
Notonec-:idae 

l-;ctone>::ta l..innaeus 
h. ir!"ora"ta Uhler'­
N. uhleri Kirkalcy 
N. pettUnkevi ::cbi Hutchinson 

Veliidae -
Microvelia Was:wood 

~. pulchella ~estwood 

Rhagovelia Mayr 
R. o:,esa Uhler - ---

LEPIDOPTER}. 
Pyralidae 

ParapoyOlx Hclmer 
f: maculas is (Slemen::. ) 

?e~roDhila Guilding 
f'. !E .. 

l".EGALOPTER.~ 

Corydalidae 
Chauliodes La~reille 

£. pectinicornis (Linnaeus) 

Nigronia Banks 
N. serricornis(Say) 

Sialicae 
Sia2.is 

~. ~. Latreille 

NEUF-OPTERF. 
Sisyridae 

Cl.!.i'!'lacia ~:ac Lachlan 
C. areolaris ~agen) 

ODO~~ATf. 

Aeshnidae 
Basiaescnna Selys 

~. janata (Say) 

Calop~erygidae 

Calopter\'x Leach 
C. dimidiata Bu!"meis~e~ 
:£. n:acu.lata (Beau'f.;ois) 

Ha-:ae!'ir.a Eagen 
ii- ar.iericana (Fabr'iciuS\ 

Coenag:rio:lidae 
A!"gi2. Rambur 

A. iumipennis fumioennis(Burmeister) 
!. ~ C:.tagen) ~ 
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Chr'omag!"ior; NeedhaI'!'~ 

£. conditurr. Hager. 

Enallagma 
1. • eli ..... agans Selys 
E. pallidurr. Roo, 
E. ~tuiii(i1ageTI) 

Ischnura Charp~ntier 
1 .. posi-:a(Hagen) 

Cordulegastridae 
Cordulegaster Lea=t 

c. diastatops (Sslys) 
£. rnaculai:e Selys 

CorduEidae 
Somatochlore. Selys 

§. . .:.E.. 

Tetragone~ia Eagen 
T. semiacuea (B~meiste~) 

Gomphidae 
Gornnhus Lea~h 
~exilis SelYE 

G. ;a;vTdens Cu:"rie 

Progomohus Selys 
P. o:,scurus (Rarr~ur) 

i..estidae 
Les~es Leach 
-----L-. inaequalis ~alsh 

Libellulidae 
Ladona l;eedharr, 

Libe:lula 
~. flavida F-arr':;u:-" 

Macromiidae 
DidymoDs Rar..DuT' 

E: 't:,ansversa( say! 

Hacronia Rar..bur 
N. allegha::.iensis K':'l1.ia~so!'". 

PLECO?TER}. 
Leuc~ridae 

Leuc~ra S~ephens 

.1:.. snp. 
Nemouridae ' 

Paraneurnour.s Neeclhar.: a:;.c C~aasse:: 
F. nerfe=ta (WalKer) 

?erlidae 
Acroneuria Pictet 

!:.: lycorias O~eWTr.2.n) 

Ferlesta Banks 
~: placida (Hagen) 

Ferlinella Banks 
!. drymo (llet.1llaTI) 



?erlodidae 
Isogenoides Klapalek 

Isogenoides SPa 

Isooerla Banks 

Table 13 (continued) 

I. marlynia Needham and Claassen 

Taeniopterygidae 
Taeniopteryx Pictet 

1.. parvula Bar:ks 

7?I':HOPTERA 
3racnycentridae 

?raccycentrus Cur~is 
B. numerosus Gay) 
~.~. 

nydroFsychidae 

CeratoClsyc!:e Ross and :jnzicker 
.£ .. ~ ("ass) 

Cheumatopsyche .allengrer. 
£.~. 

~i~lectrona ~estwood 
Q. ~ BanKs 

~VdroDsyche Pictet 
:to !letteni ?oss 
H. decalde Ross 
"H. ~is Banks 

:-iydropt:'lidae 
Hydroptila Dal~an 

t!..~. 

Gxvethir-a Eat:on 
2·~· 

Leoidostomatidae 
. Lenicostorea ~ambur 

'Wo SD. - ~ 

Leo"Coceridae 
- Ceraclea Stephefh:': 

£. ~. 

N'ectopsyche Huller 

~: ~. 

Triaenodes Mac Lachla~ 

I .. 5:: 

Limnephilidae 
':;oera Steohens 

~. sp-. 
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;{vda'toohylax r"ialla!1gre!l 
!:!.. argus (Harr is) 

IronoQuia Banks 
l .. 5:.. 

Limnenhilus Leach 
.f:..~. 

:ieoph'llax ~!ac.Lachlan 
~. ~. 

?la~ycentro?us Jl~er 

i.. !2.. 

?ycnopsyche 3anks 
P. scabri~ennis(Ra~t~r) 
? sp. 

~!olannidae 

1·!olanna Curtis 
~trVDhena Bet~en 

?hiloootamidae 
Chirnarra Stephens 

£ .. S? 

?hrygancidae 
?tilostomis Kolena~i 

~. !E.. 

?olycentropodidae 
~jeureclips is :·!ac Lachlan 

~.: ~. 

!';~lcticohylax Brauer 

l· ~. 
?olycen~roDus Cur~is 

~. ~. 
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Colcup 

~ Area R NR 

Skit 2 21 
----- I---

Sleepel' 0 11 
1----- i-

Burl's 
Mill 1 15 

Aluertson 2 18 

t'l'i"lldship 2 18 

------
Spl'in~el'G 1 1'1 

Table 1" 

Sl'ed "8 richness for edeh s tt'edlll Ly ins"~t Ol,del' and haui tdt. R= ri ffle; IlR= non r·iffle; 

'1'= total. The f i ('tit tlu'let! str'carns iH'C llIHlistu['be.u; the tiecond three <Ii ~tupllE!d. 

T 

23 

11 

15 

19 

1>1 

1'/ 

Trichop 
Ephem lIemip Lcpid Begalo!, Neurop Odonata Plecop 

R 

1 

2 

0 

3 

0 

0 

NR T R NR T R NR T J( NR l' l( Ill< T (( NR T l< Ill< '1' K tlR 

11 5 1 9 ~ 0 .0 0 1 2 2 0 0 0 0 11 11 0 6 6 1 10 

- '--- - -- - -- - - - - --- -
'I 5 0 11 11 0 0 0 1 2 2 0 1 1 1 14 111 0 6 6 3 15 

0 0 0 7 7 0 0 0 2 3 3 0 0 0 1 7 8 0 0 0 0 9 

-- - t--- -- -- - - - t--- 1-1-- - -
6 7 1 9 H 0 1 1 0 3 3 0 1 1 2 12 13 0 4 'I 9 18 

3 3 0 6 ( 0 0 0 1 2 ? 0 0 0 1 14 1'1 0 1 1 4 1" 

-,- - - - - :-.. --- -- - -- ---- -" .. - i- - -- - -- - f---

11 4 'I 14 1 ' 0 0 Ii 0 1 1 0 0 0 1 9 9 2 3 'I 0 ., 

TilLle 15 

Species richness for undisturLed streams (UD: Sldt, Sleel'er, Bur'rs Mill) and disturLed 

streams (D= Albertson, l'r'i,,"dsldp, Spr'ingel's). R= riffle; Ill<= non-I'i ftle; T= total. 

Totals 

T K NR T 

11 6 62 5G 
-- - --~ 
18 7 62 66 

9 4 41 '12 

i-
27 17 71 81 

18 8 58 63 

-- - --- -
7 0 55 57 I 

r<:::---:---.. ,=-:::. ... =---=:-~.'----., HI~"""·"· """".~ '- l,e 'LI.jU ). 

~)itut 
Are" ______ I< Nl< 'j' R III< T R NI< T R tll{ 'I "" ~ 'I" /" _2_f""':'" 21~ ~~ _O_~ ~ 

o 5 39 40 3 7 8 11 21 22 0 1 1 
1.-___ '-

~.J j( tJl< T I{ NR T. R. til( T . R NJ( ; R Nl{ Tffi ~ 0 1 1 4 24 25 ~ 3 19 21 

-_~_IT -3- -;- -;I~ -; -~:~ -;;:-~r~r~- ~-;- 2~ - --=. __ _ 



situations. The highest species number by stream was found in 
Albertson Brook (84 species) and the lowest in Burr's Mill (42 
species ). 

Distribution and Disturbed and Undisturbed Conditions. Analysis of 
distribution and abundance patterns of individual species appears 
more important than consideration of species richness in assessing 
the potential impact of stream disturbance on the insects. Since 
adult coleopterans and hemipterans tend to favor backwater 
habitats, which may experience unpredictable oxygen regimes, and 
are highly mobile (both within and between streams) and so poorly 
known, trends in their distributional patterns are difficult to 
assess based a single sampling locati m in each stream. In 
addi tion, in the case of Dytiscidae, which was one of the most 
commonly collected families of the two orders, extensive collecting 
experience of many of these species in a variety of habitats, both 
lotic and lentic, permanent and temporary, indicates distributional 
patterns too variable to allow interpretation of our data at this 
time (Wolfe unpubl. data). These groups are therefore excluded 
from the following analysis. An exception is the beetle family, 
Elmidae. Individuals in this family are not nearly as mobile, and 
tend to occupy habitats in moving water •. In addition, elmid 
sensi ti vi ty to stream disturbance in other localities has been 
shown, making preliminary interpretation of their distri0utional 
patterns useful. 

Although most insect species were present at some time during 
the study in both disturbed and undisturbed streams, a number of 
species showed a distinct preference for one stream type over the 
other (Table 16). ConSidering only those species occurring 
exclusively in two or three streams of a particular type, 
Eurylophella bicolor (Ephemeroptera), Perlinella drymo and Isoperla 
marlyia (Plecoptera), and Chromagr:ion condi tum, Somatochlora spp., 
Tetraogoneuria semiaguea, and Ladona spp. (Odonata) were found in 
undisturbed streams. Species found only in disturbed streams were 
Ancyronyx variegata (Coleoptera), and Brachycentrus numerosus, 
Cheumatopsyche sp., and Ceraclea sp. (Tricoptera). 

Analysis of the relative abundance of the collected insects 
reveals additional trends in species distribution between disturbed 
and undisturbed streams. The discussion below is generally limited 
to taxa represented by 10 or more individuals collected from more 
than one stream within a stream group. 

The possible impact of stream disturbance is particularly 
evident for elmid beetle (Table 16; Coleoptera). All elmids, 
except for one specimen of Stenelmis sp.1, were collected from 
disturbed sites. However, this trend requires further 
clarification because most elmid species were only rarely 
collected, some being represented by only one or two specimens from 
one stream. An exception to this rarity is Macronychus glabratus. 

_~ong ephemeropterans, Stenonema modestum was most abundant in 
disturbed streams, while Baetisca laurentina was most commonly 
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SKi .... 

Ta~le If 

Species o::cu!"renc€ and ab'.lndance by s1:t'ean:, !1a::,:'~a::, anc da~€. Eac:-~ occu=-renc,,= 

is !"epresentec. by a rp .. ltD.ner fo:lowed by 2nct:he~ TII.l.r:-';'e:- .( the la"tter ir. parent:heses). 

Da"!:es 0= collec"ticns are code;:: and are indicaTe:: b:: -:he fi!"s't number; tn-s 

nurr.ber of specimens collected or~ each col1ec-:ing c:a-:£: :'5 re;:reserrted by t!1oS 

followi~g nu~er, i~ parentheses~ Coaee dat:es are as follows: 1-23,24,29 

March 1982; 2-1" April 1962; 3-17 May 1982; 1,-3 June ~982; 5-1l July 1982; 

6-7 Septerrj)e:, 1982; 11-26 February 1983. R= rif::le; N?{= non-riffle. TnE: 

firs: t::'1yee streams i:-: eacr: table are undis-::l..!rbec an:: ~he second three st!'eams 

are dis-:::u!"'bed. Taxa are listec al?habe~ical::"jt, firs~ by order, then by family, 

genus, and species. 

