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ABSTRACT

In order to limit large scale erosion and large bed load movemen‘f on Big Bear
Creek, Lycoming County, PA, members of the Dunwoody Club designed a habitat
restoration project partially funded by the Pennsylvania Department of Environmental
Protection. The project employed the Rosgen-style of fluvial geomorphology, a
relatively new and unexamined practice on the East Coast. Construction of the 171
structures over a 1.8 mile stretch of stream required large machinery to alter the steam
bed, causing large-scale substrate disruption. This study’s focus was to determine the
impact that substrate disruptioﬁ had on the benthic macroinvertebrate community and
determine a timeframe for complete return to prior levels. Immediately following
construction (Fall 2000), derllsities‘ranged from 1 organism/meter2 to 57 org/m2 and by
February 27, 2001 densities had reached between 630 org/m2 and 1818 org/m®. It was
determined that benthos densities returned to prior levels rapidly. In addition, densities
after construction far surpéssed previous levels. Along with the invertebrate sampling,

fish community and physiochemical conditions of the stream were monitored.



INTRODUCTION

The logging industfy that was present across fnuch of the east coast in the late
1800’s and early 1900’s léft an indelible mark on the envirohment. Entire mountain
ranges were stripped of &ees, rivers and streams were dammed, and towns and cities
sprang up on their banks;; With the cities and the increasing populations, agriculture
began to boom in the fertile river valleys. In the never-ending search to optimize
production and real estate, people moved closer to the river, eventually impacting the
edologically fragile and important riparian zones. The amount of erosion and
sedimentation increased and over time, streams and rivers were left in unstable
conditions. Once this occurfed, their instability persisted until the system could naturally
right itself, a process that isk still taking place. Since this time, hbwever, the effects of the
stream instability was severe; greater amounts of erosion, lower water levels, and more
extreme and frequent floods occurréd.

‘This was the case at Big Bear Creek, Lycoming County, Pennsylvania. Improper
land usage techniques, including large-scale logging, have left Big Bear Creek in an
unstable condition. The timbering that took place at the start of the 20" century has
caused today’s instability. Over the years the erosion increased, worsening sedimentation
and eventually leading to more erosion during high water events. High water events
caused large bed loéd movement due to the water’s force. The vast majorify of the
cobble and gravel component of the substrate was being washed downstream and or
deposited inksizable gravel bars throughout the stream’s in channel and at its confluence

with Loyalsock Creek, leaving boulders as the primary substrate of the stream (Worobec

2000).



The Dunwoody Club owns a majority of the reach of Big Bear Creek used in the
study. Thev Sunbury Grouse Hunters Club and a few private citizens own other small
parcels along its length. Big Bear Creek is a fourth order, freestone tributary of
Loyalsock Creek flowing through parts of the Tiadaghton State Forest and the Sunbury
Grouse Club lands in northern Lycoming County near Barbours, PA. The Dunwoody
Club first purchased the land in 1887 and has held exclusive fishing rights to the stream
since this time. The watershed that contributes to the flows of Big Bear Creek
encompasses 17 squares miles of land that is 80% forested. The Dunwoody Club owns a
majority of the watershed (Worobec 2000).

informal fishing records have been kept. Over this time, there has been a
significant decline in the catches recorded by the club’s members over the entire stream’s
length. These declines facilitated the clubs annual stocking program beginning in 1927.
This temporarily quelled the population problems and until 1972, Big Bear Creek was a
world-class fishery (Worobec 2000).

A series of events beginning in 1972 led to the further demise of Big Bear Creek.
The first was the flood that occurring in the wake of Hurricane Agnes. The mounting
stream instability and the fact that the fofest was unable to adequately distribute the
precipitation caused heavy flooding and large-scale erosion. A second flood caused by
Hurricane Eloise in 1976 caused even more erosion since the stream had little time to
recuperate following the flooding in 1972. In 1980, a private landowner downstream
built a dam for aésthetic purposes, impeding fish migration and causing aggradation
behind the dam and extending upstream. The flood during the winter of 1996 also added

to the already unstable stream and banks. In 1996, a dam on the grounds of the club was



removed for safety reasons and this suddenly added 100 years of accumulated sediment
into the system. All of these factors together contributed to the gradual widening and
shallowing of the stream, greatly concerning the members of the club (Worobec 2000).
It was determined that a restoration project might save the stream. A Rosgen-
style fluvial geomorphologic project was decided upon based on a number of stream
critéria. Rosgen’s Applied River Morphology(1996) was used as a guide even though no
previous projects of this nature had been done on the east coast. These projects do have a
history in the west and have been quite successful in the western part of the United
States. Rosgen’s guidelines follow specific mathematical parameters determined by the
topography and characteristics inherent to every stream. Historically, stream
improvement structures (e.g. wing dams, deflectors, etc.) were built facing downstream,
forcing the water towards the center of the stream and away for trouble areas. However,
these conventional structures can cause problems during high water events. As the water
volume increases, the water swirls behind the structure and gouges out the banks
downstream of the structure, curing one problem area but at the same time creating
another. The Rosgen method consists of upstream facing structures that “pull” the water
to the coﬁect channel by means of the water’s own force. It works on the principle that
water flows over any object at a right angle. By utilizing calculus-derived formulas, it
returns the stream to its natural course by simply positioning the structures properly and
letting nature take care of the rest. The structures create a slack water area near the banks
where the sediment load is caused to fall out of suspension and deposit along the shore

