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ABSTRACT

Stream order has been suggested as a method of classifying stream
communities because stream order generally correlates with factors which
affect aquatic organisms. Stream order was determined in Study Area
streams so that data collected during the aquatic biology study could
be correlated with stream order. Stream miles, number of streams,
and average length for each stream order was calculated. Stream 0rder
was found to be inversely related to number of stream miles and number
of streams and directly related to average length of streams. This is
in agreement with data reported in the literature. Stream order was
also inversely related to stream gradient in those watersheds where
gradient was calculated. Inorganic nutrients generally decreased with
increasing stream order while pH decreased.



STREAM CLASSIFICATION

The succession of stream communities along the length of a stream
has been discussed by several authors (Hynes 1970; Hawkes 1975). Many
stream ecologists attempt to break down this successional gradient into
zones; this facilitates the ecological comparisons of independant stream
systems. Many systems have been developed to characterize these zones,
but no single method has gained wide acceptance.

Each of the following have served as a basis for stream classifi
cation: stream origin (Butcher 1933; Craig and McCart 1975), the
erosional status (Carpenter 1928; Moon 1939; Harrison 1965), stream
gradient (Huet 1946,1959; Trautman 1942), chemical conditions (Dittmar
1955; Harrison and Agnew 1962) and flora and fauna (Tansley 1939; Lagler
1949; Knight and-Gaufin 1967). State game and fish departments have
developed stream classification systems specifically for use in stream
management plans. The"Mlnnesota Department of Natural Resources
(Sternberg 1977) developed such a system based on types of fish popula
tions in Minnesota streams.

More comprehensive classification schemes have been proposed based
on numerous facors important to stream organisms (Ricker 1934; VanDeusen
1953: Pennak 1971). Factors used in these schemes include stream width
and depth, stream flow, temperature, turbidity, hardness of water,
amounts of dissaved oxygen, riparian vegetation and soils, as well as
other physical-chemical and biological characteristics. A classification
scheme developed in Wisconsin (University of Wisconsin 1976) attempted
to synthesize many of these factors into a single value. This index
holds promise except some necessary data may be unavailable to the
biologist.

Abel (1961) proposed a method of classifying streams, for biological
purposes, on the basis of watershed drainage patterns. The method is
based on the stream order system developed by Horton (1945) and modified
by Strahler (1957). In most cases, stream order is directly related to
the number and average length of streams, drainage basin size, and
stream gradient (Horton 1945). In addition, Strahler (1957) demonstated
that stream order is dirctly proportional to channel size and discharge.

CLASSIFICATION BY STREAM ORDER

Several authors have related biological conditions to stream order.
Kuehne (1962) reported an increase in the average number of fish species
as stream order increased. Kuehne (1962) found similar results when he
reevaluated data reported by Shelford (1911). Increased number of fish
species with increasing order was also reported by Whiteside and McNatt
(1972). Harrel et. al. (1967) calculated correlation coefficients of
0.96 between stream order and fish species diversity. Furthermore, the
number of species and species diversity increased between the third and
fifth order streams sampled by Harrel and Dorris (1968). However, Harrel
and Dorris (1968) found these paramenters decrease in sixth order streams.
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All authors suggested that the increase in diversity resulted from
increased habitat diversity and decreases in environmental fluctuations
as stream order increased.

Cummins (1975,1976) discussed the energy budget in aquatic ecosystems
and related them to stream order. He states that although species may
differ amoung streams of similar orders, their ecological function is
similar. Cummins describes first to third order streams as being
dependent upon the terrestrial ecosystem for energy input. These
streams are generally small and well shaded by riparian vegetation.
Primary production is low because this shading and by limited availa
bility of nutrients in the water. Organisms in first through third
order streams process the abundant allochtonous (organic) inputs from the
terrestrial environment. (See Regional Copper-Nickel Study 1978
for further details on organic processing.) Moreover, respiration
exceeds photosynthesis in these low order streams.