Chr)-~so­

rne.Li:':..e 

PZ:C:E$ Dor.acia 

1 ~'FP' 

Curc-.:l­
icr,idae 

!Onychylis 
lSFP· 

Tatle lE. Coleo?~era 

Dy1:is­
cidae 

~ci.i.ius 

rnedia-:us 

. b.g~~us 

gagates 
~i~cceosns..ono"=uf :o?ela:·.:~s £g?~~~g:=\:.~ 
~:~Ul S iDu~:~u~at~~ "--IS __ __ 

f .. se"'i-

R I \10(1) 

rI4-(~3~)----~----'----~--------41,~7~(~:~)----~--------~--------~--------~,-2-(:-')-,-?-(:--) 
liP- I 

Sl..EE?:::R 

R 

NR 
BU':',.'l,S M7LL: 

R 
I~ f 'q'" 

_~~;=N~R~tl __________ ~ ________ ~ __________ ~ __________ ~ ________ ~ __________ l-__________ ~i6 2 ',7(3\ 
.r.LBER'1S0NI .8(2 ~?(1) 

;10(2\ ,11(E" 

R I _______ ~--__ ~------~------~----~----~~------~------i 
NR i 

!'RIENDSHIpl 

R 

NR 
5??"INGERS 

R r-------t-------~~--~~------~~----~~~~~~----~~----:(:) ,~gl:~1al, 11 (2) f(4) 
NR 
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Table 16. Coleoptera (continued) 

""'S?EC.l.ES I :. 
~':" I· oICo-'t-i,.. 1 

51(T-
R I 
~116~(~!~)----~:--------+~~~~~~:-~~~~~~~---------+:-2~(1-)----~---------

NR 

$"C;";;NGERSj 

~ !r------7------~~----~~~_+~~~~~----~~---L------­: 1( 1) 
NP. t 

:able ~6. Coleoptera (cor.~iu~ed) 

-''-S?::::.:~~ E. ! E. 
__ . _ 1; t1ncu:atus 1 Spy_ 

...l.yb.us I !. 
biguttulus i sp.(?) 

\ .I,..Iaccopn::..J.u~ Ea"tus I t· .. 
im.ma::ulosu~ bicarina"tc~ o.ovatu~ 

o ··?'tS r-;T I' I I 
r,4~(~:')-----+::~'(~1')------I'r---------r-------~---------;~2T(:r)r,~3~(~.l.~)--~,oT(~6~)----·--+-------

NR i ! 
.:'.:'3;:~;SON ~ 

R 1r--------01:1~(~~T)~,4n(~2~)~--------~--------~.~~~~1---------~--------~------­
i §Hl,S(l) t 

IIR ! 

.::C::::::isr;~p j-:' -;-:~;:-;-;~-7-il---------7------+;::-;-;:""---~~:_;;_;_:;_'ri-------i__------+_----.-
14(:),9(21) i 19(2) ; 2(:),8(1) 

Ii?- I t I i 

"??lljG'"?'~ r-,' --~117i3(72);---+1' ___ +-__ -+:-;-:-:--:-;-~-----+----I---
, t 7(2),9(2} 

~~ I I .L ________ ~ ________ ~t_C_J_(_:_. ____ L_ ________ ~ ________ _L ____ __ 
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Table lE. Coleop,e~a (co~~inuec) 

IH • 
.leopardus I' Pel -::ody-::es JF. spp. (?) 

,."" I 
f-nochrus 

liR 

R 

i8(1) I I' 

liR I ! 

;":BE!1:,SON"i I i, 

R ~I ______ ~ ____ ----I~" ______ ~ ____ ~~ ______ ~ ______ ~~---------------
NR I 

fRIENDS'.;"'? ! 

~ I~I --------~--------~------~1~2~(~1~)~,O~(~1~)~I~"--------~--------+---------~s~(71~)------
s,;p, i;~GtRS: 

R! ~O(~2~)----~~~~~~~~~~~~------r-----
NR r 

Table 16. Coleo?te~a (co~~inueG) 

Hy<iroc hidae NC~eridae 

<'-..s?=::!ES ~~Fchop- ITroFisternus Hydrochus ~-l?,~ocan~hu9 
.",.;'S-,.I,ess e!.la-::uslna-::ator I sp, I ::.r~colcr : 

! I R I 
1~17(~1),----t-------+-------117.47.(2~J-----+------~------~----------------

N? I : 

R 

I 
K" I 

; 3(2) 

! 
;IF'<S '<T~l.i I 

R rl------~1?,2(~1\)----+---~~1TI~ITT~------~------~---------~------
N& I I I tt~l:lm~ 

t.LSERTSON: ," 
R i 1~~'(~l~)~----~i~l(~l~);----';--------+--------~--------~--------~--------~-------

N? I i 
.......... , -- , I ! ! 

I 
! 

R i ! , 

12 (1) !5UJ r~:),S(14) i I 
I 

NR ! I 
! I i 

SPF.!NG::RS , i 
, 

I I 

R 
I ! 

i I I , 

I I I I I NR I 1 
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Table 16. Coleop:~era (co:r: !.!'~:.le:!) 

N
: I~: ------~--------~------~------~--------~~----+-------~--------
II;' i Hl) 

I 

~p;~'J~~I:1 : 3(2) 
R ! ! 
f~·(71,),76~(1\)~------~------~I!------~------~1~6~(1~)~--+---------------

.. 7. I ! 

sn TN;;;;P,s' I 
R ! jR5n(5\)-"6IT(11,~\~-------r------~·11~----~~----~-------+----------------

NR i _ 

Table 16. Coleoptera (con"inued) 

Gyrinidae 

I Dineutus D. ID. 
ciliatus 1 sp . 

RI 
J.-

IS(1),6(4), 13(1),4(5),1 i 3(:.),5(::') 
NR i8(1) 6(1),8(1) I , 

I 
I\[;'<R~ MT 16(12) I I 

R ! 

h'" ~m:3f~~: Im:~m, 
I 

IS(:} 

ALs;?::'sm:j 
! 
I 

R' 
11 (6l 

, 
I4F~,5(3) ~m:~m i 14 (2) 

NR . i7 2 I 
FR!!:~r:lSH!PI 

, 
I I 

Rl 
1 

i 
NR ! ~m,2(2), ~p~:ap~' l~m,L;(l) 15(2) 

: 
5?RTNG;;?S I ~I 9 ,6 7 , I 

I RI 
(2) 

NR i im,3(6) ~m,l;(l) I !8(1) 
! 
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IGyrinus IG. 
isp.1 !sp.2 

, 
14(1) ; 

I 
! 

I I 
I I I 

16(1),11(1) ! 
I I 

I I 
I 

7[2) 

gm,S(1) 

Hali;;lidae 
f.ali;:lus 
Eascia-:us 

!9(:;') 
, 
! 

, 

I 
1 

I , 
i 
I 

I 



NR 
Srz=:PER 

R 

Sera'to?o­
gar.ida.: 

i'al:.le 16. 

P'::ychop-
C~ironom~daE Cu:icida~ ~e~idae Simulicae Taba~idae 

'1,10 I tt" 
1 i 

i 2,i4-
1
1,2,3,4,5, I' 

NR 7,8 
r,2,3,6 

1 

R 
, 
I 

NR I 
-"'--'r'''I''''~''''''! : .K-Ll .... ;:,n.L. ... j 

R. '" 

Nf.l 
5?~:NG&R~ I , 

P- , 
14 

NR i 

cae"': iG3..~ 

P. 

SL.:..:.:-.:...r, 

R 

NR 

3. 

, ' 

11 ,2,3''''05 , 
i Zi8 ,9,1 , 

1,3 

1,2,305~~, 11,6 
8,9,,1 , ... ..L ! 

1,2;4,6,8, 0 
9,1 ... 

Tat·Ie 15. 

Baetis­
ci1ae 

1 

i 
2 

I , 
I 
1 

I 
t 

sr:. 2 
IBae'tisoa 
,1auT"en~ia 

i 4(1) 
i 

12(1), 11(1), 
I 

-
1 
I 

o::l.f''''-' ~,5 

, ... ,l.v, ....... 

" 

~;iO:ii,e, " , 
3 

~,4'':'C,S 

Epnemeropte::-oCi 

Hepta-

3(1) 

i 1i(2) 

i , 
, 
I 
I 
i 

I 
I 

! 
I 

I 

:i...e;rtop::le-
:Ciidae 

,. \') 9 \ ) \9(:)' ~ " 

i 

, 
! 
I , 
, 
I 

i 

I 

l~Rl~~r~~c,- , I!~~~~;'-
, p~sa~e 

\:..(9),2(2) 

I 

R I 
NR ',; 

S?~-S·-:~RS 

R 

N-" 
3(18) ,4(13), 3(.) 

l 
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7aLle 15. ne~iptera 

Belos"toma-::i-
dae Corixidae 

~$ F-t>edus- (?~ Hespero- Iii: !:alrna- ISigara IS. sp.: IS. 5;;. :; ~. ...... -, Ee.Los"torna? corJ.xa CO!'.lxa I 
,,,:- ' SD. lucida Iml.nor n.nar.a Isp.1 I 
ev?- I I I i~til7\L) I I i Ri I I 

I T Hm:~mjl I , 
I N" I 

SLEEPER 

I 
I 

I i i I 
R I ! 

i1<31 ! 13,1),6t1) 9\1) , i 
NF. ! I I i 

BURRS rr:';'1 I i.- I i 1 I R I j i 
17(1) . 

14 (1 ) 

R I I I 

! 
I , 
I i IS(ll I I 

I 

NR i ! I i I 

:RIEllDSHIPI i I I I I RI I 
I I 

I I 19(1 ) l I I : 
NR I ! i 

S?R:SG;'"SC:: I I !6(2) .9(2) i I I Ri 
15 (1) 1 Imuwl fm·S (l) IH1) 15(: ) i 

NR I 
< H':' 

:ab~e 15. Ee~ip~era (con~inued) 

""PELJ.:"~ II s. sp. 5 
t.,-r Is. sp.6 S. sp.8 is. 

1500. (0) macrc:~,:,~ 

I' 14(3) 
R i 

1-5-(-,,-)---;--8-( 1-0-)--"'------'"4""l("':"1",")---"'j 9'"'("""1 0"";----:.-----+-----

NR i I 

S~~rEK ! 
R Ii, 5,1) 18 (2) ! 8(1) '1 6 (2),8(4) 

NR 
-.;,-ti:§"::'sv,-·· . 
PY2£';!;;;;d.:" ! 

K '~ ____ -;-______ +-______ -:. _______ ~~ ____ ~ _______ ~ ______ __ 
ill (1) 

NRj 
I 

fR:::!~DSrT':I i 
R 

:5(1 ) 
NR i 
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j', 

tiR 

r. 

O' 

ak?;;'= ~ . .,. .. ' ..... 
P-

NR 
, 

fo.;,g!'.';SON 

R 

trr. 
F?::::~lDii';:? 

R 

NR 
~?!\!NG~P~ 

P-

N? 

B(3) 
! 

Table lE. nerroipLera (~onLinuec) 

G. I' G. 
insperatus rernigis 

I G. 
. sp.(?) 

j I 
i I 

I"" I 
18(1) 

! 

I i 
3(2) I lOll) 

I ! I I I 
I 11F~,2F) I I i~ 9 ~5 12), I 

I I 
I 13(1 ) 

I 1 

! 
r{sr T~ .1 

I 

L,itrJlC­
pnorus 

1 ;._,,"! 
;, \" Trenoba'tes~':i l-~esove1.iai':j Iieoa 

;~~- " .. :" <e! i ~ ~{ .... , .. -e 

, 
I i 

I 

I I 
I i 
I ! 

i 12 (1; 

I I 
I 

. -

!?ana-:ra 
p: .• c~ 

; 

i 
I 

6{ :) 

i 

, 
i 

: 
i 

I , 
i 

":Snecimens of these soecies we:'e lost in the ttail and the label de-:a co\.:.!:: no": bs :-eco:-::a:::. 
riese species were n~t coun~e~ in computa~ions for species richness. 