where it can build up the banks and keep the channel open. As the banks build and



vegetation begins to grow, the erosion diminishes and alleviatgs the amount of sediment
entering the stream. In essence, the stream is healing itself (Worobec 2000).

The construction project on Big Bear Creek began in 1996. At this time, the club
members built 14 log structures following the Rosgen technique. Although at the time
they were not aware of the fact, the majority of the structures were built incorrectly but
were still functioning to some degree. In October 1999, after receiving a Growing
Greener Grant from the Pennsylvania Department of Environmental Protection, 4000
additional feet of stream were restdred including 38 boulder structures comprised of
truﬁcated cross veins and J-hook veins. The autumn of 2000 brought more construction
on Big Bear Creek. The construction occurring during the month of October and when it
was completed, 171 structures had been built covering a distance of 1.8 miles of stream
in all. In the fall of 2001, a final project is scheduied to complete the final reach of
stream to its confluence with Loyalsock Creek but is currently undergoing some
opposition by a few land owners (Worobec 2000).

In order to construct Rosgen-style structures, it is necessary to use large
machinery to place boulders, causing severe disruption to the streambed and surrounding
banks. The large bulldozers, front-end loaders, and cranes drive directly on the
streambed causing large-scale substrate disruption, the habitat of benthic
macroinvertebrates. The equipment left the entire reach of stream disrupted; all existing
substrate had been érushed and periphyton colonies were scraped free of the rocks by the
machinery. The fragile nature of the macroinvertebrate community is widely known, .
raising the question as to whether construction procedures would be beneficial. The

macroinvetebrates are a very fragile population and any seemingly small impact can have
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¢) Area graph comparing the densities of the different Order of macroinvertebrates in
samples taken at Site 16 following construction



Table 3: Macroinvertebrate Data from Site 19

e

10/31/00 - 1A/7/00 14/14/00° 11/28/00  12/8/00 113/01 218101 2270 R
Taxa
Ephemeroptera
Baetidas
Bastls 1 17 13 5 %
: Ephemerellidas (S04
; Dannelia
Ephemerella 1 I3 4 8
Eurylophella
§ Heptageniidas
3 Epeorus 27 48 89 80
i Rhithrogena ‘
\ Stenacron . .
Stenonema : s i, b
Oligoneuridas
isonychia
Paraleptophlebidae
Paraleptophlebla 2 1

5

Plecoptera :
Chioroperiidae } I ok
Haploperia /
Sweltsa 2 1 8 1 3 S H
Leuctridae . : :
Leuctra 4
Nemouridae
Amphinemoura ' Ay
Peltoperiidae
Peltoperia 1 S 1
Perlidae '
Acroneuria
Periodidas .
Isogencides 1 [
Isoperia 1
Pteronarcidae
Pteronarcys 1 1
Taeniopteridae
Taenlonema 1 18 9 7 3
Taeniopteryx 1 S

-
N

Trichoptera
Brachycentridae
Brachycentrus 5 S 3
Glossosomadidae
Glossosoma
Hydropsychidae .
Cheumatopsyche 1
Hydropsyche 1 1
Odontoceridae
Psilotreta - 1 7 6
Philopotamidae
Dolophilodes 1 1
Polycentropidae .
Palycentropus 8
Rhyacophliidae .
Rhyacophilla : 8

Coleoptera
Eimidae
Optioservus

Odonata
Gomphildae
Lanthus

Diptera
Athericidae
Atherix
Chironomidae 2 4 -] 3 2 3
Simulidas S
Simullum 2 29 3 3 14
Tipulldae -
Antocha
Hexatoma
Tipula

-
-
-
-

Oligochaeta
Turbellaria
TOTAL: 1 7 1 9 - 13 103 118 106

Subsample 60of24 Bof24 Bof24
Dansity 818 517.5 830



Figure 9: Graphical Analysis of Macroinvertebrate Data at Site 19

Macroinvertebrate Desity at Site 19
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a) Line graph showing the density of macroinvertebrates following construction of
truncated cross vein structure at Site 19
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Figure 10: Comparison of Desities of Macroinvertebrates
Following Construction

Densities of 3 Study Sites on Big Bear Greek Fallowing Construction
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a) Comparison of the macroinvertebrate densities following construction at each of the 3
sites included in the study. Construction ended on 10/10/00 at Site 2 and the week of
10/28/00 for both Sites 16 and 19.
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Table 4: Diversity Analysis of Macroinvertebrates in Big Bear Creek

