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Analysis of the Distribution and Stability 
of Existing Marsh Vegetation 

Bordering Upper Klamath and Agency Lakes 

Introduction 
This study consisted of mapping marshland around the shorelines of Upper Klamath and 
Agency lakes and an assessment of potential effects of changing lake level on these 
marshes. It was carried out in support of a larger study conducted by R2 Resource 
Consultants under subcontract to EA Engineering, Science, and Technology to evaluate 
fish habitat around the two lakes with respect to how different lake levels affect the 
quality and quantity of habitat. Previous work has shown that emergent wetlands along 
the lake shorelines are important habitat for larval and juvenile suckers (including the 
Klamath largescale sucker (Catostomus snyderi), the Lost River sucker (Deltistes 
luxatus), and the shortnose sucker (Chasmistes brevirostris), providing protection from 
wave action and predators (Coleman et. al, 1989; Klamath Tribes, 1991; 1995). 

The first portion of the study consisted of mapping the extent of existing marshland 
around the perimeter of the two lakes. The results of the vegeation mapping were then 
used as a baseline in determining how the distribution of marshland has changed in the 
two lakes and how it might change under different management regimes of lake level. A 
review of literature and a related study on water requirements of marsh species from 
Klamath Marsh was used to evaluate potential changes in marsh structure and extent as a 
result of potential changes in lake water level. 

The term "marsh" is used to denote the vegetation mapped in this study, with the 
acknowledgement that the definition of marsh vegetation varies according to region and 
purpose. For this study, marsh included areas dominated by emergent and rooted aquatic 
plants with a period of inundation ranging from 9 to 12 months of the year (in most 
years). The identification of these areas was based on vegetation-hydroperiod 
relationships determined at Klamath Marsh, located approximately 20 miles northeast of 
the Upper Klamath and Agency lakes area (EA, 1994). This would include the wetter end 
of emergent vegetation as defined by the U.S. Fish and Wildlife Service (USFWS) 
classification system (Cowardin et al., 1979), but would not include areas commonly 
referred to as "wet meadow". It would also include some areas defined by the the 
USFWS as aquatic bed vegetation, which in this study were dominated by yellow pond
lily, or wocus (Nuphar polysepalum). The reasons for including both emergent and 
aquatic bed classes together is explained below in the section on methodology. 
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Methodology 

Vegetation Mapping 
Mapping of marsh vegetation was conducted primarily using black and white aerial 
photographs taken in June, July, and August, 1985 at a scale of 1 :30,000 (WAC 
Corporation, Eugene, OR). The aerial photographs were interpreted using a Sokkia 
MS 16 mirror stereoscope (magnification 1.5x) and a lOx magnification loupe lens. 

Vegetation was classified into five different classes based on vegetation structure and 
degree of interspersion. The five classes included: 

• shrub vegetation (areas dominated primarily by willow [Salix spp.]); 

• emergent vegetation, low interspersion: areas where there was emergent vegetation 
but few to no patches of open water; 

• emergent vegetation, moderate interspersion: areas with emergent vegetation and a 
few scattered patches of open water « 1:4 ratio of open water to vegetation) 

• emergent vegetation, high interspersion: areas with emergent vegetation and 
abundant patches of open water (> 1:4 ratio of open water to vegetation); and 

• open water: the open lake areas and continuous channels within the delineated 
marshland. 

No attempt was made to determine species of emergent vegetation, which based on casual 
observations by the author in 1990 included a mosaic of hard stem bulrush (Scirpus 
acutus), burreed (Sparganium sp.), cattail (Typha latifolia), sedges (Carex spp.), and 
spikerush (Eleocharis palustris). Also present were extensive stands of yellow pond-lily, 
known by the Klamath Tribes as wocus (Nuphar polysepalum), which are more 
accurately classified as aquatic bed vegetation (following the USFWS classification 
system (Cowardin et al., 1979). The pond-lily areas were not readily distinguishable from 
the emergent vegetation in the black and white aerial photography and were included 
within the emergent classes. 

A few oblique color aerial photographs taken by the author from a helicopter using a 35 
mm camera in September 1990 were used to better interpret the black and white aerial 
photographs. No color infrared or natural color aerial photographs were used in the 
study. 

Vegetation polygons were mapped by examining the aerial photographs under 
magnification, determining the vegetation class of a given area, then determining the 
boundaries of the polygon in relation to neighboring map units. The boundary was then 
drawn on a mylar overlay of a 1 :24,000 scale (7.5 minute) USGS quadrangle maps. The 
USGS maps were 1985 edition based on 1980 aerial photography, and included the 
following Oregon quadrangles: 
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• Crystal Spring 
• Agency Lake 
• Pelican Bay 
• Shoal water Bay 
• Modoc Point 
• Howard Bay 
• Wocus 
• Klamath Falls. 