Table 16. HernipLera (conLinued) 

Nct:onec"ticae Veliic.ae 

R. 1 NOLonecta IK. 
kirkaldyi irroraLa uhleri I r;. !!(icrovelia IE. 

eri~~~ke- !pulcnella I SP?· 
! ?~ago·lelia 
!o~esa 

R/ 
I I I , 
13 (3),5 (1 ) I 1(2),6(1) 11(5),9(1) reS) ! S(:} 

N? ,6(1), 3(:) 8(1),10(1) I I , 
::~~~<:: W!!,tL' i I I I 

It l ! i 
11(1 ),7(1) !5(1) 1(1),11<1)1 I i 

, 
;"~P~':'SON' I I I i ~ 

. It I 
16\~ ) Iml:~t1~ I I~t~l:~t~~ ! 5(:) 

NRi I 
:R!!N'OS?!P t i I I Ri I I 

j2l:) 10(1) I 1(4) 3(6),6(1) 14(2) ,6( 3) 
NR 7(1) 7(4) 

:?R~N~;:ES I 6(1),8l2i / -(-) 

RI 
Ie, . 

F:i\ ~ ) cl~) ,1>(4) "\"), ,\.i r 3~'l,~~lll~~l"2~") 
1.1\ I 10(1) 10(2) 63", 1 0 ,)" ,,). 
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Table le, Lepidopcera Table15 Megalopte:!'? Table lS.Neuro;rterc 

Fv!"a' dae C orvda:':...lcae:: 5" '" d .la .... ~ ae .l.SVT'l.oaE 

~?ara?on~ny. p, Fs1:erOPhila Chaulioces ,::igr:onia , ,I Sialis i CliF.i:-~i~ I 
spp. (?) oec-c,i.ni-

.~r, rnacalas~s sp, eorr.ls lSe:--!"~cOrnl.s! spp ~ ! areo..l.a!'.lS , 
sr .... - I I I r(l) ,&(1) ! I 

p, I 
7(1) 5(1.) 12 (1),6(1) Ii( 5) ,.;(~) I i 

NR I I 

S;:'E?ER I I I I 7(2) I i R I I 
I i ! ~~~l:~Bl' l~fB:~HL (2C) ,L1( 3) , 

NF- I -(5) I I I..., ~) 

SUEf! rII.~1 I 18 \:") '(2) ,8t 3 ) 

I I 

R - i 

tlR I I ~~B,5(L1), Ilf~HtB, ~~~l~ml: i 
, 
I ! I~~,' '" lol I , 

t..t.B;i;RTSONi I I I 
, 

i i I 
R 11(2) 

! 
i -<\J.I ':PHm, '~m:m~i j(2) I NRI : .. 2 ,5 5 , 

- < ., r 0' 
rRIEKDSH~PI 

I 
3(1) I 

! 

NRr 
8(2) 1~(~~,gffl'J8(3) 

, 
I 
i 6 lal 7( .. ) i 

5??.ING;';?~ , 
I I !bB}~W3 ' 

R I I 

I,R 
5Fl,6p~, 7 6 ,9 J. 

Table lE. Odona~a 

Aesimidae Calopcerygidae Coenagrior.icae 

~":::CIE:P,~ asiaescima! B~ye!'ia IC~l~p~e~yx C, ~e,a:rina rrgi", io • 
..lA~ ~~~""t tt ~ =::::f'J_an_a_'_"' __ tlv_" ~..:.n_os_a __ fd~~m~d.lal.a maculat:~ ISp....:.,_,.:...) __ ..:..,_m_er.:...~..:.c_a.:...na_.;..F..:.£...:u_m.-:ip:...e_n.:...n_is_se_c_.:.!.4..::.' "':..-__ 
-'=:/~- I! 

R I i I 
~117(1~)'---~i~17(~2)'----+-I-------k3T.(~~l)------L-------~------J~3\l3~I-,~~(~"~,--~------

N" I I, I 
SL~;:?;:R ! 

RI 
, , 

f6 (1) ~g\,5(3) I 1115~,3(51 
NR I i5 1 ,E(2 

17 S 18('-) 
SBING"';.s 110(1 

R! I 
NR I Hl,6(1l IW:l:~Hl' 
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':F!:.::J..':'~V' .. 
.1:>t' is? (?) 

R 

R 

iab~e 1£. Odo~a~a (co~~inuec) 

IChrOmagrionj' Enallagma E. 
condicum ,divagans pallid~~ 

r:S· 
rsigna"turr, 

!(;,']12(1)t i nR (..L..J..)~4(1),' 
'( ~ ) , 

b~. (?) 
:'SC:l::t!!"Ci 

! ~os:',,=a :s;d.7) 

A:'3t:R'!'SO:\1 l 1 

R ! I ~i2~(~1~)------i---------4~'C01~)~----~--------~--------~P~(~4~)r-----l---------~---------
NR ! ! I 

NR 
13(2) 
I 

I 

Ta~le 16. Ojona~a (con~inued) 

Corjulegas~ricae 

~'!lEC:E~ ~~~~~~e- je. 
':".i. : ~. • to!)S !:nacula-:a 

!e. 
I sp.(?) 

Cordt:.liidae 

I 

Soma­
tochlorc. 
s'C':;,. 

F. i ! 

NR 
S",EE?ER 

R 

NR ! 

11\2),9(1) 
i 
I 

I 
;1(1),5(1) 17(1) 

I I 
1 

1 ... 

rretra­
p~o!;;leuria 
se:'i.l,a("1 uea 
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7able 16. ~ri~hop~e~a (conti~uec) 
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collected in undisturbed streams, particularly Skit Branch (Table 
16; Ephemeroptera). The odonate, Somatochlora spp. showed a 
preference for undist~ftbed streams along with leutrid plecopterans 
(Table 16; Odonata, Plecoptera). The most dramatically skewed 
distributions are evident in Tricoptera. Brachycentrus numerosus, 
Cheumatopsyche sp., Hydropsyche betteni, and Ceraclea sp. are all 
more abundant in disturbed streams. 

Z,)ogeograohic Comments. The Pinelands of New Jersey is at or near 
the northern limit of distribution for a number of plants 
(McCormick 1970), amphibians (Corant 1979), and birds (Leck 1979). 
Insect distributions are imperfectly known and it is impossible to 
review the distributions of all insect species collected in this 
project; however, the above northern limit of distributions seems 
to be true for Hydrophyche decalda (Tricoptera; Schuster pers. 
comm.) and Hesperocorixa minor (Hemiptera; Hungerford 1948). 

Although t:lot collected in this study, this pattern has been 
noticed in two aquatic coleopteran species recently collected from 
the Pinelands: Uvarus inflatus (Young) and Agabus johannis Fall 
(Wolfe unpubl. data). Both of these latter two species formerly 
were known only from Florida and the southern Gulf coastal plain. 

Another interesting observation is that some "normally" 
non-coastal species of insects are apparently relatively common in 
the Pinel~Dds. Species in this category are Hydroporus mellitus 
(Wolfe unpuhl. data) and Laccophilus maculosus maculosus (Zimmerman 
1970). A similar distributional pattern was mentioned for plants 
by McCormick (1970). 

Fish 

Seventeen fish species were collected during this study. 
Thirteen are regarded as characteristic Pine Barrens species, two 
are peripheral, and two are introduced species (Table 17; Hastings 
1979). The introduced species (bluegill, Le?Qmis macrochirus, and 
largemouth bass, Micropterus salmoides) were represented by single, 
small juveniles collected at disturbed sites; bluegill at Springers 
Brook and largemouth bass at Albertson Brook. This suggests they 
are not established at the sites sampled but probably resulted from 
spawnings in nearby lakes. 

One peripheral species (golden shiner, Notemigenus 
crysoleucas) was collected only at Springers Brook, where it was 
present in relatively large numbers in both July (13 individuals 
collected) and in December (24 individuals). Five golden shiners 
were found dead in December but the cause of death is not known. 
This species does not occur in typical Pine Barrens waters, but 
only at sites with disturbed water conditions. The habitat at 
Springers Brook may thus be marginal for survival of the species. 

The other species considered a peripheral Pine Barrens fish is 
the tessellated darter (Etheostoma olmstedi). Although originally 
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Table 17. Abundance of fish species collected in indi.vidual streams, and by stream type (disturbed 
and undisturbed) for all dates sampled. 51 = Sleeper, Sk = Ski t I Br = Burr I s Mill, Al = Albertson, 
Sp = Springer I Fr = Friendship. 

Species 

Etheostoma fusiforme 
Umbra pygmaea 
Erimyzon ob1ongus 
Enneacanthus chaetodon 
Ennaecanthus obesus 
Etheostoma olmstedi 
Esox niger 
Anguilla rostrata 
Notemigonus crysoleucas 
Acantharchus pomotis 
Aphredoderus sayanus 
Esox americanus 
Noturus. gyrin~ 
Icta1uris natal is 
Enneacanthus gloriosus 
Lepomis macrochirus 
Micropterus salmoides 

Category* 

RC 
WC 
WC 
RC 
RC 

P 
WC 
WC 

P 
RC 
RC 
WC 
WC 
RC 
WC 

I 

I 

Undisturbed 
Number of Individua1s** 

Disturbed 
Sl Sk Br Total Al Sp 

52(3) 28(2) 39(4) 119(9) 

55(3) 12 36(3) 103(6) 
100 1 

14 0 60(8) 78(8) 
30(1) 5 45(6) 80(7) 

7(1) 0 0 7(1) 
22(1) 8(1) 1 31(2) 

8(1) 1 0 9(1) 
o 0 C 0 

18(2) 2 3 23(2) 
4 5 2 11 

10 
o 
1 
o 
o 
o 

1 
o 
o 
3 
o 
o 

2 

o 
o 
o 
o 
o 

13 
o 
1 
3 
o 
o 

96(24) 
3 

107(1) 
6 
a 

44(5) 
10 (7) 

11(2) 
o 
1 
5 
o 
8 
a 
1 
1 
1 

58 
11 

7 
o 
9 

37 
9 

24 
37 

2 
6 
3 
5 
I 
o 
o 
o 

Fr 

25 (l) 
3(1) 
6 

27 (3) 

3 (3) 

o 
8(1) 
1 
o 
5 
3 
o 
o 
7 (3) 

o 
o 
a 

Total 

179(25) 
17 (1) 

120(1) 
33 (3) 
12 (3) 

81(5) 
27(8) 
36 (2) 
37 

8 
14 

3 
13 

8 (3) 

1 
1 
1 

* Pine Barrens categories: RC-restricted characterstic, wC-widespread characteristic, 
P-peripheral, I-introduced (after Hastings 1979) 

Grand 
Total 

298(34) 
120(7) 
121(1) 
107(11) 

92(10) 
88(6) 
58(10) 
45 (3) 

37 
31 (2) 
25 
16 
13 

9 (3) 

4 
1 
1 

**Numbers in parenthesis indicate collections in June, when Springers could not be sampled due to 
high water. 



classified by Hastings (1979) as characteristic, recent studies 
have indicated that it is only found at modified sites (Hastings 
unpubl. data). This species was common a~d consistently present at 
Albertson Brook and Springers Brook, the two most disturbed sites 
(Table 3). It was not present at Friendship Creek, another 
disturbed site, but was present in small numbers in three of five 
collections at Sleeper Branch. Its presence at the latter site may 
be related to the proximity of the tidal mainstem Mullica River, 
where the species is common. Perhaps individuals disperse upstream 
from such areas, finding suitable habitat and surviving in 
tributaries such as Albertson and Springers, but not surviving in 
tributaries such as Sleeper and Skit. Conversely, the absence of 
the species at Friendship Creek, where water conditions are 
modified, may reflect a lack of suitable sources and/or dispersal 
routes. Friendship Creek exhibited °Che lowest pH of the disturbed 
streams, which may al~o explain its absence. Correlation analysis 
of fish abundance on water quality showed the tessellated darter to 
be the fish species most positively correlated with pH (r= 0.604, p < 
0.01) • 

Several of the characteristic Pine Barrens species show an 
uneven distribution among the sampling sites (Table 17). Creek 
chubsucker (Erimyzon oblongus) was found almost exclusively at 
disturbed sites (except for one individual collected at Sleeper 
'Branch in March). This species is quite widely distributed 
throughout the Pine Barrens, so the significance of this pattern is 
not known. It may be mostly artificial, since 82 of the 122 
collected (67%) were very small juveniles collected a~ Albertson 
Brook in July. 