Taxa Richness

1st week following construction
5th week following construction
Final sample

Site2  Site 16
93%  100%
171%  78.95%
120%  100%

*comparison with historical data from comparable dates

Biotic Index
Site 2
10/19/99
10/24/00

11/2/99
11/7/00

3/6/00
2/27/01

' Site 16
11/2/99
10/31/00

1/12/00
1/9/01

3/6/00
2/27/01

1.94
22

1.96
1.92

1.892
2152

2,762
1.561

2.114
2452

2.453
2456

*comparison with historical data of comparable dates

Simpson

* 1st week following construction
¢ 5th week following construction
- Final Sample

{ Shannon-Weiner

1st week following construction
- 5th week following construction
: Final Sample

Site 2 Site 16  Site 19
0.922 0.694
0.828 0.785 0.805
0.743 0.694 0.736

Site 2 Site 16 Site 19
3.636 3.208
3.322 2.664 2.058

2.584 2.183 2574
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Table 5: Tagged Fish Data from Big Bear Creek
(Summer/ Fall 2000)

TAG# Species  Length(cm) Weight(oz) . Age(yrs) ... Location

228 Brook 13 1 . 16
229 Brook 15 2 ' TR 8
230 Brook 17 2 8
233 Brown 26.5 7 2. 11
234 Brown 22 4 4 0N
238 Brook 20.5 3 2 '11
239 Brown 26 6 i 2
418 Brown 21 4 3 M
428 Brook 18 3 ERE
430 Brown 17 2

431 Brook 22 5 |

434 Brown 19 4 -

450 Brown 22 3 3.

451 Brown 12.5 1

452 Brook 17.5 2

453 Brook 19.5 4

454 Brook 17 2

455 Brook 23 5

456 Brown 24 6 3 9
457 Brown 20 5 2 9
461 Brown 245 6 5 7
462 Brown 22 5 4 4
467 Brook 22 4 2 6
472 Brook 15 2 1 1
475 Brown 26 8 3 11
480 Brown 22.5 4 11



Figure 1 1: Comparison of Size Distributions of Trout in Big Bear
Creek

Size Distribution of Trout In Big Bear Creek{summer/fall 1999)
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a) corparison of the numbers of trout in various size classes collected during
electrofishing sessions during Summer and Fall 1999

Size Distribution of Trout In Big Bear Creek{summer/fall 2000)
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b) comparison of the numbers of trout in various size classes collected during electrofishing
sessions during Sumimer and Fall 2000
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Table 6: Physical/ Chemical Data from Big Bear Creek
Plunkett's Creek Township, Lycoming County

Site 2
Date

8/29/00
9/25/00
10/31/00
11/28/00
12/20/00
1/30/01
2/27/01

Site 16
Date

8/29/00
9/25/00
10/31/00
11/28/00
12/20/00
1/30/01
2/27/01

Site 19
Date

10/31/00
11/28/00
12/20/00
1/30/01
2/27/01

Site NDS
Date

9/25/00
11/28/00
12/20/00

1/30/01
2/27/01

%

5.79
6.71
6.19
6.45
6.19

pH

6.79
6.67
6.26
6.49
6.17

6.82

5.92

Alkalinity  Nitrate  Nitrite =~ Ortho P.
(mgll)  (mgll) (mgl) (mglt)
0.06 05 0.003 NA

1.3 0 0.06
35 0.7 1 0.07
0.01 0.1 1 0
0.01 0 0.002 0
0.33 08 0.003 0.2
<0.01 0.1 0.003 041
Alkalinity  Nitrate Nitrite Ortho P
(mgiL) (mg/L) (mg/L) (mg/L)
0.01 0.7 0.0053 NA
1.1 0 0.21
<.01 1 1 0.04
0.03 0.2 1 0
0.01 0 0.001 0.01
048 0.9 0.01 0.3
0.05 0 0.004 0.1
Alkalinity  Nitrate Nitrite Ortho P
(mgll)  (mgl) (mgl)  (mg/L)
<.01 0.5 2 0.03
0.09 0.2 2 0
0.01 0 0 0
0.5 0.8 0.002 0.3
0.07 0.01 .0.002 0
Alkalinity  Nitrate Nitrite Ortho P
(mgll)  (mgll) (mglL)  (mglL)
1.2 0 0.16
0.11 0.3 2 0
<0.01 0 0.006 0.3

DO
(ppm)
9,‘8

14.6
14.2
14.26

14.58
14.29
13

DO
(ppm)

12.56
14
14.2
12.26

DO
(ppm)

12.36

11.77

162

04
19
37

(©
15.6

0.4
1.3
37

Temp
(©)

5.3
0.4
1.2
37

Temp
©)

5.4

37



