£ OO0 http://www.cqvip.com|

Y

FlowE * = = i Vol 19,No. 1
1959F 1 H ACTA ECOLOGICA SINICA Jan. .19949
- T2y
~ HJ /’ 575\]

EEAMENUERKROTREMM
oncls HA ™
2% 2 H. Alexes Londo Rebecca A. Megown # 4 %
William J. Boelema.Ann M. Hoefferle,Jacob J. LaCroix,
Andy J.Londo,Krista A. Markovic,Michelle L. Olson.,

Karen E. Owens
(S kao! ut Forestry and Woed Products Mickigun Technologica University  Houghema AL ,499310)

WE LR R HRBE F R R BRI S K P AE R R B AR A T T AT E b e R R R E
IR R K wiriE RN ME G E REARCANFO) , 238 ARES 15 kb o s w0 85K R B e S 8 .
#HE o HERL BEA N A BT T AR RS T e R AR T A R R R
U1 BT AL WLy o 3R AT L4 3 L A SR EL T L, RS 4R K D o iy o R R R AR A A —
BRYE MEB R Ee0 i ER ARl B R i HB R PR G L A Sl R
B g Sumai e F e B KER L. REH PARD 25 8 WA R W AR R B
EmE PR AR 20 HE A ERSEE PR AEDARE. AR R TR
I AR

1
X@F TR K ERE. g % E2

STREAM STRUCTURE ACROSS FIVE MOUNTAINOUS
WATERSHEDS IN THE CONTINENTAL UNITED STATES

CHEN Ji-Quan H. Alexes Londo Rebecca A. Megown ZHANG Quan-Fa.
William J. Boelema. Ann M. Hoefferle Jacob J.LaCroix Andy J. Londo

Krista A. Markovic,Michelle L. Olson  Karen E. (Jwens
¢ School of Forestry and Woed Mroducts Mickigun Technological University  Houghton JAf] 45931

Abstract Stream geometry and related measurements are the baseline information needed
for ecological analysis of materials and energy movements within a watershed landscape.
Using the United States Geological Surveys(USGS thydrography database and a geograph-
ic information system ( ARC/INFO )., we examined and compared the distribution of
streams. stream sections. total numbers, density, and riparian zones,in five mountainous
watersheds 1n the continental United States ;the Pacific Coastal Range ,Cascades .Rockies .
Appalachian Mountains .and Ozarks. Stream networks were found to be similar among the
watersheds . with first order streams comprising up to B} % of the watersheds,The two wa-

tersheds in the eastern US had smaller stream length .basin relief,and higher stream densi-
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ty and section density than western watersheds. The amount of riparian area linearly in-
creased with buffer width and did not account for larger amounts of the land area. Only
seven to twelve percent of a total watershed area was included in riparian areas when a
60m buffer width was applied. Riparian zone distribution was related to watershed geomar-
phology. Emprirical models were developed to predict the proportions of stream.stream
density,and changes in riparian areas with stream order within each warershed. Applica-
tions of these results in ecosystem analysis at watershed scales and riparian zone manage-

ment are discussed.

Key words stream structure.watersheds.

1 INTRODUCTION

The 1mportance of understanding ecosystem behaviors at large spatial and temporal scales for natural
resource management has recently received special attention 1n ecology +furestry . wildlife management ,and
conservation. Concurrently . watershed analysis, as pioneered by Bormapn and Likens!'i at the Hubbard
Brook Experimental Forest in New Hampshire,has been widely accepted as both a logical approach 1 e-
cosystem science and as a basic unit 1n resource management' -, Scientific investigations of many ecological -
processes(e. g, . evapotransporation» mass movement.disturbance, vegetation dynamics of watershedsare
espectally recommended and sought 1n the literature™ “%2, In practice,the Farest Ecosystem Management
Team ® - uses the watershed approach with a ceptral focus un stream networks and the associated riparian
habitats region wide as a part of integrated ecosystem management!™ .

The structure and function of a stream and ripanan ecosystem are Key issues 1p a watershed study.
Many authors have suggested streams and riparian areas ta be the “blood system™ and “hot-spots™of a
landscape™ ¥, These terms originated because ripanan areas form a highlvy connected network which pre-
dominately affects the overall function of a land<cape. Examples include distribution and movement of

12

species, nutriepts . sediment , cumulative effects, and disturbapce events' '), The development of "river

continuum copcept by Vannote er af, and others'® 27!

swhich defines the existence of gradients of ecosys-
teTl composition,structure.and {unction as one moves from the head waters to large rivers.provides a me-
chapical framework for exploring scream functinns,