American eel (Anguilla Fostrata), tadpole madtom (Foturus 
gyrinus), and yellow bullhead (Ictalurus natalis) were also more 
numerous at disturbed sites, but their numbers in the collections 
are small and their occurrence patterns difficult to interpret. 
American eel shows a distribution pattern similar to that of 
tessellated darter, although in lower numbers, but 3till indicating 
a positive correlation with pH (r= 0.561, p < 0.01). The tadpole 
madtom also shows a positive correlation with pH (r= 0.489, p < 
0.01), and was collected only at Albertson Brook and Springers 
Brook (13 individuals), where water conditions are most indicative 
of disturbance. This and other evidence could justify classifying 
this species as peripheral Pine Barrens, but it does occur at a few 
rather typical Pine Barrens locations. The yellow bullhead is 
widely distributed in the Pine Barrens, but secretive during 
daylight hours a~d sometimes difficult to collect. Thus, the 
pattern demonstrated by collections taken during this study may be 
an artifact. 

Eastern mudminnow (Umbra pygmaea), blackbanded sunfish 
(Enneacanthus chaetodon), banded sunfish (Enneacanthus obesus), mud 
sunfish (Acantharchus pomotis), and redfin pickerel (Esox 
a'Tlericanus) were more numerous in undisturbed streams -:---Ratios of 
numbers collected in undisturbed streams to disturbed streams for 
the five species are 6.1:1, 2.4:1, 5.8:1, 3.1:1, and 4.3:1, 
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~especti vely. However, blackbanded su.~fish Has not collected in 
either' Skit Branch or Springers Brook, nor at seven other sites 
sampled preiTiously in the upper Batsto River drainage, although the 
species is common downstream at Quaker Bridge on the Batsto. Its 
absence from suoh places is not readily explained, since much of 
the upper Batsto is relatively undisturbed and appears to be ideal 
habitat.. The banded sImfish "'TaS the only species to sh~w a 
significant negative correlation vlith pH (r= -0.368, p <0.05). 

Most species were ntwerous in a~d characterisitic of 
vegetation and backwater habitats (Table 18). This is especially 
true for eastern mudminnow, banded sunfish, chain pickerel, mud 
sunfish, pirate p?!"ch, tadpole madtom, and yellow bullhead. In 
contrast, creek chubsu1Jker and american eel were about equally 
d1stri buted in open stream and vegetation ha bi tats. Blackbanded 
sunfish was most characterist.ic of vegetation at the disturbed 
31 tas, but of open stream at the undisturbed s1 tes; e3pecially as a 
~esult of the qollections at Burr's Mill, where there was almost no 
aquatic veget.13.tion and yet bla.:::kbanded sunfish was com:rion. It may 
be t~h."I.t the numerous subm.erged logs a'1d other objects at Bup!'" s 
Mill provided sufficient oover in the absence of vegetation. 

The two darcer species show an interesting pattern of 
distribution (Table 19). Tessellat.ed darter was found almost 
exclusively in open stream habitat (88% with 11% in vegetation), 
and mostly at disturbed sites (91%). I~ contrast swamp darter 
(Etheost.o::rl.l!: fusiforme) was found at all s1 tes and in all available 
ha i)l tats , although it \:as most numerous in vegetation. This 
preference for vegetation was mo..;t obvious at Albertsen Brook, 
',.;here tessellated darcet' was most common. There appears to be some 
interact..ton between these two species, with both specj.9s being most 
:lumerous at Albertson Brook, possibly because of a m011 e abundant 
food supply, but \d th SWa!!lp darter ~estricted mostly to vegetation, 
while tessellatr::d da~ter occupies the open stream habl tat. 

The six streams sampled are mostly characte11 ized by typical 
Pi.ne Ba.rrens fish faunas (Table 20). Only four non-Pine Barrens 
species were collected, and no more than two were collected at any 
of the six si tes. Two of the non-Pine Barrens species were 
represented in the collections by single, small juveniles. Despite 
these si~larities, there are some subtle patterns which allow some 
characterization of each stream, based upon the fish fauna present. 

Ski t Branch and Burr's Mill Branch appear ~o be most typical 
of' undisturbed Pine Barrens streams. They yielded the fewest 
species (and also rather few individuals), all of which were 
characteristic Pine Barrens species. The two streams are quite 
different. in some respects, hovTever. Skit Branch had few fish of 
a.'1y species, with only swamp darter, mud minnm", and chain pickerel 
consistently present. Burr's Mill Brook had fewer speCies, but 
s~veral were common, su~h as blackbanded SQ~fish, banded sunfish, 
swamp darter, and Dludminnow. Burr's Mill may l~epresent the most 
stressful aqu.::ttic habitat since it was always the most darkly 
stained and had the 10vlest pH. Skit Bra!1Ch 1n contrast lacked 
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Table IS. Abundance of fish in disturbed and undi.sturbed streams by microhabitat during the study period. 

Undisturbed Sites Disturbed Sites 

Species Meadow Open Stream Vegetation Backwater Meadow Open Stream Vegetation Backwater 

Etheostoma fusiforme 15 59 37 IS 52 130 22 
Umbra pygmaea 1 7 41 60 --- 2 7 9 :J 

Erimyzon ob1ongus 1 
0 

59 55 7 !:l 

Enneacanthus chaetodon 3 61 9 10 
ro 

1 34 1 
0'1 Enneacanthus obesus 6 IS 20 43 

Ul 
3 12 PJ 

!'0 's Etheostoma olmstedi 1 6 1 'tJ 77 9 
Esox niger 9 6 10 S 

I--' 
6 20 9 ro 

Anguilla rostrata 1 5 4 0.. lIS 19 1 
Notemigonus cryso1eucas 10 1 26 
Acantharchus pomotis 6 5 13 1 6 2 
Aphredoderus sayanus 1 2 S 1 S 5 
Esox americanus 4 1 8 1 2 
Noturus gyrinus 2 10 1 
Ictalurus nata1is 1 1 10 
Enneacanthus gloriosus 1 2 1 
Lepomis macrochirus 1 
~icropteras salmoides 1 

Total Number of species 11 9 13 7 12 15 13 



0"1 
w 

Table 19. Detailed collection data for two darter species (Etheostoma). M = meadow, 0 = open stream, 
V = vegetation, and B = backwater. Dashes indicate that the microhabitat was not present in 
the stream. XIS = no collection in Springers in June. 

Sleeper Skit Burrs Mill Albertson Springers Friendship 
Species Date M 0 V B M 0 V B M 0 V B M 0 Y B M 0 V B M 0 V B 

Swamp Darter Mar 2 5 1 12 3 1 1 (-) 6 1 4 (-) 2 13 (-) 3 1 2 (-) 2 2 1 
Etheostoma fusiforme June 3 2 (-) 1 3 (-) 3 20 1 (-) X X X (-) 1 

July 1 1 2 1 1 10 (-) 11 (-) 4 9 (-) 3 4 5 (-) 2 5 
Sept 6 9 5 6 (-) 12 (-) 7 14 (-) 18 7 7 7 
Dec 3 1 2 1 2 4 (-) 6 (-) 5 42 (-) 2 6 (-) 1 5 

Totals 12 19 10 14 3 4 23 a (-) 36 4 4 (-)21 98 1 (-)26 12 20 (-) 5 20 1 

Tresse1lated Darter Mar (- ) (-)15 (-) 4 (-) 
Etheostoma olmstedi June 1 (- ) (-) 5 (-) X X X (-) 

July 3 1 (-) (-) 2 (-) 4 (-) 
Sept 1 2 (-) (-) 9 1 (-) 17 8 (-) 
Dec (- ) (-)17 (-) 4 (-) 

Totals 1 6 1 0 0 0 0 0 (-) a 0 0 (-)48 1 0 (-)29 8 a (-) 0 0 0 



(j\ 
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Table 20. Summary of the number of fish species collected in each stream based on their 
relationship to the Pine Barrens fish fauna. 

Number Species 

Category Sleeper Skit Burrs Mill Albertson Springer Friendship Total 

Widespread 
Characteristic 5 5 3 6 6 4 7 

Restricted 
Characteristic 6 4 5 4 5 6 6 

Peripheral 1 0 0 1 2 0 2 

Introduced 0 0 0 1 1 0 2 

Total 12 9 8 12 14 10 17 

Total individuals* 222(12) 65 (3) 188(21) 293(39) 210 88 (12) 1066(87) 

* Numbers in parenthesis are number collected in June when Springers could not be 
sampled. 
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suitable cover such as vegetation or logs a~d branches in the 
s trea.-n. 

Sle'=per Branch also appears to be typical of undisturbed Pine 
Barrens streams, except for the presence of tessellated dart'3(" 
consid.ered a peripheral Pine Barrens species. The species was not 
common, however, and did not appear to be well established at the 
site. It seems possible that the proximity of this site to the 
mainstera Nullica River could result in occasional upstream 
dispersal of peripheral species such as the tessellated darter into 
the area. This a'1d other peripheral Pine Barrens species OCC'lr in 
the Mullica River, just a short distance downstream. In contrast, 
the most common species at Sleeper Branch were typical Pine Barrens 
species, such as mudminnow, swamp darter, banded sunfish, chain 
pickerel, mud sunfish, and blackbancied sunfish. 

Of the disturbed s1 tes, Friendship Creek was most similar to 
the undisturbed sites, and also had the lowest pH. Only 
characteristic Pine Barrens species were collected at this site. 
Its uniqueness might be correlated with its moderate level of 
dist~nbance, or it could reflect a lack of suitable recruitment 
sources for peripheral and introduced species. Three characteristic 
Pine Barrens species (blackba'1ded sunfish, mud sunfish, and yellow 
bullhead) \iere considerably more numerous at Friendship t·han at the 
other disturbed sites. Conversely, &~erican eel was less numerous 
and tadpole madtom was not collected at Friendship. 

Albertson Brook and Springers Brook were significantly mo~e 
distu.""bed than any of the other· four stl'eams sampled and also 
shovied the greaGest difference in their fish fauna. Albertson 
Brook yielded two non-Pine Barrens species (tessellated darter and 
largemouth bass) and Springers Brook yielded three. (tessellated 
darter, golden shiner, and blue g:ll 1 ). Only tessellated darter was 
collected at any of the other sites, and only at Sleeper, where it 
was considerably less numerous than at Albertson and Springers. 
Largemouth bass and bluegill are more characteristi~ of lake 
hab:i.tats than streams so the presence of single, small juveniles 
most likely resulted from spawnings in nearby lakes. Largemouth 
bass have been widely stocked in Pine Barrens lakes and may be well 
establishE:ld in Paradise Lakes, just downstream from our site on 
Albertson Brook. Bluegill are also widely stocked and are known to 
be comnon at Indian Mills Lake, upstream from our site on Springers 
Brook. Golden shiner is common upstreru:J. in Springers Brook, as 
well as downstream in the tidal Batsto and Mullica. Albertson 
Brook yielded considerably more creek chubsuckers than any of the 
other sites, b1.lt this finding is difficult to interpret since most 
were small juveniles only recently spawned. American eel and 
tadpole madt01!l. were more numerous at b::>th Albertson and Springel"s 
than in any of the other streams, indicating that theBe two 
speCies, although widely distributed in the Pine Barrens, may be 
somewhat sensi ti ve to typical Pine Barrens waters. 