In fourth through sixth order streams, stream size increases and
.the effects of shading decreases. Primary production increases in
importance in these streams and photosynthesis normally exceeds
respiration. Organisms, particularly invertebrates, normally occuring
in these streams utilize the primary producer organisms and the fine
particulate organic moatter which flows into these streams form upstream
reaches.

Further changes occur in streams higher than sixth order. The
composition of producer organisms shifts from periphytic algae to
phytoplankton. Invertebrates found here include primarily filter
feeders. Respiration again exceeds photosynthesis in these large
rivers.

Classifying streams by order has several drawbacks. First,
streams with similar drainage areas may be of different order (Hynes 1970).
Second, an adventitious stream (those which enter a stream of higher
order) may resemble the stream it enters more closely than it resembles
streams of the same order (Harrel and Dorris 1968; Whiteside and
McNatt 1972). Finally, aquatic ecosystems change along a steady gradient,
and it is not possible to define exact zones (Hynes 1970). This third
factor is a problem inherant in any attempt to classify aquatic ecosystems.

Stream order does, however, provide the biologist a simple first look
at a stream and also provides a basis for for generalizations about
streams without on site inspecitons. The stream order method also has
merit because it synthesized many factors biologist previously used
separately for stream classification.

Because of its simplicity and apparent relation to community function
stream order was used to classify streams within the Regional Copper
Nickel Study Area. This report defines the methods employed in determining
stream order in the Study Area and presents a tabulation of Study Area
streams and their order. In addition, the relation of stream order to
physico-chemical conditions is discussed.
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METHODS

STUDY AREA

The study area eneampasses 2130 square miles in Lake and St. Louis

counties in northeastern Minnesota. The area is divided into two major

watersheds by the Laurentian Divide. Water north of the Laurentian

Divide flows north to Hudsons Bay and water south flows to Lake Superior.

Streams in the study area are generally low gradient, soft-water

systems consisting of long stretches of slow water connected by short

riffles.

DETERMINATION OF STREAM ORDERS

To determine stream order, the system developed by Horton (1945) and

modified by Strahler (1957) was applied. In this method, headwater

streams are designated as first-order streams. Two first-order streams

meet to form a second-order stream segment; two second-order streams

meet to form a third-order and so on. It takes at least two streams

of any given order to form a st~eam of the next highest order. However,

more than two streams of a given order may be involved in forming the

next higher order (Morisawa 1968).
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For calculating stream order, lakes were viewed as a point on the

stream. All streams entering a lake, regardless of lake shape, were

viewed as converging on one point. This eliminated the possible

confusion arising from numerous tributaries entering a large lake.

Leopold, et. al. (1964) recommended the use of 1 to 24,000 scale

maps for determining stream order. USGS 7~ minute quadrangle maps

were used for delineating st~eams whereever possible. USGS 15 minute
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maps were substituted when 7~ minute maps were unavailable. Hynes (1970)

suggested that only perennial streams or those that persist long enough

for a biological community to develop be considered in determining

stream order. In addition, Abell (1961) recommends that streams which

are discontinuous not be considered for stream order determination.

Accordingly, only continuous perennial streams were used for order

determination. Upstream portions of discontinuous channels are

excluded in determining stream order.

Following determination of stream order, each ordered segment

length was measured by placing a string over the mapped stream channel.

The string was then compared to the graphic scale of miles to compute

stream miles. When computing lengths, lakes were treated as a wide

spot in the river. Channel location in lakes was estimated and measured

along a suitable line. Exceptions were made when d~ernable stream

channels were revealed by isobaths. The required accuracy was set at

a maximum of 10% error. Measuring done on 7~ minute topos are estimated

at 2 to 3 percent maximum error; measuring done on 15 minute topos are

estimated at 5 to 8 percent maximum error. Furthermore, the longer the

stream segment, the less the error because the exact endpoints are

difficult to mark on the measuring string. Stream segments of less

than 3/10 mile of 15 minute maps and 1/10 on 7~ minute maps have

a greater potential for error. Total miles of stream for each order

and each watershed were computed.

Stream segment gradients were calculated for much of the area.

Stream segment endpoint locations were assessed in relation to adjacent

contour lines. In interpolating the elevation of segment endpoints,

straight linear gradients between contour intervals were assumed.