Recognition of the importance of stream networks v landscapes has also lead to scientific interest
the examination of ripanan zones and their influepces on hoth aquatic and rerrestrial ecosystems. Ripartan
zone funcwons include providing shade,fine and coarse organic matertals ,nutrients,stream sediments,and
diverse habitats for plants and wildlife.and eorridors for seed and apimal dispersal "~ "*!], Management ef-
forts ta help riparian zope functions include leaving riparian buffers on both sides of a stream during timber
harvest and avoiding detrimental buman activities. These management efforts have become a generally
practied managument guideline 1n North America with the area involved sometimes referred o as riparian
managetment zopest!, For the Pacific Northwest. FEMAT proposes that buffer width be dependent upon
stream ordersgealogical settings ,and surrounding topography. The buffer width may vary according to geo-
morphic features which has resulted in the proposed buffer wadth of 5300t to 3udftd. e, +=2=10~30m}, Man-
agement objertives and guidelines concerning riparian zopes are oprional and differ between timber indus-
tries and environmental graup-'*"%,

Despue the theoretical and practical Jebates op management criteria for huffers,there 13 a lack af basic
B
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informanon about the structure and spatial distribudons within a watershed or landscape. For example.
how many streams and how much riparian areas given specific widths are in watershedsfAre stream seg-
ments proportionally divided by stream orders?For mountainous areas ,what are the roles of basin relief (.
e. ,elevation)in characterizing stream and riparian networks?

Using public-domain hydrological and elevation databases maintained by the United Staes Geological
Service (USGS) .this study was initiated to examine the stream networks of meuntainous watersheds in five
mayer mountain ranges in the continental United States:the Pacific Coastal Range.Cascades.Rockies. Ap-
palachian Mountains ,and Ozarks. Specifically our objectivas were to:(1Jcompare the differences and simi-
larities of stream networks in mountatnous watersheds; (2 Jevaluate the influences of streams and rivers by
order in the above landscapesti. e. selevation by developing width-varying riparian zones;and (3) provide a
conceptual framework for understanding streams .riparian zones.and their potential applications in ecologi-
cal research or natural resource management. Our working hypothesis was that streams and stream net-
works of the five mountainous landscapes have similar structures and influences(i. e. sriparian zonesacross
watersheds in the above ranges.

2 METHODS
2.1 Study Areas

Five watersheds were included in this study (Fig. 1}:the Queets River watershed in the western por-
tion of the Olympic Peninsulat WA Y, the McKenzie River watershed 1o the central Cascades QR ), the Sull-
water River watershed 1n the northern Rockies (MO ) .the Current River watershed in the western Ozarks
(MO and AK).and the Litter River watershed in the southern portion of the Appalachian Mountains ¢ T
and NC). Selection of these watersheds was based on extensive research determined in the past and on-go-
ing reseatch projects at these sites.

The Queers River watershed in located on the west end of the Qlympic Peninsula{124°10°N and 47°40
W ). The chimate is mild ,between 0 and 25°C and rarely freezes. The vearly average rainfall s close ro
500cm. Elevation ranges from sea level to 2434m on Mount Olympus over a horizontal distance of 55km.
The high rainfall and effects of the Pacific Ocean jointly produce the tare temperate rain forest thar 1s dom-
inated by sitka sprucet Picea séichensis) ,western hemlock (Tsuga heterophylia).and western redcedar ( Thu-
ja plweata ). Donglas-fir ( Pseudotsuga menziser ) subapine fir { Abres faciocarpa).and Alaska yellow cedar
(Chamaecypans nootkatensés Ybecome more dominant with increasing elevation. The unigue active glaciers.
maritime climate ,rainforest.and soil provide diverse habitats for flora and fauna.

The McKenzie River watershed is located in the densely wooded .central porden of the western slope
within Oregon's Cascade Range<44°15'N and 122°10°W ;. Elevation ranges from 420~1630m and the ter-
rain is extremely rugged with steep slopes and deeply incised streambeds. The area has a quasi-Mediter-
ranean climate with mild moist winters and warm dry summers, The average annual temperature 1s 8. 5°C.
Only six percent of the mean yearly precipitation{230cm falls from June to August. Most soils in the area
are classified as Inceptisols ,but some Alfiscls are present. These soils are highly porous.with A0% ~70%
porosity 1o surface soil and 50%-~680% parosity in subsaoils. High porosity also provides storage for 30~
40cm of warter in the upper 120cm sotl. which serves as a water source for the forest during summer
drought!?"). Vegetation in this area is stratified into two major zones,resulting from the altrude tempera-
ture gradient. The Tsuga heteropyila{Raf). Sarg. zone is generally below 1050m and has abundant western
hemlock and Douglas firl®). The Pacific silver fir ( Abres amabilts Dougl. ex Forbes ) zone is found above
1050m.