Two categories of characteristic Pine Barrens fishes have been 
recognized h~sed on their overall distribution in New Jersey 
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freshwaters (Pinelands Commission 1980). Restricted characteristic 
Pine Barrens species are those occurring within the Pine Barrens 
region but not elsewhere in the state. In contrast, widesspread 
characteristic Pine Barrens species occur more or less throughout 
New Jersey, and are not restricted to the Pine Barrens re~lon. Of 
the 13 characteristic Pine Barrens species collected during this 
study, seven are widespread and 6 are r'estricted (Table 20). 
Although the numbers are small and inconsistent, there tends to be 
a greater number' of wldespread species at disturbed sites 
(Albertson a~d Springers), and more restricted specie3 at 
undisturbed sites (Sleeper and Burr's Mill). Skit and Friendship 
do not fOllow this pattern. However, if only the 5 most numerous 
species at each site are considered (which always accounted for 
more than 75% of the total number of species), this ~~ttern is more 
consistent, with only Friendship be'rng the exception. The ratios 
of restricted to widenpread to peripheral species for the 5 most 
numerous species are 3:2:0,3:2:0,4:1:0 for the undisturbed sites, 
and 1:3:1, 1:2:2, and 3:2:0 for the disturbed sites (the latter 
inconsistent value being for Friendsl~p). Thus, there appears to 
be a replacement of dominant sPecies at. disturbed sites, with tl1..is 
replacement correlated with the degree of disturbance and a large, 
upstrea.'D. undeveloped sub-basin. Sites such as Friendship, with 
moderate disturbance retain a mostly Pine Barrens fish fauna. 
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Summary and Concluding Remarks 

The purp:>se of this study was to compare the '.-later quality and 
biota of disturbed and ll.ndisturood Pine Barrens strea::ls tOHards the 
ul timate goal of es tabl:tshing a bio].ogical water quality inde x of 
stream disturl>.:l.nce. A stream is a complex and dynamic physical, 
chemical, and biological system. No t\-lO streams, regardless of how 
carefully :natched, respond identically to the same stimuli. Thus, 
a great deal of variability is observed among streams, even within 
carefully controlled groups. Despite this inherent variability, 
significant quali taU ve and quanti tati ve differences between 
disturbed and undisturbed Pine Barrens streams are demonstrated by 
this study. The '..tater quality data show that disturbed streams are 
characterized by elevated N03-N, pH, and alkalinity. 
Interestingly, these streams do not consistently differ in any 
other physical or chemical parameter measured. Thus, the observed 
differences in'biota appear directly related to differences in 
these three val'iables. 

B:::>th alg3.1 species richness and relative di vepsi ty increased 
in disturbed streams. In addition, some algal species appear to 
prefer, and may be largely res tricted to, undistUI'bed streams, 
,.;hile others clear~ly are associated wi th disturbed streams. The 
presence of TRb91laria flocculosa seems to be a particularly good 
indicator of disturbed conditions. The major response of the 
macrophytes to disturbance is a shift in the dominant species from 
Eleoch~J:~ spp. and Scirpus subterminaJ_ is to Spargani Uirl arr.ericanum, 
Callitrl.che ~ter'~~hylla, and Potexnogeton ~ihydrus. The aquatic 
insects exhibited greater species r'i.chness in the disturbed 
oS trea'TIs. Several of the major groups o~ insects also showed skewed 
distributi'::m bahleen disturbed and andisturhed stpeams. Elmid 
beetles a~d caddis flies were particularly prevalent at the 
disturbed s1 tes. Leuctrid stoneflies appear more characteristic of 
undisturbed sites. The response of the fish was much more subtle, 
with both disturbed and undisturbed streams containing mostly 
characteristic Pine Barrens species. The presence a~d abundance or 
tessellated darter and golden shiner is probably the bes t indicator 
of disturb3.nce, along with a general decrease in the abundance of 
eastern mudminnow, blackbanded s\mfish, banded sunfish, mud 
sunfish, and reclfin pickerel. There also appears to be a shift in 
dominru1ce among the characteristic fishes from restricted to 
1,oTidespread species. 

~·nlile the differences between disturbed and undisturbed 
streams are significant, they are not as dramatic as might be 
expected, given the observed 100 fold increase in pH and ni trogen. 
The reasons for this are not clear, but may be related to total-P 
concentrations. Total-P in both disturbed and tmdisturbed streams 
is similar &'1d quite low. Undisturbed Pine Barrens streams are 
generally considered nitrogen limited (Durand 1979), which is 
supported by the N:P ratios obtained in this study. Adding 
nitrogen (which is the effect of disturbance) then, should increase 
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producti vi ty and resul t in a general change in species composi tion. 
This_ apparently occurs to a limited extent (cf. changes in algal 
diversi ty and relative abundance), but stops short of largescale 
changes because the phos phorus concentrations are so low. Streams 
apparently quickly become phosphorus limited, so that additional 
nitrogen has little effect. Thus, disturbance of Pine Barrens 
streams may be visualized as a two step process. An increase in 
ni trogen initially resul ts in significant changes in characteristic 
stream biota (as documented in this study). At the same time, the 
stream swi tches f('om ni t('ogen to phos phorus lim! tation. A second 
change in stream biota, perhap..'3 even more dramatic, would occur if 
phosphorus is increased (this was not investigated by this study). 
If further investigation confirms this scenario of stream response 
to nutrient enrichment, effective management will necessitate 
closer control of both nitrogen and-' phosphorus • 

This study then, identifies several additional areas which 
require further research. First, it is not clear why phosphorus in 
the disturbed streams is so low. The same factors which act to 
elevate nitrogen (agricultural -fertilizers and residential sewage) 
should also increase phosphorus. Studies should be initiated to 
determine the fate of phosphorus in these watersheds. Is 
phosphorus effectively removed from the drainage, and how? If it 
is not, will it eventually find its way into the streams-, and when? 
Second, the hypothesis that disturbed streams are phosphorus 
limited could be tested by studies on streams with elevated 
phosphorus. If phosphorus is limiting, the prediction would be that 
increased phosphorus will result in a biota dra-natically different 
from that found in even the most disturbed stream in -this study. 
Finally, althou~~ this study has demonstrated relationships between 
certain organisms a'1d pH and N03-N, the general use of these key 
species as biological indicators of water quality should be 
rigorously tes ted on a regional b:isis by comprehensive surveys of a 
large number of Pine Barrens streams. 
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APPENDIX I 

Water quality data from March 23, 1982 to February 10, 1983 

in Sleeper Branch (Sl), Albertson Brook (Al), Skit Branch (Sk), 

Springers Brook (Sp) , Burr's Mill (Br) , and Friendship Creek (Fr). 
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pH 

Date Stream 

Sl Al Sk Sp Br Fr 

3/23 4.2 5.8 4.4 5.9 3.8 5.6 

4/10 4.1 5.8 4.2 5.2 4.0 1t.4 

5/19 4.3 6.1 4.4 6.3 3.9 5.1 

6/14 4.0 .. 5.3 4.1 5.4 3.8 4.4 

7/21 4.4 5.7 4.9 6.7 4.0 5.5 

8/17 4.3 6.2 4.7 6.8 4.0 5.8 

9/15 4.3 6.4 4.6 6.3 4.2 5.6 

10/13 4.1 5.9 4.6 5.8 4. 1 5.7 

11/15 4.1 5.8 4. 1 6.0 3.8 5.3 

12/27 4.0 5.8 4.3 4.2 3.7 4.4 

1/21 4. 1 5.6 4.5 5.2 3.6 4.3 

2/10 4.2 5.7 4.2 5.0 3.7 4.5 
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Alk3.1inity ( mg CaCa 3/1 ) 

Date Stream 

31 Al Sk Sp Br Fr 

3/23 * 5.0 L~. 0 6.0 

4/10 1.0 

5/19 11 . () 9.0 1.5 

6114 30.0 IL5 

7/21 7.0 1.0 21. 0 L~. 0 

8/1'7 5.1 0.5 21. 5 2.8 

9/15 3.0 0.3 15.5 3.0 

10113 5.0 16.5 6.0 

11/15 1.0 4.0 

12/27 3.0 

1/21 2.0 1.0 

2/10 1.0 1.0 

*Alkalinity not measured if stream pH was below 4.5. 
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NH -N 
3 

(mg/L) 

Date Stream 

Sl Al Sk Sp Br Fr 

3/23 .050 .024 .029 .034 .026 .028 

4/10 .022 .019 .015 .015 .026 .019 

5/19 .050 .007 .004 .018 .102 .006 

6/14 .000 .003 .000 .000 .041 .021 

7/21 .087 .063 .104 .062 .217 .083 

3/16 .026 .021 .034 .023 .159 .031 

9/15 .029 .019 .023 .024 .077 .024 

10/13 .019 .012 .041 .022 .130 .023 

11/15 .040 .024 .036 .031 .072 .038 

12/27 .024 .030 .036 .079 .087 .034 

1/21 .016 .014 .010 .020 .063 .010 

2/10 .000 .006 .010 .008 .024 .005 
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NO -N 
3 

(mg/L) 

Date Stream 

Sl Al Sk Sp Br Fr 

3/23 .009 .478 .012 .266 .015 1.385 

4/10 .009 .659 .0002 .239 .005 .659 

5/19 .015 .274 .000 .004 .005 .342 

6/14 .002 .116 .000 .002 .003 .429 

7/21 .016 .284 .013 .049 .010 .468 

8/17 .043 .344 .015 .041 .021 .455 

9/15 .011 .361 .034 .126 .041 .544 

10/13 .017 .543 .011 .078 .026 .461 

11/15 .056 .481 .025 .073 .046 .271 

12/27 .027 .805 .013 .103 .019 .708 

1/21 .048 .826 .025 .491 .035 .714 

2/10 .016 .960 .022 .695 .020 .622 
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Total Phosphorus-P (mg/l) 

Date Stream 

Sl Al Sk Sp Br Fr 

3/23 .002 .006 .004 .006 .002 .004 
~ 

4/10 .002 .009 .002 .005 .004 .003 

5/19 .007 .039 .014 .014 .019 .007 

6/14 .00,6 .049 .010 .011 .017 .010 

7/21 .018 .090 .011 .034 .086 .022 

8/17 .011 .042 .004 .017 .028 .011 

9/15 .012 .020 .005 .014 .033 .014 

10/13 .008 .016 .004 .017 .024 .011 

11/15 .010 .007 .005 .012 .013 .008 

12/27 .008 .021 .004 .009 .010 .007 

1/21 .005 .018 .003 .011 .009 .006 

2/10 .004 .014 .004 .008 .008 .006 

78 



Conductt vi ty ( 1..lmhos ) 

Date Stream 

31 Al 3k 3p Br Fr 

3/23 45 45 28 78 65 79 

4/10 39 32 30 50 59 48 

5/19 112 174 239 231 240 205 

6/14 155 103 155 172 252 218 

7/21 40 48 22 89 50 55 

8/17 38 42 20 105 50 45 

9/15 38 40 20 235 41 50 

10/13 42 47 20 80-810* 31-271* 45 

11/15 50 42 31 80-108 * GO 35 

12/27 60 50 180 254 73 40 

1/21 48 32 25 65 75 39 

2/10 38 35 30 60 65 40 

*On these occassions conductivity varied for some unknown reason over 
the range indicated. The lower value however, was the most consistent. 
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Total Dissolved Solids - TDS ( mg/l ) 

Date Stream 

Sl Al Sk Sp Br Fr 

3123 -* 

4/10 

5/19 60.0 56.0 2-4.0 96.7 78.7 62.0 

6/1 l ! 62.0 78.0 39.3 84.0 68.7 38.7 

7/21 69.4 48.0 32.7 91. 4 125.4 49.4 

8/17 32.7 61.3 9.3 62.7 -62.0 24.7 

9/15 92.0 34.7 83.3 122.7 104.7 78.0 

10/13 44.7 47.3 24.7 79.3 58.0 1+6.7 

11/15 60.7 72.7 55.3 118.0 78.7 74.0 

12/27 66.0 46.7 18.7 60.7 43.3 41.3 

1/21 35.3 32.7 5.3 72.0 58.7 38.0 

2/10 66.0 59.0 41.0 81.0 53.0 57.0 

*No data. 
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Temperat urc Oc; ) 

Date Stream 

Sl Al Sk Sp Br Fr 

3/23 7.2- 10.0 11.3 10.0 13.7 10.4 

4110 5. 1 5. 1 8.2 5.1 8.9 7.0 

5/19 17.0 17.0 20.3 20.0 25.0 22.0 

6/14 15.5 14.7 15.0 15.9 19.5 17 .5 

7/21 21.0 21.5 26.0 24.5 23.7 21.0 

8/1 '7 19.0 19.0 20.8 22.2 23.6 22.5 

9/15 17 .8 18.6 19.0 19.5 21.2 20.5 

10/13 13. 1 13.5 13.8 13.8 15. 1 15.G 

11/15 8.0 8.0 7.3 7.2 8.0 8.5 

12/27 7.5 8.8 10.4 6.8 8.5 8.0 

1/21 0.0 2.0 1.0 1.5 4.0 3.0 

2/10 -0.5 2.5 2.0 1.0 4.0 3.0 
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Dissolved Oxygen ( % Saturation ) 

Date Stream 

SI Al Sk Sp Br Fr 

3/23 84 94 100 103 108 103 

4/10 89 94 93 93 91 99 

5/19 82 93 97 87 81 103 

6/14 77. 82 77 64 68 89 

7/21 84 89 87 91 55 78 

8/17 75 91 83 95 53 87 

9/15 76 98 80 78 52 85 

'10/13 84 93 85 88 54 86 

11/15 82 88 88 84 86 96 

12/27 80 91 91 83 85 95 

1/21 83 96 89 91 83 98 

2/10 86 93 91 91 89 96 
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Velocity ( m/sec ) 

Date Stream 

Sl Al Sk Sp Br Fr 

3/23 .18 .27 .30 .18 .19 .44 

4/10 .22 .24 .31 .26 .21 .35 

5/19 .22 .23 :34 .23 .26 • 51! 