Therefore a stream endpoint occuring halfway between the contour lines

of elevation 1350 and 1360 was judged as 1355. There is a potential

for sizable error in the estimation of elevation. First, USGS claims

an accuracy of plus or minus one-half of a contour interval for

contour lines. Second, the application of a straight linear gradient

is not necessarily reflective of reality. Elevation differentials

encompassing more than three or four contour intervals are needed~to

assure exceptable accuracy. Many of the stream segments did not have

sufficient elevation drop to ensure this level of accuracy.
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The following section contains data sheets on the watersheds.

There are individual maps of each Cu-Ni watershed with streams drawn

as ordered segments. On the map are the lenghts, in miles, of the

segments. After each map is a table of measured data for each ordered

segment. In each table the stream segments are listed by order and in

relationship to their location in the watershed. The streams are

listed numerically, by order, counting counterclockwise around the

basin starting at the mouth of the basin.

In a few cases some stream segments are listed as "connectors".

These streams occure only on lakes and are specially classified because

of stream ordering guidelines set forth in the methods.
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"

DRAINAGE AREAS OF COPPER-NICKEL STUDY WATERSHEDS

SOURCE: U.S.G.S.

North of Laurentian Divide (Rainy River Drainage)

Code Subwatershed Name Drainage Area of Feeder Subwatersheds . Total Drainage through
Subwatershed km2 (using code) Subwatershed km2

A Little Isabella 132 none 132

B Isabella (il) 751 A 883

C Filson (f1) 27 none 27

D Keeley Creek (ke1) 29 none 29

E Stony (sr 5) 125 none 125

F Stony (sr 4) 161 none 161

G Stony (sr 3) 180 F+E 466

H Stony (sr 2) 101 G+F+E 567

I Stony (sr 1) 65 H+G+F+E 632

J Unnamed Creek (bbl) 11 none 11

K Dunka (d2) 44 none 44

L Dunka (d1) 84 K 128

M Bear Island (bi1) 177 none 177

N Shagawa (shl) 256 none 256

0 Kawishiwi (k6) 655 none 655

P Kawishiwi (k7) 236a
~O+A+B+C 1474a

Q Kawishiwi (k5) 262a
P+~O+A+B+C 2536a

+D+E+F+G+H
+I+J+K+L

R Kawishiwi (k4) 66a
Q+P-P-1O+A+B 2779a

+C+D+E+F+G
+I+J+K+L+MHI

S Kawishiwi (k3) 64 R+Q+P+O+A+ 3170
B+C+D+E+F+
G+H+I+J+K+
L+M



Code Subwatershed Name

North of Laurentian

Drainage Area of
Subwatershed km2

Divide ..ainy River Drainage)

Feeder Subwateraheds . Total Drainage through
(using code) Subwatershed km2

T Kawishiwi (kl) 63 S+R~Q+P+O

+A+B+C+D
+E+F+G+H
+I+J+K+L
+M+N

3489

a) Drainage areas estimated because of North/South Kawishiwi River split.

South of Laurentian Divide (Rainy River Drainage)

Code Subwatershed Name Drainage Area of Feeder Subwatersheds . Total Drainage through
Subwatershed km2 (using code) Subwatershed km2

U Embarrass (e2) 46 none 46

V Embarrass (el) 183 U 229

W Partridge (p5) 32 none 32

X Partridge (p4) 48 none 48
y Partridge (p3) 47 none 47
Z Partridge (p2) 137b Y+X+W 264b

1 Partridge· (pI) 71 Z+Y+X+W 335b

2 St. Louis (s13) 157 none 157
3 St. Louis (s12) 86 2 243

4 St. LO':1is· (sl1) 107 3+2+1+8 754b

+Z+Y+X+W

5 Whiteface (wf1) ·24 none 24

6 Whiteface (wf2) 124 none 124
7 Waterhen (wI) 118 none 118
8 Second Creek 69 none 69

b) Includes 13km2 in watershed P-2 defined by U.S.G.S. as noncontributing.