The Stllwater River watershed(48°30'N and 114°42"W )is located in the northern Rockies and serves
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as a drainage for the Beartooth Mountains. Starting elevations of the headwaters(located 40km south of
Cooke City,MT Jare in excess of 3300m. Precipitation is mostly in the form of snow at or near the headwa-
ters and exceeds 247cm annually. The Stillwater River flows northeast for approximately 105km before
emptying mnto the Yellowstone River east of Columbus,Montana. The elevation of this juncture is estimat-
ed to be 990m with annual precipitation here being only 35cm. Geologic formations of the watershed are
comprised of some of the oldest known rocks. Vegetation along this watershed varies greaily and is mostly
determined by elevation. Lodgepole pine ( Pinus contorta)is the most frequent and dominant species in the
watershed with subalpine fir ( A. {aciocarpatand whitebark pine(P. albicaulrs}in the subalpine areas. Much
of the lodgepole area is in a regenerative state due 1o the 1988 Yellowstone fires. Over 55 680hm® of lodge-
pole forests in the Stillwater watershed were burned and are recently showing signs of regeneration.

The Current River watershed 1s located in the eastern portion of the Ozark Mountains in southeast_ern
Missouri and northeastern Arkansas(36°15'N and 90°33 W ). The region has a humid continental climate
with hot,humid summers and cool winters. Average annual precipitation is 112cm,the majoricy being rain
during spring and summert®1. Dolomitic limestone imbedded with large quantities of chert dominated of the
watershed. The soil is clay or clay loams containing chert on the surface®). Southern hardwood forests re-
main relatively unfragmented,and importain species include oaks {(Quercus spp. ), hickories (Carya spp. 3.
and shortleaf pine (Pinus echinatal.

The Little River watershed is one of 43 major watersheds in the Great Smoky Mountains {83°35'W
and 35°40'N). Aquatic resources include a gradient from extremely soft-water.first order streams to more
buifered third and fourth order rivers. The Smokies are located along the border of Tennessee and North
Carolina and lie along the backbone of the southern Appalachian Mountains. It 1s underiain by a diversity of
igneous ,metamorphic and sedimentary bedrock types. The climate is characterized by high precipitation(>>
150cm per year),cool summers.and cold winters. Soils are shallow Inceptisols with a thich organic hori-
zon. The Great Smoky Mountains are also rich 1n plant and wildlife diversity. Approximately 1200 native
vascular plant species and about 130 trees., 450 known bryophyte and over 3400 lichen species!®™ exist
there. A variety of forest cover types are distributed within the watershed, including the largest undis-
turbed area of the remnant red spruce-iraser fir (Picea rubens.and Aéres frsaeri}orest in the world 2",
2.2 Data Acquisiton and Analysis

Our major data sources included 1:100 000 scale digieal line graph (DLG)of hydrology and 1:250 000
scale digital elevation models (DEM )of the GeoDatabased mamntamned by the USGS through electronic list-
serve. These data were retrieved using anonymous File Transfes Protocol {(FTP) .decoded,and imported in-
to an ARC/INFO Geographic Informations System (GIS) on a UNIX platform. Originally,these data were
stored in eight files per pixe! of onedegree regulary speced intervals. ARC coverages imported from these
files were merged into one file for each basin. Using USGS 1:100 00¢,scale topography maps as a hard-
copy reference, dangling arcs, lakes. reservoirs, man-made canals and other anomalies were removed.
Stream order was then assigned to each stream section based on Strahler', Standard buffer widths of 10,
20,30,45,60,90 and 120m were applied to sections across the watersheds to generate riparian coverages.
Variable widths were used to examine the amount of riverine forests in the watershed/landscape under dif-
ferent management scenarios that are currently applied on public lands.

The DEM lattice was used to delineate watershed boundaries using “FLOWDIRECTION™ and “WA-
TERSHED" commands of the GRID Module in ARC/INFO. This boundary coverage was used to calculate
watershed size and to clip 2’ DEM of the watershed. The DEM lattice then was used to generate an eleva-

tion coverage ,which was later unioned with stream and riparian coverages to explore the spatial distribu-
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tion of streams and riparian zones in each watershed. All coverages and lattices were projected to the Uni-
versal Transverse Mercator(UTM Jcoordinate system.

Watershed size.stream length by order.area of riparian zones.and their spatial distribution of streams
along the elevation were downloaded into ASC [ fies from the INFO Module for further analysis. Abso-
lute and relative iength of streams by stream order.and area of riparian zones by seven widths and eleva-
tion were rabulated and summarized using Statistical Analysis System ¢ SAS). Linear regression analysis
was completed to develop empirical models to predict the changes in stream length,stream density.and area

of riparian zones with stream order in each watershed.