6/14 .22 .35 .37 .32 .22 .46 

7/21 .09 .27 .12 .20 .26 .46 

8/17 .10 . 19 .22 .14 ~22 .41 

9/15 .05 .21 .03 .08 .17 .46 

10113 • 14 .22 • 16 .09 .09 .lf3 

11/15 .22 .24 .21 .18 .22 .~8 

12/27 .26 .31 .22 .24 .21 .45 

1/21 .22 .33 .32 .22 .22 .45 

2/10 .34 .29 .23 .21 .22 .61 
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Discharge ( m 3/sec ) 

Date Stream 

S1 Al Sk Sl Br Fr 

3/23 .47 .95 .33 .35 .19 .40 

4110 .57 .89 .04 1.18 .50 .35 

5/19 .24 .75 1.·22 .38 .07 .49 

6/14 .56 1.65 2.33 2.56 .74 1. 56 

7/21 .08 .95 .34 .20 .04 .12 

8/17 .05 .73 .10 .04 .• 01 .14 

9/15 .03 .54 .08 .02 .02 .14 

10/13 .05 .68 • 15 .07 .01 .21 

11/15 .35 1. 03 .21 .81 .22 .71 

12/27 .42 1.09 .22 .43 .21 .52 

1/21 .65 1.12 .32 .57 .19 .50 

2/10 .82 1.02 .44 .64 .31 .55 
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APPENDIX II 

Algal collection data for March, May, July, September and November 

by microhabitat (stem, bank, log) and stream. Symbols represent 

various levels of abundance (O=occasional, C=common, A=abundant, 

D=dominant). A blank indicates species not found. 
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March 1982 1I1gal Samples 

Sleeper Albertson Skit Springer Burrs Mill Fril'nd5hip 

~ecies Bank Log Stem Bank Log Stem Bank Log Stem Bank Log Stem Dank Log Stem BankLo'l St<'1l! 

CHLOROPHYTA 
green alga" 

Chaetopl'2.!:.'!. !l.E.. 0 
Closterium sp. C C 
Cosmilri;;;-;;.£. 0 0 0 
Microspora ~. C C 0 D C C C C lJ [) 

MO'!'Leota !l.E.. 0 0 
Peniu~ ~. 

~_diorilum !l.E.. 0 
~pirogL~ ~. 0 0 0 
Tetraspora ~. 0 0 D 
Zigogoneum 

ericetorum C C C 

CYANOPIIYTA 
blue green algae 

OJ Ca1'?othrix. O!£. 0 
0' schizothrix O!£. C 

BACILLARIOPHYTA 
diatoms 

~~~~nctata 0 0 
Ast~rione1la formosa 0 0 
Eunotia !l.E.. C 
E. curvata' C 0 0 
~. exig~ C 0 

!'!. E£.:::..t:.~ A C C 0 0 C C 0 C 0 
Frustulia rhomboides C 
F. rhombciides var 

saxonica C 
Ta~ia fl'nestrata 0 C D A A 
!. flocculosa 0 0 C C 0 0 

RHODOPHYTA 
red algae 

~~ violacea C 0 
ll.1t.rilc;'o5permum .!!J2.. 0 0 



00 
-.J 

St i 0Cl.eS 
--~ 

,t1!..OROPllY','A 

qreen .::llgat...! 

Cl,:)St:0r:l~~~ sP.. 
~;.Jrr~EJ-~~ ~. 
:-ticr£:;?or~ ~£. 

~\oug,-,0.!2~ ':;1" 
Penium Sj). 

~rGqL;: ~.E· 
Zygoneum ericc:torum 

':Y.!\NOPHY'rA 

bl.ue ljl'ctln ~lq.ae 

~.il:hl .. ~I.J! lil I Jot.: 1;.'Xll:dl\,\ 

bACILLA){lOI'I1'i'l'A 

di.:ltuIns 

As te r iune 11.3 formos.-t 

~~~~ iLl :~~_~.9..~ 
!::~ Ecr;t2E!.!:} i~ 
E. st!rra. 
F['u~wiid rhomboides 

------.--
'rabellaria _~:.nl!s~rdt~ 
'r. f locculosa 

RHODOPHYTA 

red alY;it-:: 

All~10L1inBlld 

viold.ctJd 

bdtrdC~.;.jlJ':!]2~!"r: :1::,-

Sl~cpcr 

Bank Log Stern 

0 
0 
0 

0 0 0 
C 

0 0 0 

0 

0 A C 

C 

!·L-.y l'lR2 P,l gal S.::unples 

AlbL:rtson Skit Springer Burrs ~lill friendship 

Bank I:o~_ ...?_~~~_~nk Lo<; StC'rn. [lank Log Stern [lank Log Stern Bank Log Stern 

0 0 

0 
0 0 0 0 

0 0 

0 0 D 0 1) 0 
0 0 0 0 

[) 

0 C 1) 0 0 0 
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Novemher 1982 Algal Samples 

Sleeper Albertson Skit Springer Burrs Mill Friendship 

species Bank Log Stem Ilcmk Lo3 Stem Bank Log Stem !lank Log Stem Bank Log Stem Bank Log Stmn 

CHLOROPHYTA 
green algae 

Chaetophore sp. D 

~o,..t~rium ~. 0 0 
MicrastDrias rotata 0 0 ------- ----
Microspora ~. 0 0 0 0 
Mau2..~otia sp_ 0 
Pp.nium sp. a 0 0 
E'J' i~q:y;:-; :;J'. 0 C 
~ogon"um ericetorum D D 0 0 

CYANOPHYTA 
blue green algae 

Schizothrix mexicana 0 --------- -----
1.0 BACILLI\RIOPHYTA 
0 diatoms 

Eunotia flexulosa 0 0 
Eo incisa 0 0 0 
E. Eectinalis 0 C 0 0 0 0 0 0 C 
Frustulia rhomboides 0 0 0 0 0 0 0 C 
r.-vulgaris--- C 
~mP11~~ma-parvulum 0 
Nitzschia obtusa C --------
N. sp. 0 
Pin;-~laria 2ibba 0 
P. viridis 0 0 
synedra ulna 0 0 0 
Tabellaria fenestrata 0 0 0 0 D 0 C 

T. £locculosa 0 0 

RII0D01"HYTA 
red algae 

Audouinella violacea D 
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J~J1Uary 19A3 Algal SampJ.es 

Sleepter 1\1 bprt~"";on Skit Springer Burrs Mill Frienliship 

SpeGi~_s Ba!,!<~g St"C.!!'_-Y".c':5_r'-'-'-(L~tem [l~l~..!~'L~teIn Bank Leg...£.tem B'-'..nk Log2_tem [l~!,~}!~_-,~~ 

CHLOROPHYTA 

green al~fcl.e 

Clost"rium keuty~ij 
C.-i.-:-;-if-:;-ri -;'-;r.- rCll[;;" ii 

Nicrosp0ra sp. 
rleurotae;~~ sp .. 
§ti1ura~r'.ll1l. 5p. 
Tetraspora sp. 
Ulothr ix-;p~--

Zygogen.'O_''..",- ericetorum 

IlACILIJ\RIOPflYTJ\ 

dia.toms 

Actinella punctClta 
Ast~-~io-;L::-(l.~- formosa 
Bunetii} pecti;alis­
C~t~to'nie~l-sis -­
!::rllSt-~li~l~hoo~oides -_ ... _._--- --~----
~~ynf}dri1 ulna 
T-~b01~1_;r·i.;--"TcnestrClta 
----- .. -~-- --------
T. flocculesa 

RHODOPHYTA 
red algae 

~(ltr0-chos~l!'~ sp .. 

0 

J\ 0 

0 
0 0 
0 

J\ 

0 

A (; C 0 

0 0 0 0 
0 

0 0 

1\ 

1 
------.--~--.--~-----------

C 

0 

c c 
C 

C 1\ C 

P 0 

0 A A 
0 



APPENDIX III 

Fish collections at six study streams, listed by micro­

habitat, in March, June-July, September, and December 1982. 

Meadow habitat was not sampled in Albertson, Springers, and 

Burr I s Mill. 
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FISH SAMPLING - MARCH • 1982 

Sleeper Branch at Pleasant Mills - March 23, 1982 

Microhabitats Sampled 
SpeOl.es Meadow Open Stream Vegetation Baokwater 

Red fin Pickerel 
Esox amerl.canus 3 

Chain Pickerel 
Esox niger 2 6 

Eastern Mudminnow 
Umbra pygmaeo 1 15 25 

Creek Chubsucker 
Erimyzon oblcngus 1 

Pirate Perch 
A,hredoderus sayanus 1 

Blackbanded Sunfish 
Erll!..e~£~_ nthu~ 9.ha~~gEo~ 1 5 

Banded Sunnsh 
.~OO~~9.a n~~~ obsus 1 1 6 

Swamp Darter 
~the~toma [!!s i .f.9.z:?'!~ 2 5 1 12 
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Albertson Brook upstream of Paradise Lakes Campground - March 23, 1982 

Microhabitats Sampled 
Species Meadow Open Stream Vegetation Backwater* 

American Eel 
~~guilla rostrata 

Eastern l1udminnow 
Umbra py@'!!aca 

Creek Chubsucker 
Erimyzon obl~gus 

Tadpole Madtom 
Noturus gyrinus 

Pirate Perch 
Aphredoderus ~aya~us 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Swamp Dar ter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostoma olmstedi 

* Almost none, only one small area. 
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10 

2 1 
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2 13 
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Skit Branch near Hampton Furnace - March 2LI, 19824, 1982 

Microhabitats Sample::i 
Spec~es Me&.dow* Open Stream Vegetatioo**B"ck'iiaterr 

Redfin Piake!'.:::l 
~~. am~riqa_Il.~~ 

Chain P icker'e 1 
Eso~ !}Jge" 

Swamp Darter 
~~he.9st.2qI'? fusiforme 3 

* Open area upstream from bridge,. all ars included (Backwater, 
vegetation ,etc.) 

** Very little downstream from bridge. 
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Springers Brook at Hampton Furnace Road - March 24, 1982 

Microhabitats Sampled 
Species Meadow Open Stream Vegetation* Backwater 

American Eel 
Ans.uilla rost}:ot? 