These maps showed the location of the marsh-lake border and many of the internal 
marsh-open water boundaries, which generally corresponded well with the 1985 aerial 
photographs. Using these features, the boundaries of the marsh types could usually be 

. transposed with good accuracy from the aerial photographs onto the USGS quadangles. 
Where map features within the marsh areas were not present, location of points along the 
polygon boundaries were located on the USGS quandrangles by calculating the 
approximate distances from two mapped features on the aerial photograph. The lake 
shoreline was mapped as the lakeward edge of the marshland; or where no marsh areas 
occurred, the lake shoreline delineated on the USGS quadrangle was used. 

The minimum polygon size for a map unit depended on whether or not the location was 
along the lake shoreline or was part of a more extensive marsh area extending shoreward 
from the lake. Islands of emergent vegetation and patches of willow near the shoreline 
were often relatively small (i.e., one to a few acres), but were distinctively different from 
the extensive emergent marshland anddelineated on the maps. In contrast, the 
interspersion class of emergent marsh areas were averaged over larger areas (i.e., greater 
than 25 acres) and consequently were not mapped at such a fine scale . 

The maps were digitized into an ArclINFO database by Joetta Zablotney of EA 
Engineering, Science, and Technology. Checkplots were examined and edited maps were 
subsequently produced. No field verification has been conducted to date. 

Assessment of Vegetation Stability 

The stability of marsh vegetation along the margins of Upper Klamath and Agency lakes 
was assessed using two approaches. The first was an historical evaluation of the 
distribution of marshland using aerial photography dating back to 1952 and maps dating 
back to 1894. The second approach was based on previous studies examining vegetation
hydroperiod relationships of some of the dominant plant species occurring in these 
marshes. 
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Results and Discussion 

Existing Marsh Vegetation along Margins of Upper Klamath and Agency 
Lakes 
Most of the marshland along the margins of Upper Klamath Lakes is located in the north 
end of the lake, particulary from Coon Point south of Pelican Bay to the outlet of Agency 
Lake (See map of Upper Klamath and Agency Lake vegetation produced by EA 
Engineering, Science, and Technology). These marshlands extend up the western shore 
of Agency Lake and shoreward for several miles in some places, forming an extensive 
network of marsh and water channels within the Upper Klamath National Wildlife 
Refuge. These marshlands were once more extensive but have been reduced in area by 
diking and draining. Other relatively large areas of remaining marshland are Wood River 
Marsh at the north end of Agency Lake, Hanks Marsh along the southeastern shore of 
Upper Klamath Lake, and Squaw Point Marsh on the north shore of Howard Bay. 
Smaller patchs of marsh are scattered elsewhere along the lake shoreline. Among these 
are islands of emergent vegetation that parallel the shore between the mouth of the 
Williamson River north along the shore of Upper Klamath Lake into Agency Lake. 

The vegetation in the larger marshes occurs in a complex pattern of interspersion classes. 
Nearly half of the marsh vegetation mapped around the lakes was in the emergent -low 
intersperion class (Table 1). Most of the remaining vegetation was mapped in the 
emergent - moderate and high vegetation classes and was fairly equally divided between 
the two. A minor amount of vegetation was mapped as willow shrub, 

T bl 1 A a e rea WI meac h vegetation c ass ma~e d' U m )~ KI th dA ama an ,gency lak es, 

Vegetation Class Area (acres) Percent of Total Area 
Emergent - low interspersion 7,763 47 
Emergent - moderate interspersion 4,652 28 
Emergent - high interspersion 3,856 23 
Willow Shrub 252 2 
Total 16,523 

Several channels were evident that connected the interior portions of the larger marshland 
to the open water of the lakes. Major channels included Recreation and Crystal Creek 
near Pelican Bay, Thomason Creek between Pelican Bay and Agency Lake, Odessa and 
Short Creek south of Pelican Bay, and the Wood River flowing through Wood River 
Marsh. These channels provide considerable edge between marsh and aquatic habitat in 
addition to that along the lakeshore itself. 

In Upper Klamath and Agency lakes, the three intersperion classes are likely to roughly 
reflect different hydroperiods. (Hydroperiod is defined as the depth, duration, and 
frequency of inundation.) Marsh areas with high interspersion are places where plant 
species are most likely growing at the margins of their tolerance for inundation. In 
contrast, areas of low interspersion have a continuous cover of vegetation with very little 
open water, indicating that there is relatively little area that is beyond the depth tolerance 
of emergent plant species growing in the area, Emergent vegetation with a moderate 
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amount of open water patches within emergent vegetation tend are probably intermediate 
in average depth and duration of inundation. 