3 RESULTS
The five mountsinous watersheds are clearly different in their size (423~ 5888km?),shape .basin relief
(4308 to 3142m).and stream density{Fig. 1, Table 1}. The Current River and the Littie River watersheds [

are two extreames in their size and topography. The Current River watershed is the largest (6888. 0dkm?)
with the smallest relief ratio,while the Little River watershed is the smallest1 423, 47km?Ywith larger relief
ratio. The Current Rriver watershed has the lowest elevation differencel 408m Ycompared to a drop of over
3000m in the McKenzie River watershed(Table 1). The two watershedsithe Little and Current nivers)in
the eastern states seemed 10 have significantly lngher stream density .shorter streams yhigher section densi-
ty,and smaller basin relief than the three western watersheds. A simple logarithmic linear regression
proved to be an effective model to predict the changes in stream length and densiry for each stream order
tTabie 2).

Table 1 Watershed location , area,elevation.length ,and density calculations for five mountainous riparian

areas of the continental United States

Study area Location Basin Elevation Rasma Relief  Srreem  Mean No.({ Section
(River Name) (State )} Area Max, Min. relief ration density length streams density
(km?) (md (m? (mt  Am/kmd)(m/kmEy  (m) fMY (N m?
Current Missouri GES8E. 04 444 T4 108 Looh 971,04 1511 3360 0, 49
Little Tennessee 423. 47 2009 280 1729 4. 0B  85%6.66 1554 223 . 53
McKenzie Oregon 3136.78 3142 62 3080 0.98 G23.21 2384 8§20 0. 26
Queets Washington 1171, 41 2134 a 2134 1.82 651.89 3222 237 0. 20
Stillwater Montana 2802. 18 20868 1. 067 589 0. 35 55314 2870 623 .22

Table 2 Parameters from logarithmic and linear regressional analysis using buffer width as independent

vanable to estimate propertion.stream density.and propertion riparian area of the specifled watershed

Proportion™ Stream density@ Proportion riparan Area®
Study aren

by hy MSE adjR? b b, MSE adjR? hy MSE adjR*

Queets 4,104 —1.523 3. 74T 0. 987 5.919 —1.185 2, 247 a, 670 0.128 153.642 9.9%39
MacKenze 4,129 —1.764 5.027 0,971 5. 968 —1.786 5.142 0.966 0. 122p 140.9%1 0. 9%9
Stltwater 4.170 —1.748 4. %36 0. 887 5.884 —1.535 3.95%9 0,961 0.115 124,745 0,9%9
Current 4,085 —1.664" 4,476 0. 981 6.332 —1.674 4,637 0. 994 0,190 33% 306 0, 9%9
Littte 3.591 —1.440 3. 349 g, $h1 6.5%4 —2.325 B.733 0. 735 0. 202 336.633 N, 959

TModel used:In¢ v)=2;+4In{xr)+¢e
BiModel vsed: v=>5bz+=
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Fig.1 Geogaphic distribution of streams in [ive mountainous watersheds of the continental United States

Two of the smaller watersheds (Queets and Little Jextend to fourth order streams only ,#hile the Still-
water and Current extend to sixth-arder streams{Table 3}. As expected.the rotal length of streams was
linearly related ta basin size (R*=95. 8)and the propurtion of streams in all five watersheds decreased expo-
nentially with stream order (60%,18% ,and 10%{ for first,second.and thrid order streams .respectively )
(Fig. 2a3. There is no clear difference in the distriburion of streams by order among the five watersheds.
Changes in stream density with strream order also show exponentially decreasing trends ar these watersheds
but the Current and Little River watersheds have higher density for the first order streams (Fig. 2b).
Stream density for higher order streams among the five watersheads was not different.

The amount of area contained within the 7 buffer zanes increased linearly with basin size (R*=95. 4%
~96. 5% Jand buffer width in all five watersheds{Table 3). For example.in our smallest watershed (i. e. ,
the Little River),using 2 medium buffer width of 60m or abour 200ft,there are 5235hm® of riparian area.
Riparianarea increased to 79350hm? in the Current River watershed.which is the largest (Table 4). Two
distinct increasing patterns in buffered area with buffer width were apparent as noted tn stream length in
Fig. 2b. Changes in proportion of tipatian area of the watershed are greater n the two eastern watersheds
than those in the west(Fig. 3. Our confidence in predicting the amount of riparian area by stream order
was greater than 99. 93 (Table 2.

Spatial diseribution of stream and riparian areas in the watersheds indicate a very unique pattern with-

in the Current River watershed (Fig. 43. The majority of riparian areas are distributed in the mid to lower
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areas of the landscapes and decreases exponen-
. . . . . . T
tially with increasing in elevation. In the Cur- "
£ .
rent River watershed .however.the distribution X =~ Queets - - Snliwarer

—Cuar- Ltk & Mckenae
. . . . . remt
of riparian area in the landscape is relatively

. . < 40
even within the range of 2¢0m to 400m in ele- <

. . g 3
vation with smaller amounts extending nto the E )
high and low extrermes. The above relationship & 80

—_
=

appeared to be independent of buffer width.