Chain Pickerel 
Esox niger' 

Eastern Mudroinnow 
Umbra pYgIiac~ 

Yellow Bullhead 
Ictalurus natalis 

Pir .. te Perch 
~phredoderus sayanus 

B:mded Sunfish 
E-nneacanthus obesus --------------

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheost.oma ~lEn.stedi 

1 3 

1 1 

1 

1 2 

2 

3 1 2 

4 

* Very little aquatic vegetation except narrow band along edges. 
One crayfish (Procambarus b1.andingi) collected. 
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Burrs Mill Brook at Joh.l')son Place Ro.:.d - March 24 I 1982 

Species 

Redfin Pickerel 
Esox americonus 

Eastern Mudm1nnow 
UmDra pygmaca 

Bande·j Sunfish 
Enneacanthus obesus 

Swamp Darter 
Etheostoma fusiforme 

M1croh.:.oitats Sampled 
Me.:.dow Open Stream Vegetaticn* Backwater 

2 

2 14 

2 27 

6 1 4 

* Very litte, exce pt masses of algae on vines and branches. 
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Fnendship Creek at Powell Place Road - March 24,1982 

Microhabitats Sampled 
SpeCles Meadow Open Stream Vegetation* Backwater** 

Ch&in Pickerel 
Esox niger 

Eastern Mudminnow 
ymbra pygmaco 

Cree k Chu bs ucker 
Erimyzon oblongus 

Blackbanded Sunfish 
~QOeacanthus ~g~et~don 

Swamp Darter 
E1;:QEEg.!?toma r9-s:t.form~ 

* Very litte, mostly near bridge. 

** Very litte. 
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FISH SAMPLING - JUNE - JULY , 1932 

Sleeper Bra'1ch at Pleasan.t Hills - July 21, 1982 (JWlC 14 ) 

Microhabitats Sampled 
Species Heado"l Open Stream Vegetation Ba.cb'later 

American Eel 
An~~~!:}~ rostrata 3 (1) -'---- ~----.,,--

Redfin Pickerel 
Esox a'1ler i can us 1 2 
'-'---"-~ -_.-

Chain Pickerel 
~Q_;< (I:t@!' 3 ~ (1) 1 ::; 

Eastern HudminnQl..f 
Umbra p~~ 3(4) 

Golden Shiner 
~ .. ~t_~~~ ~Cl~~.~s._ ~£L~?~~llc a.~ 

Creek Chtlbsucker 
~T_~TIlYZO~l o.~.1. on g:l S 

Tadpole Nadtom 
Not Ileus g;y r_'.~r:~::> 
.--~.-- ... -,-

Yellow Bullhead 
l~~.~lurus nacali3 

Pirate Perch 
~.p.~.::, e_d?de.r.~~ !?;~¥anus 

Hud SUf,fish 
A can t hal"::!h us ~~tllo~i~ 2(2) ---,'_ .• -._._-.,. 

Bluespotted SUl1fish 
Enneacanthus gl~~9~'~_ ----------

Blackbanded Sunfish 
Enneac3.nthus chaetodon 2 ------'-------- .. --_ .. _ .. _-_.- -.-

Banded Slli"lfish 
Enneac8.nthus obe.sus 2( 1) 8 3 _____ ~H~ ______ " ... _ • __ ~_ ~ 

Largemouth Bass 
M i or' 0 P.~_~!,_~~ salmoide3 

.~------,-
_ .. 0._._. 

Swamp Dar'ter 
Etheos coma fusifor'me (1) 3 2 1 
--'-----"-'--

Tessellated Dar'ter 
Etheostoma olmstcdi 3( 1) 
--'"-----.--".~.- --- -_ .. _-.- -.--
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Albertson Brook upstream of Paradise Lakes Campground - July 21,1982 
(June 14 ) 

Microhabitats Sampled 
Species f1eadO"l Open Stream Vegetation Backwater 

American Eel 
Anguilla rostrata 

Redfin Pickerel 
Esox americanus 

Chain Pickerel 
Esox niger 

Eastern Mudminnow 
Umbra pygmaea 

Golden Shiner 
Notemigonus crysoleucas. 

Creek Chubsucker 
Erimyzon oblongus 

Tadpole Madtom 
Noturus gyr.i-:lus 

Yellow Bullhead 
Ictalurus. ,natalis 

Pirate Perch 
~phredoderu~ ~aya~us 

HudSunfish 
Acantharchill! ~I.ll0t.ts 

Bluespotted Sunfish 
Enneacanthus ~loriou~ 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesu~ 

Largemouth Bass 
Micropterus ~almoid~ 

Swamp Darter 
~theostom~ r.~s~fo~~~ 

Tessellated Darter 
Etheostoma olmstedi 

(1) 1(1) 

(2) 3(4) (1) 

58 24 (1) 

2 

1 

1 

9(20) (1) 
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Skit Branch near Hampton F~f'nace - July 21, 1982 
(June 15 ) 

Microha bJ tats Sampl ed 
Species Headow Open Stream Vegeta.tion Back'\vater-* 

American Eel 
An~Jilla rostrata 

Redfin Pickerel 
Esox americanus 

Chain Pickerel 
!~.? x l:'!lSer 

Eastern Hudminnow 
!!~E.ra p.lgm~ea 

Golden Shiner 
~otemigonus crY30~_~~cas_ 

Creek Chubsucker 
~rimyz0n ?blongu~ 

Tadpole Madtom 
_ ~t u!:'us gyrinus 

Yelloy1 Bullhead 
Ictalurus natalis .-.--------- ---_.-

Pirate Perch 
!pE-!:.edo_d_~~u_~ .s.:~;y~~ tl,.'S. 

Mud Su.nfish 
~~I!~_£1?_~_c:? ~~l2?m·?I~l:~ 

Blues ?.)t ted Su."1f 1sh 
Efln:~~:! thus s.J. ~~~_~9_':ls 

Blackbanded StL."1fish 
Enneacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micr~pter~s ~1:~~i_<?:e.:3_ 

Swamp Dar'ter 
Eth.ElQs ~9fila f_u~.t.f.or'IIle 

Tessellated Darte~ 
Eth~Qstoma Qll!!.~t~.g~ 

1 

3( 1) 

3 

2 

1 

1 

1 

1 1 O( 2) 

*Almost none; one a~ea flooded on June 15, mostly dry and stagnant on t4arch 
24; Sampled on JUV 18 15, but 011 fish collected, not sampled on .July21. 
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Spr-ingers Brook at HamptQ~ furnace Road - July 21, 1982 
June 15,High water-Not Sampled 

Microhabitats Sampled 
Species Meadow Open Stream Vegetation Backwater 

American Eel 
Anguilla rostrata 

Redfin Pickerel 
~ a'1ler~canus 

Chain Pickerel 
~ nig9.E 

Eastern Mudminnow 
Umbra pygmaea 

Golden Shiner 
Notem!~on~~ ~ys_ol~u~_a~< 

Creek Chi.lbsucker 
Erimyzon oblongus 

7adpole Madtom 
Noturus gyriEus 

Yellow Bullhead 
Ictalurus natalis 

Pir-ate Perch 
Aphredodeeus sayan~ 

Mud Sunfish 
Acantr-.archus pomotis. 

Bluespotted SQ~fish 
Enneacanthus glorious 

Blackbrulded Sunfish 
E~~eacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropte~us salmoiges 

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostom~ olmstedi 

2 4 

1 1 

2 

1 

10 1 2 

5 

3 

3 4 5 

4 
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Burr's Hill Brook at Johnson Place Road - July 22, 1982 
(June 15 ) 

Hicroh~bitats Sampled 
Species i1eadow Open Stream Vegetation* Back\ofater 

Ameri can Eel 
~nguill~ ~~~~~~t~ 

Radfin Picker-al 
Esox americanus 

Chain Pickerel 
Esox niget' 

Eastern i1udrninnml 
Umbr'a pyg:uaea 

Golden Shiner 
Notemigonus crysoleu~~ 

Creek Ch;,.:bsucker 
~rimyzOt~ ~l:~!lgus 

Tadpole r-iadtom 
~oturus gyrinu~ 

Yello1f Bullhead 
Ictalurus natalis 

Pirate Per·ch 

Hud Sunfish 
Acant_ha~.5!~l..~ ~mo~.!.s. 

Bluespotted Sunfish 
Enn~acanh~t!~ gloriou~ 

Blackbanded Sunfish 
Enn eaci!:~th':l:~ .ch~~_~<?dol}. 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micr:opterlls salm?~_~~ 

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostoma olmstedi ----

*None sampled on July ,22. 

1 1(3) 

1 

22 . ( 6) 1(2) 

6( 1) ( 3) (2) 

11( 1) 
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Friendship Creek at Powell Place Road - July 22, 1982 
(June 15 ) 

Microhabitats Sampled 
Species Headow Open Stream Vegetation BacJ.,:water~ 

American Eel 
Anguilla rostrata 

Redfin Pickerel 
Esox a'llericanus 

Chain Pickerel 
Esox ni~~E 

Eastern Mudminnow 
Umbra pygmaea 

Golden Shiner 
Notemlgonu3 crysoleucas 

Creek Chubsueker 
Erimyzon 9blon~~ 

'I'adpole Hadtom 
~oturus gyrinu~ 

Yellow Bullhead 
Ictalurus natalis 

Pirate Perch 
Aphredoder~~ sayfu~~ 

Mud Sunfish 
Acanthar'chus pqmoti 3 

Bluespotted S~~fish 
Enneacanthus glorious 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropterus salmoides 

S'olamp Darter 
Etheos toma fusiforme 

Tessellated Darter 
Etheostoma olmstedi 

1 (1) 

1 (1) 

3(3) 

13(3) 

1 

2 5( 1) 

*Very little on March 24; extensIve on June 15, ,{Coded areas well-flooded; 
none sampled on July 22. 
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FISH SAMPLING 

Sleeper Branch at Pleasa."1t Mills - September 15, I:;'. 

Microhabi tats Sampled 
Species t1eadow Open Stream Vegetation Backwater 

Ameri can Eel 
~ngui~l::l rost!."~ta 

Redf'in Pickerel 
Esox a.'Ilericanus -- . __ ._----

Chain Pickerel 
EsC?.!; £,~.E;er~ 

Eastern Mudminnow 
Umbra Ngmaea 

Golden Shiner 
Notemigo!~~ crysole~~as 

Creek Chubsucker 
~rimyzon ,?blon~s 

Tadpole Hadtom 
Not urui? gyl'lnu~ 

Yellml Bull'1.ead 
Ictalurus n::ltalis 

Pirate Perch 
f\.phr§:?o~eru~ sayan ~~ 

Mud Sunfish 
A<?antha.£'ch~ pomotis 

Bluespotted Sunfish 
Enneacanthus $loriou~ 

Blackbanded Su.'1fish 
Enn~anthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micrc:>.pt.::~ ~lm~ide_~ 

Swamp Darter 
Etheostoma fusiforme '-----'--

Tessellated Darter 
Etheo_~_to~,?: olmsted~ 

1 2 2 

3 

3 1 1 

1 

6 2 5 

1 

2 4 3 

6 9 5 

1 2 
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15, 1982 

Microhabitats Sampled 
Headow Open Stream Vegetation Backwater 

Ameri can Eel 
Anguilla rost,!'ata 

Redfin Pickerel 
Esox americanus '------

Chain Pickerel 
~ niger 

Eastern Mudminnow 
Umbra pygmaea 

Golden Shiner 
Notemigonus crysoleucas 

Creek Chubsucker 
Erimyzon oblongus 

Tadpole M'adtom 
- ~turu~ gyrinus 

Yellow Bullhead 
Ictalurus natalis 

Pirate Perch 
Aphredoderus saya~us 

Mud Sunfish 
Acantharchus pomotis 

Bluespotted Sunfish 
Enneacanthus glorious 

Blackbanded SUnfish 
Enneacanthus chaetodon 

Banded Sunfisn 
Enneacanthus obesus 

Largemouth Bass 
Micropterus salmoides 

Swamp Darter 
Etheos toma fusiforme 

Tessellated Darter 
Etheo3toma ?lmstedi 

3 3 

1 2 

1 

2 

1 1 

7 

9 1 
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Skit Branch near Hampton Farnace -September 16, 1982 