Although there are alternative explanations for variation in interspersion, an examination 
of historical evidence, lake levels, and species dominance patterns support this 
explanation for varying interspersion in Upper Klamath and Agency lakes. There is 
further discussion of this issue in the section below on vegetation stability. 

This study did not address the distribution of species within the marsh vegetation around 
Upper Klamath and Agency Lakes, but previous reconnaissance identified a mosaic of 
several community types that tended to be dominated by one species. Common dominant 
species included hardstem bulrush, burreed , cattail, sedges, spikerush, and yellow pond
lily (wocus). All of these species except yellow-pond-lily tend to grow with a high 
density of stems and occur where surface water recedes to near the surface or below the 
surface by late summer(EA, 1994}. In contrast, yellow pond-lily is a semi-aquatic species 
with floating leaves where water is typically around 2 feet deep even in late summer. 
Patches of yellow pond-lily are scattered throughout the marshland especially in areas 
closer to the lake shoreline. These areas represent semi-aquatic habitat that is in many 
cases connected to channels and open water bodies and contribute to a complex of 
emergent, semi-aquatic, and aquatic habitat composing the extensive marshland around 
these lakes. 

Past Stability of Marsh Vegetation 
The mapping of vegetation described above was primarily based on aerial photographs 
taken in 1985. As such, this represents a snapshot in time of marshland that is possibly 
quite dynamic. An examination of older aerial photographs and maps is valuable for 
addressing the question of how stable marsh vegetation in these lakes has been within the 
past 50 to 100 years. This historical analysis and information available on hydroperiod of 
some of the dominant plant species present can then be used to address future stability of 
marsh vegetation. 

Changes in Marshes Since 1885 
The earliest maps found that show the extent of marshland around Upper Klamath and 
Agency lakes with reasonable accuracy are 1 :250,000 scale topographic maps produced 
by the U.S. Geological Survey (USGS) in 1894, which were based on surveys conducted 
in 1885 to 1887 (Ashland and Klamath quadrangles). These maps show the presence of 
marshland using the standard topographic map symbol. 

Along the lake shorelines, marshland is shown on the 1894 maps in all locations where 
marshland is presently located, except for the Hanks Marsh area. In addition there are 
many areas mapped as marshland that have since been converted (Le. "reclaimed") to 
agricultural land. The lake-marsh boundary appears remarkably similar between that 
shown in the 1894 maps and the present boundary. Major areas of conversion include: 

• marshland west and north of Agency Lake 
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• Williamson River delta, 

• Caledonia and Wocus marshes south of Howard Bay, 

• marshes around Ball Bay, and ~ 
• marshland along the southeastern shoreline north and south o&s Marsh. 

Although no quantification of the amoUnt of converted marshland was made for this 
study, it is apparent that well over half of the marshland in these lake systems has been 
lost. An examination of 1957 USGS maps (1 :62,500 scale) that were based on 1955 
aerial photography indicates that most of this conversion had been completed by 1955. 
Prior to 1955 only a portion of the conversion of marshland west and north of Agency 
Lake had taken place, and since that year considerably more land was converted 
from marsh to agricultural land in this area. 

Changes in Marshes Since 1952 

To assess more recent changes in vegetation, the four vegetation classes mapped from 
1985 aerial photographs were mapped using the same methodology from 1952 aerial 
photographs (1 :20,000 scale, black and white). (The results of this delineation, however, 
have not been digitized into an ArclINFO database.) This comparison indicated some 
changes in marsh conditions around the two lakes over this recent 33 year period. These 
changes included direct conversion of marshland to agricultural land by diking and 
draining in the Wood River area, which was discussed above, and qualitative changes in 
remaining marshland. 

Qualitative changes in marshland from 1952 to 1985 that were evident in the black and 
white aerial photographs were differences in the degree of vegetation - open water 
interspersion. In the marshland extending from west of Pelican Bay to Agency Lake there 
has been a progressive change from higher to lower interspersion. In other words, the 
marsh is more densely vegetated, and the amount of aquatic habitat is much reduced. A 
brief inspection of aerial photographs from 1960 and 1968 indicate that this change began 
sometime between 1960 and 1968, which is also when a major increase in the conversion 
of marshland to agricultural land took place immediately north of this area. In Wood 
River Marsh, at the mouth of the Wood River, this change in interspersion is not 
apparent. In contrast, it appears that in Hanks Marsh vegetation - open water 
interspersion has increased. 