Similar distribution of land areas along the ele-

vational gradient in each watershed existed Hon—
(Fig- 5).indicating that mountainous sireams - bov
are independent of spatial locations and eleva- 2‘5“5
tion. %4“0
4 DISCUSSION 2 sunp
Streams and related concepts and theories ;2“‘3

are becoming the key components in ecology as 15

we extend our interest in ecosystem processes

Srteam arder

to broader scalest™, Many issues,such as water

quality conrral and maintenance of biological di-
i . Fig. 2 Correlation between proportion of stream seg-
versity.cennot be properly addressed withour .
- ments [a)and stream density {b)af total watershed {for

L. . - .
baseline information on the geometrical struc- . .
each stream order represented in the five mountainous

H [2u”
ture of stream networks in a watershed“-. A watersheds analyzed

combination of the DLG information from US-

GS GeoDatabase and applications of geographic

T ope
information systems are promising for quantify- E; Queets -~
H H s . H 20— Mikenane
Ing stream structure and associated riparian ;‘; - Stllwater
zones at the watershed .landscape,and regional # | & Cuzremt

Bigl I ittle
scales!"™. Completion of the GeoDatabase coun- ]

5
try-wide in the near future will allow us to sys- S0

E

Y
tematically examine the stream networks of -

. a5k
each geological region. g
A limitation of using the GeoDatabase to E "

S | L i 1 L 1 |
. . . o 2030 R0 pd 1IN0 120 140
delineate stream networks is that most first and Buffer widthtm1 .

second order streams are not tncluded in the

database because of its coarse resolutionii. e. 51 Fig. 3 Froportion of watershed area included for each

11 5 .
: 100000 . Other more accurate approaches. buffer widths for five mountatnous watershed from the

might involve delineation of stream networks concmental Unsted Srates
using high resolution digital elevation models
based on geomorphic and hydrologic process-
esl ") mapping topographic cues on fire scale maps{i. e. « 1 7240007, or resorting Jo field mapping to
ground truth the date.®'Despite the contruversial debates on various models and approaches'™, the Geo-
Database is the only available database tn provide relative good quahty and consisten precison when making

COMparisons across regions.
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Table 3 Stream length by arder and total stream length for five mountainous watershed areas in the conti-

nental Unlted States

Srudy Stream order Total
area 1 2 3 4 5 6 thr)
{km} Ckm) tkm? {km) (hem) {km}
Current 4217. 54 1750, 02 616. 64 374. 5% 138,17 231. 22 G688, OB
Little 22889 70. 27 33. 04 16. 77 - - 379.71
McKenzie 1187. 01 338.03 186. 79 132. 48 110, 57 - 1454, 88
Queets 451. 68 152. 52 115. 11 4C. 33 - - 163. 63
Stillwater o1 57 366. 76 177.51 143.16 48, 30 16. 81 1663. 12

Table 4 Watershed area(km®)calculated for five mountalnous watersheds using 10,20,30.45,60.%) and

120m buffer widths

Buffer widths

Study
ared 10{m} 20im} 30€m) 45¢m) 60(m) 40C¢m? 1201m>
Current 130. 01 249,03 397. 3B 596. 30 793. 50 181. 06 1560. 17
Lisle 8. 15 17.52 2%. 31 5. 3% 52, 35 77.92 103, 00
MeKenzie JE. D2 7B.13 1712 175. 46 233. 28 348, 86 462, 93
Queets 15.42 29,03 45. 36 68, 07 on, 70 135.20 170,13
Stillwater 38. 52 78. 13 117.12 175. 46 233. 28 348. 86 462,93
50 121 Queels i) T ekt
10 nibm 1 &0m £
o 20m  uSrm o
3 r30m
- S 4im 10
E ¢ U
= In I
g e
a n
g gy SR2 662 20R2 2567 3nby
EGO v rSnillwarer ;:;: v L
- L .
fj': 500 T er teLarrle
i3 o ]
<, 06 10
v 200
o 100)
0 Y
1097 1297 Hpe7 567 3097 3587 TR IFE a7g T+ 7R 575 %BD T 1280 1780
Elevanianim! Elevaunntm Elevationim}

Fig. 4 Total area distribution by elevation of each buffer zone for the five mountameus watershed investigated

QOwr results may therefore be significantly biased due to missing smaller streams in the GeoDatabase.