Microhabitats Sa~pled 
Species Headm·l Open Stream Vegetatioo Back' • .;ater 

American Eel 

~~~~:?~:: ~_~~_~~~_t~ 

Redfin Pickerel 
Esox americanus 

Chain Pickerel 
~sox ~_~_§~!.: 

Eastern Mudmim10vl 
lJr.l.bra 2Y£':le3. 

Golden Shiner 
1'J ot e1T!..~gon us or y~~l~~,?_a_~ 

Creek Chubsucker 
EriIE-Y~~ ob!5~\~~~~ 

Tadpole fladtom 
Noturus gYT...:.0us 

Yellm, Bullhead 
T.ctalu1'us natalis 

Pir'ate Perch 
!I?hr ed(~i~ r us '? ~~..Y§"~_l:ls 

Hud Sunfish 
A cant. h'otrChlL'3 p')m::>t~s. 

Bl ues p.:)'e ted Sunf ish 
Enneaca~thus glorious 

Blackbanded Sunfish 
Enneacant.hus chaet.odon 

Banded Sunfish 
Enp.e9-canthus oQ.esu~ 

Largemouth Ba.s8 
~crop~rus ~.<?-1~_<?!'9~:? 

SWcu-np Da..."'ter 
~theosto!!!'~ .fusiforme 

Tessellated Darter 
Etheostoma olmstedi ---------

1 

7 

3 

2 

6 
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Springers Brook at Ha~pton Furnace Road -September 16, 1982 

Microhabitats Sampled 
Species t1eadow Open Strea'U Vegetation Back\'1ater 

American Eel 
Anguilla rostrata 

Redfin Pickerel 
-Esox americanus 

Chain Pickerel 
Esox niger 

Eastern Mudminnow 
Umbra pygrnaea 

Golden Shiner 
Notemigonus qrysoleucas 

Creek Chubsucker 
Erimyzon ob~ongus 

Tadpole Madtom 
Not urus gyrinus 

Yellow Bullhead 
Ictalur-us natal~.§ 

Pirate Perch 
Aphredoderus ~ayanus 

Mud Sunfish 
Acantharchus pomoti~ 

Bluespotted Sunfish 
Enneacanthus glorious 

Blackbanded Slli~fish 
Enneacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Bluegill Sunfish 
Lepomis ~rochirus 

Largemouth Bass 
Micropterus salmoides 

Swamp Darter 
~theostoma fusiforme 

Tessellated darter 
Etheostoma olmstedt 
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1 1 3 

2 2 1 

1 1 

1 

4 
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Burr's Mill Brook at Johnson Place Road -September 16, 1982 

Microhabi tats . Sampl ad 
Species Headmv Open Str'eam . VegetatIon Backwater 

American Eel 
~.!.lJil.lqJ:.!! T~ tr:~_~_~ 

Redfia Pickerel 
E SI) x allleri can us 

Chain PickeI'el 
~~~~ nlger 

Eastern Mudminnow 
Umbra pygrnaea --- ._---

Golden Shiner 
Notemi~onus ~ry~~.~_~~~_~~ 

Creek Chubsucker 
E~~l!lxzon <?E.~~ 

Tadpole Madtom 
Floi~~!,us_ g,yr'~nus 

Yellow Bullhead 
Ictalurus natalis -------- ------

Pirate Perch 
A:el:!.~.~_~g_cierus ~:~l~_~~ 

Muj S".lnfish 
tt<;@I1_tl:!~f·.~l!~ ~.!TIo~ t s 

Blu9spotted Sunfish 
gnnell_q~nthu!? &l:ori..2t1,~ 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Bai1.ded Sunfish 
~n.!le~can t.hu~ obesus 

~-.---~. 

Largemouth Bass 
~£~erus ~almo~~es 

Swamp Darter 
Etheostoma fusiforma 

Tessellated Darter 
Etheostoma olrnstedl 
-~----- --,--_. 

1 

2 

2 

2 

36 

6 

12 
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Friendship Creek at Powell Place Road -September 16, 1982 

Microhabitats Sampled 
Species Headow Open Strea.?Ji Vegetation Bacla.,ater 

American Eel 
Anguilla :ostrata 

Redfin Pickerel 
~ americanus 

Chain Pickerel 
~~ niger 

Eastern Mudminnow 
~ pygmaea 

Golden Shiner 
Notemi~onus crysoleuca~ 

Creek Chubsucker 
Erimyzon oblongus 

Tadpole Madtom 
- Not urus gyri nus 

Yellow Bullhead 
Ictalurus natalis 

Pirate Perch 
Aphredoderus sayanus 

Mud Sunftsh 
Acanthal'chus pomotis 

Bluespotted S~~fish 
Enneacanthus glorious 

. Blackbanded Sunfish 
Enneacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropterus salmoides 

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostoma olmstedi 

1 

1 

4 

2 

5 

6 

1 

7 
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Fish Sampling - December 

Sleeper Bra.'1cnat Pleasa..1t Mills - December 27 7 1982 

Microhabitats Sampled 
Species Headow Open Stre&-n Vegetation Backwater> 

Amer'ican Eel 
Anguilla rostraca 

Redfin Pickerel 
Esox a.T!lericanus 

Chain Pickerel 
Eso~ niger 

Eastern Hudminnow 
Uml>ra pygmaea 

Golden Shiner 
Notemigonus crysoleucas 

Creek Chubsucker 
Erimy~ oblonJ~ . .ls 

Tadpole Madtoill 
NotW"us gyrir~~. 

Yello~i Bullhead 
1.::}t.?J. urus !!.:3.I-:. <!.li~. 

'Pirate Perch 
Aphredoderus sayan~~ 

Bud Slmfish 
Acs.ntharchus ~motl~ 

Bluespotted Stmfish 
Enneacanthus glorious 

Blackbanded Sunfish 
:t;n.'1~~.£an thus 9haetc;>do.E} 

'&L."1ded Sunfish 
Enneacanthus ~besus 

Largemouth Bass 
Hicropterus .:,?almoides 

S~vamp Darter 
Etheostoma fusi~orme 

Tessellated Darter 
Etheo.i?toma Q1.mstedi 

1 

1 

7 1 

2 1 

2 2 

3 2 1 
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Albertson Brook upstream of Paradise Lakes Campground -December 27, 1982 

Microhabitats Sampled 
Species Headow Open Stream Vegetation Backwater 

Ameri can Eel 
Anguilla rostrata 

Redfin Pickerel 
Esox americanus 

Chain Pickerel 
~sox niger 

Eastern Mudminnow 
~ pygmaea 

Golden Shiner 
Notemigonus crysoleucas 

Creek Chub~ucker 
Erimyzon oblon~s 

Tadpole Madtom 
.Noturus gyriClus 

Yellow Bullhead 
Ictalurus natalis 

Pirate Perch 
!lphredoderus saya~l us 

Hud Sunfish 
AcantharchLL'3 pomotis 

Bluespotted Sunfish 
Enneacanthus glorious 

Blackbanded Sunfish 
Elli~eacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropterus salmoides 

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostoma ~lmst~di 

3 

4 

2 

14 

5 

5 42 

17 
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Skit B~anch near Hampton Furnace -December 27, 1982 

Microhabitats Sampled 
Species Headow Open stream Vegetat:ton Baclmater 

American Eel 
Anguilla .ros trata 

Radfin Pickerel 
Esox f-Unericanus 

Chain Pickerel 
~~ niger 

Easter-n Mudminnmv 
Umbra p;ygmaea 

Golden Shiner 
Notemigonus cry~~~eu~~~ 

Creek Chubsucker 
Erimyzon oOlongtls 

Tadpole Madtom 
Noturus gyrlnus 

Yellow Bullhead 
Ictaluru~ natalis 

Pirate Perch 
Aphredoderus ~ayanu~ 

Hud Sunfish 
Acantharchus ~tis 

Bluespotted S~~fish 
~~thus glorious 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Ba..~ded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropterus ~almo5.des 

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostoma olmstedi 
--~---- ----~----. 

2 

, 

1 

2 4 
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Springers B~ook at Hampton Furnace Road -December 27, 1982 

Microha bi tats Sampled 
Species Headow Open Stream Vegetatio.'1. Back\ofater 

Ameri can Eel 
Anguilla rostrata 

Redfin Pickerel 
Esox americanus 

Chain Pickerel 
~niger 

Eastern Mudminnow 
Umbra pygma,ea 

Golden Shiner 
Notemigonus ~rysoleucas 

Creek Chubsucker 
Erimyzon oblongus 

Tadpole Madtom 
Noturus gyr'inus 

Yellow Bullhead 
Ictalurus natalis 

Pirate Perch 
Aphredoderus sayan us 

Mud Su..l'lfish 
Acantharchus pomotis 

Bluespotted Sunfish 
Enneacanthus glorious 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Ba....'1.ded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropterus salmoides 

Swamp Darter 
Etheostoma fusiforme 

Tessellated Darter 
Etheostoma olmstedi 

114 

1 1 

1 

1 

1 2 

24 

1 1 

1 

1 

2 6 

4 



Burrs' 3 t-till Brook at .Johnson Place Road -December 28, 1982 

Microhabitats Sampled 
Spec:te3 Headow Open Strea.'1l Vegetation Backwater 

Amari can Eel 
Angun 1a E:9s tcata 

Redria Pickerel 
Esox americanus 

Chain Pickerel 
Esox p.iger 

Eastern Mudminnow 
Umbr'a pygmaea 

Golden Shiner 
NoteJli~nU3 crysoleucas 

Creek Shu~3ucker 
~~i~xzonoblongu~ 

Tadpol,~ l'1adtom 
N01~U-=-US. gyrinu~ 

Yello"T Bull':1ead 
Ictal llr'US natalis 

Pirate Pe~>ch 
Aphr,.~_c:!'~J~ru~ ~~..?-~1_US 

Hud Sunfish 
Acanth'lrchus pomotis. 

Blues potted Sunfish 
Enneacanthus gloriou~ 

Blackbanded Sunfish 
Enneacanthus chaetodon ------ ------

Banded 3unf ish 
Enneacanthus obes 1.l3 -----

Largemouth Bass 
Mic('opterus sal~oi~s 

Swamp Darter 
EtheQ,3 t?ma fusi~~rme 

Tessellated Darter 
Etheostama olmstedi 

16 

1 

3 

6 
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Friendship Creek at Powell Place Road -Decamber 28, 1982 

Microhabitats Sampled 
Spacies Headow Open Stream Vegetation Backwater 

American Eel 
Anguilla rostrata 

Redfin Pickerel 
Esox a."D.ericanus 

Chain Pickerel 
Esox niger 

Eastern Mudminnow 
~ pygmaea 

Golden Shiner 
Notemigonus crysoleucas 

Creek Chubsucker 
Erimyzon obI on gus 

Tadpole Madtom 
'Noturus gyrinus 

Yellow Bullhead 
Ictalurus natalis 

Pirate Perch 
Aphredoderus sayanus 

Mud Sunfish 
Acantharchus pomotis 

Bluespotted Sunfish 
Enneacanthus glorious 

Blackbanded Sunfish 
Enneacanthus chaetodon 

Banded Sunfish 
Enneacanthus obesus 

Largemouth Bass 
Micropterus salmoides 

Swamp Darter 
Etheostoma fusifo~§ 

Tessellated Darter 
Etheostoma olmstedi 

1 

5 

1 

7 

1 

1 5 
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ERRATA AUGUST 1983 

P. ~ Table 3. Summary of water quality data collected from 
each stream. 

The mean pH. value '. for eacn stream should read as follows: 

Stream 

Albertson 
Springer 
Friendship 
S'leepe:r: 
Skit 

2!! 
5.8 
5.1 
4.7 
4.2 
4.4 



The preparation of this document was 
financed in part through a planning 
grant from the National Park Service, 
Department of Interior, under the 
provisions of the Land and Water 
Conservation Fund Act of 1965(Public 
Law 88-578, as amended). 
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