For the Coastal range and Cascade Mountains in the Pacific Northwest,the FEMAT team'! reported that

stream density ranged from 1. 82 to 5. 56km per square km based on 53 small watersheds in Washingtonand

Oregon. Results from the GeoData base for the Queets and McKenzie River watersheds are only 0. 652 and

0. 623km/km?, respectively (Table 1),suggesting that the GeoData base probably mussed at least 60% of
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small streams. As a result. the amount of smaller

streams and associated riparian areas reported in the

)
study is underestimated. However, it appears that the ) !_—Queets - -
. ¢ —#Mckenzie < ,‘\
pattern of changes in stream length by order remains - = Sullwater
the same,suggesting that stream networks constructed Em h:if:,:m //
using the Geo Database are valid and comparisons can J;E - - N
be made among our five selected watersheds. Clearly.a :5 " d
high quality stream network database is the key for fu- é
ture studies relating stream networks and their rela- & "\
tionships to various ecosystemn processes and manage- \'\b
ment practices. a5 55 o s S

. . . Re.lau\'le elevatiin
Consistency in proportion of streams by order

suggesTs mountainous streams have very similar strue-
i Fig.5 Distribution of land area relative to basin size a-
tures (Fig. 2a and Table 4%, regardless of watrershed

long the elevation. The x axis represents a relative ele-

size and differences in stream density {Fig. 2bYamong . L
vauon gradiemr which is computed using elevanon data

the five mountainous watersheds. There results as s Comaximurm-mmimum) / basim reliel)

matched precisely with findings in coastal watersheds

of western Washington where the percentages of first and second order streams are about 60% and 183 .
respectively!®], These results support our hypothesis that streams are orgamzed in a similar structure
across mountainous watersheds. Frelared these simalarities to a higher level of processes (i. e. .self-organi-
zation ). We argue that basin morphometry.such as the size and drops of sub-basins and slope.may have e-
qusl contributions™**, Obwiously .conclusions cannot be made without including more watersheds and analy-
ses in similar and different peological settings. Similarly ,our conclusion that the western watersheds have a
lower stream density also needs further research.

Special attention needs to be paid to the spatal distribution of streams within the context of elevation
in the watersheds. We found that a majority of streams were distribured in the lower elevations of the
Queets, McKenzi, Stillwater. and Little watersheds. where there are steep slopes and larger elevation
drops. However.the streams in the Current River watershed were more or less evenly distributed in the
landscape . largely because the geological settings are more uniform(e. g. ,smaller basin relief.Fig. 5Jcom-
pared with the other four watersheds'®], Nevertheless.high correlations between the spatial disribution of
riparian zones and total land areas,along elevation gradients{Fig. 4 and Fig. 5Ysupports a conclusion that
predictable models can be developed based on the size of the sub-warersheds in a basin ;that is the relation
of reparian zone with elevation is correlated wath the total warershed area.

Direct applications of our results on stream structure in nutural resource management are muln-fold.
Parameters estimated from this study.such as stream length, basin relief, and relief ratio,are commonly .
used to study basic geomorphic processes-**), For example .mean annual runoff was suggested to be a lin-
ear function of stream density;sediment discharges can he calculated by basin size and relief ratiol7;and
the number of species .amount of suitable wildlife habitat,or catchment of materials by riparian vegetation
from terrestrial lands into the stream may be estimated based on the amount of riparian zones 1in the land-
scape[”‘ssr.

In ecology,extensive efforts have been made to study the distribution of coarse woody debris™ ',

(L4

aquatic species.productivity/respiration rate*'® ,and nutrients along a continucus river network by se-

lecing and sampling a number of streams in the landscape. Results from these empirical studies can be


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

14 PR % S KR 1 L BB K X ] R A B 4 AT 39

readily extrapolated to watershed scales using the stream geometry findings of this study. For example.
overlaying stream and riparian networks on top of a vegetation coverage will provide us with first hand in-
formation on the contributions (e, g. ;organic matter and quality) of each vegetation 1ype to the watershed.
Such information is critical in forest practice when alternative management scenarios are developed and ap-
plied at landscape levels. At regional scales,estimation of stream flows.sediment sccumulavon.and dis-
charge regimes are also possible using the empirical results (Fig. 2~ 4 and models (Table 4)developed
here. Additional information on watershed size and distbutions in a region can also be obtained through
the results of this study'''L

As denoted by high species diversity, riparian zones serve as important pools and corridors for the
plant and wildlife species within landscapes. Gregory es af. "'"reported that total number of plant species
peaks n ripatian zones ond decreases as one mowves away from the stream. Nilsson found 13% of Sweden’s
vascular plants are distributed along the streams and rivers. Naiman et al. Palso reported that 68% of
plant species sampled along gradients from small streams to the uplands in western Washington were locat-
ed within 10m of the stream. This suggests a majority of species can be properly maintained by managing a
small proportion of the landscape(i. e. sthe riparian zones).

A freguently debated issue in forest landscapes concerns manipulattons of riparan vegetationt®*.
These areas contain high timber production but play crucial roles in maintaining water guality control and
providing diverse habitats {or wildlife.and so forth:”‘_'éj. A general argument is that preservation of ripanan
forests can only be made at the cost of timber production. While such an argument 1s valid .economic gains
must be belanced with ecological losses, More effart has to be made 1o quantify the amount of riparian
zones in a landscape. For example . many management plans'®recommend very narrow riparian buffers(<C
60m }or reservation.indicating a minor proportion of the land areas will be omitted when calculating tim-
ber production. A management plan setting aside 21% of forests for reserve allows us to leave 60m huffers
for all streams in the Current or the Little watersheds in the eastern United States.and more than 100m
buffers in the Queets.McKenzie ,and Stillwater watersheds (Fig. 3).

Acknowledgments

We thank Eric Heitzman ,Christopher Pappas .Glade Soward , Kim Brosofske .Conghe Song.Ming Xu.
and Margaret Gale for their constructive comments on earlter drafts of the manuscript and help with data
analysts. This study was partially supported by USDA Forest Service Grant Contract No. PNW93-0314,
Missouri Department of Conservation {MD{C).and the Melntire-Stennis Funds at Michigan Technological

University.

LITERATURE CITED

1 Likens G E,Bormann F H.Johnson N M. ¢ al. Effects of forest cutting and herbicide treatment on nutrient budget in
the Hubbard Brock Watershed ecosystem. Ecological Monographs. 1970,40:23 ~47

(£

Naiman R J. ted ). Watershed management :balancing sustarnability and environmental change. Springer-Varlag, NY .

USA. 1952, 542

3  Running 5 W and Coughlan ] C. A general mode] of forest ecasystem processes for regional applications I. Hydrologi-
¢al balance.canopy gas exchange and primary production processes. Ecological Modelling . 1988.42:125~~154

i Band L E.Peterson D L ,Runnning S W. & af. Forest crosystem processes at the watershed scale ; basis for distribured
simulation. Ecological Modelling«15%91.86:,171~196

5  Johnson B L,Richardson W B and Naimo T J. Past.present.and future concepts in large river ecology. BioScence

1495,4513):134~141

& Forest Ecosystern Management Assessment Teamt FEMAT). Farest ecosystemt management : ant ecological econonc -


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

40 £ % % #H 194¢

10

11
12

13

14

15

16

17

15

19

20

21

23
24
25

2B

30

31

and soctal assessmeni. Portland . OR, USA, 1993

Geant G McCain C and Cissel ]. Summary of the watershed landscape analysis workshop:H. J. Andrews Experimen-
el Forest. , USDA General Technical Repors /PNWGTR-338. 1994, 67

Berg D R. Riparian stlvicultural system design and assessment m the Pacific Notchwest Cascade Mountains .[USA. &-
cological Applications,1995.5(1),;87~96

Stanford | A and Covich A P. Commuiuty structure atid function in temperate and tropical streams. Journal of the
North American Benthological Soctely.1988.7(40),261~529

Forman R T T. Land Mosaics:the ecology uf landscapes and regrons. Cambridge University Press , Mew York . USA,
1995, 632

Risser P G. The status of the science examimng ecotones, BigScience .1995.45(5Y.318~325

Vannote R L.Minshall G W.Cummins K W. er af. The river continuum concept. Canadian Journal of Fisheries and
Aquatic Sciences, 1980.37,130~137

Muinshall G W ,Cummins £ W.Petersen R C.ez af. Developments 1 stream ecosystem theory, Canadian Journal of
Fisheries and Aquatic Science 1963 .42:1045~1055

Maiman B 1. Mellilo | M ,Lock M A.ef af. Longitudinal patterns of ecosystem processes and community structure in
a subarctic river continuum. Ecology. 1967 .68¢(5):1138~1136

Millson C.Grelsson G+ Johansson M.et al. Patterns of species richness along riverhanks. Ecologv,1969,70:77 ~84
Cummins K W, Structure and function of stream ecosystems, BroSeience,.1974.24:631 —641

Gregory B V.Swanscn F ].McKee W A et of. An ecosystem perspective of riparian zones. BioSaence. 1991 . 41¢8) .,
540~ 531

Chen ]. Riparian vegetation and their roles in stream ecosystems. Chanese Journal of Appited Fcology.1996.7(4Y:439
~ 448

Brosofske K D.Chen ] Naiman R ]. ez a2, EHects of harvesting on microclimatic gradients from streams to uplands in
westeen Washington.USA | Ecological Applications. 1997 ,7(41,; 1188~ 1200

Amour C, Characterization of RMZ's and UMA's with respect to weldlife habitar (1988 Sfield report. Washington De-
partment of Wildlife .Olympia. WA. 198¢

Bierlmaier F A and MrKee A. Climati summaries and documentation for the primary meteorological station,B. J.
Andrews Ecperimental Forest1972— 1984, USDA-FS General Techrical Report  PNW-GTR-242,1989

Franklin J F and Dyrness C T. Narural vegeratian of Oregon and Washington. ['SDAFS Technical Repors, PNW-
118. 1973

Rafterty M D. The zarks-land and life. University of Oklahoma Press, Norman, 0K, 1980

Sauer C (. The geography of the Ozark highland of Missouri, University of Chicago Press,Chiwcago,IL. 1920. 237
Modvin S C,Rigell I 8§ and Twigg S M. Aa mdesed reference database of the Great Smoky Mountains , North Carolina
and Tennessee. National Park Service-Svwth Region. Techmieal Report NPS/SERGRSM/NRTR-93/08, NP5-D-
413. 1993

White P S, Natural disturbance and gap phase dynamuces 1n southern Appalachian sprucefit forests. Canadian Journal
of Feorest Research.1985,15:233~240

Bushing R T and Wu X, Size-specific mortality .growth.and strucrure of a grest Smoky Mountains red-spruce popula-
tion. Canadian Journal of Foerest Research,1989.20.206 ~ 210

Strahler A N. Dynamics basis uf geomorphology. Geelogical Society @f America Bulletin 1952 ,63,923~928

Bren L . Aspect of the geometry of ripanan buffer strips and its significance to forestry operations. Forest Ecologv
and Munagement ,1995,75::1~-10

Montgomery D R.and Foufoula-Georgiou E, Channel network source cepresentation using digital elevation models.
Wazer Resources Research,1993,290121,3925--3934

Ichoku C and Chorowtcz J. A numenical approach to the analysis and classification of channel network patterns. Wader

Resources Research,1994,30¢(2),161~174


http://www.cqvip.com

£ OO0 http://www.cqvip.com|

14 BT AL 3 R -1 L B Sk X TR 4 B A A 41

32

33

34

35

36

37

38

39

40

41

42

Zhang W and Montgomery D} K. Digital elevation model grid size,landscape representation,and hydrological simula-
tions. Water Resources Research,1994,3004),1019~1028

Naiman R J,Fetherston K [. McKay S, al. Riverine Forests, In Maiman,R. ], and R, E, Bilby (eds. J , Ecology and
Management af Streams and Rivers in the Pacific Northwest Coastal Eceregion. Springer-Verlag. 1598

Stolum H H. River meandering as a self-organization process. Science.1996,271022),1710~1713

Ritter DF.Kochel R C aod Miller | R. Process geomorphology. Wm, C. Brown Publishers , Dubuque, LA, 1995

Toy T ] and Hadley R F. Geomorphology and reclamation of disiurbed lands, Academic Press ,New York , USA, 1587,
4B0

Hadley R F and Schumm S A. Sediment sources and drainage basin characterisitics in upper Cheyenne River basin (/.
5. Geological Survey Water-Supply Paper,1961,1531—B

Swanson F ] Fredricksen R L. , McCoison F M. Material transfer in western Oregon forested watershed. In, Ed-
monds , R, L. {ed. ) .analysts of coniferous forest ecosystems in the western United States. US/1BP Synthesis Series 14,
Hutchinso Ress Publishing Company, Stroudsburg , PA ,USA. 1532

Swanson F ] Meilson R P, and Grant G E. Some emerging 1ssues in watershed management, landscape patterns,
species ¢onservation,and climate change. 307 ~ 323,IN. MNaiman,R. ]. (ed. }, Watershed management balancing sus-
tainability and environmental change. Springer-Verlag .New York,UUSA, 1992

Fetherston K L, Maiman R J.Bilby R E. Large woody debris, physical process, and riparian forest development in
montane river networks of the Pacific Morthwest. Geomorphology »1955,13 133~ 144

Naiman R ] and Anderson E C. Ecological implications of latitudinal variation in watershed size,stream flow,and wa-
ter temperature in the coastal temperate rain forest of North America. In, Schoomaker ,P. ,and B. Von Hagentleds. ),
the rain forests of home an exploration of people and place. Island Press, Washington, D, C. ,1USA. 1996

Maiman R ], Fetherston K L,Mckay 5 and Chen J. Riverine forests. In Naiman R J and Bilby R E.eds. Ecology and
Management of Streams and Rivers in the Pacific Northwest Coastal Ecoregion. Springer-Verlag, 1998



http://www.cqvip.com