Difference in lake level at the time of the aerial photography between September 1952 
and June-July 1985 do not explain the decrease in interspersion in the Pelican Bay -
Agency Lake area. September 1952 lake level was 4140.59 feet mean sea level (msl) 
elevation, while June-July 1985 lake levels were 4142.43 to 4141.23 feet msl elevation. 
Higher lake levels in June-July 1985 would, if anything, make open water areas more 
apparent in aerial photographs taken at those times. The higher water levels in the 1985 
aerial photographs could have, however, contributed to the greater interspersion apparent 
in Hanks Marsh. 
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The islands of marsh vegetation along the shoreline north of the Williamson River into 
Agency Lake are present in the 1952 photograph, and may be related to the dike 
construction around this area that resulted in the conversion of the marshy delta to 
agricultural land. There appears to be some decrease in the number and width of these 
islands from the time of the 1952 to the time of the 1985 photographs. 

Lake Level Records 
An analysis of lake levels over the period of record from 1906 to 1988 is useful for 
identifying changes in marsh hydroperiod around Upper Klamath and Agency lakes 
(Figure 2). This record shows an annual amplitude of 2 to 2.5 feet from 1906 to about 
1920. Starting in the mid 1920s, the annual amplitude is 3 to 4 feet. There was a sharp 
decline in average, maximum, and minimum water levels in the late 1920s. Another 
period of low minimum water levels occurred in the late 1930s until the mid 1940s. 
Water levels were generally high between 1950 and 1957, and were variably high and low 
from 1958 to 1986. Minimum water levels, however declined to record lows in 1980. 
Average annual mean, maximum, and minimum water level over the period of record are 
4,140.98,4142.62, and 4,139.16 feet msl elevation, respectively. 

Interpreting Historical Stability of Marsh Vegetation 
The close similarity between the marsh-lake boundary in 1894 and that of 1985 (in areas 
where conversion of marsh to agricultural land has not occurred) indicates that the 
marshes remaining along the lake margin are not retreating from or advancing into the 
lake, but are stable in their overall area. Information on marsh conditions prior to 1952 
was not examined for this study, but qualitative changes in these marshes since 1952 are 
evident. The loss of interspersion in the more extensive marshland from Pelican Bay to 
Agency Lake appears to be a progressive change starting sometime between 1960 and 
1986, but does not appear to be linked to a change in lake water level. If a change in 
water level were responsible for this change, a decline in annual mean or maximum water 
level would be expected, which is not apparent during this period in the record of lake 
water level. Moreover, Hanks Marsh shows an increase in interspersion, which is 
evidence against a change in lake water level since 1952 causing the evident changes in 
interspersion. 

Relatively high interspersion can occur under both stable and unstable water regimes. 
When the hydroperiod is relatively stable from year to year, emergent plant species can 
not persist in deeper areas where inundation is at a depth and duration beyond the 
tolerance of any species (Marble 1992). However, in slightly shallower areas within the 
flood tolerance range of local species, patches of vegetation can persist. This results in 
mosaic of interspersed vegetation and water. Under unstable conditions where water 
levels have recently risen beyond the tolerance of the local emergent species, areas of 
high interspersion can be the result of vegetation dying out and represent an intermediate 
step between the conversion of emergent wetland to open water (Vander Valk and Davis, 
1980). 
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Figure I, Annual mean, maximum, and minimum water level in Upper Klamath Lake, 1906 to 1988. 

Source: Klamath Tribes Natural Resources Department 
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In the marshes around Upper Klamath and Agency lakes, marshes characteristic of 
relatively stable water regimes appear to occur. Unstable water regimes, exemplified by 
prairie potholes that go through cycles of drying and reflooding, typically have repeated 
large scale changes from emergent vegetation to open water and back to emergent 
vegetation. In contrast, the marshes around the two lakes assessed here appear to be 
undergoing progressive changes on a much slower time scale that are likely driven by 
different processes than wet-dry cycles. 

The loss of interspersion in the marshes between Pelican Bay and Agency Lake could be 
related to a change in hydrology or in nutrient cycling brought about by the conversion of 
adjacent marsh to agricultural land, which happened about the same time. Rerouting of 
water through the marsh could have lowered water levels. Although the direct connection 
of the marshes to the overall lake level would argue against this hypothesis, the loss of 
water from the Wood River valley above the marshes may have resulted in somewhat 
lower marsh water levels than in the past. Alternatively, greater nutrient loading into the 
marsh might be leading to increased primary productivity and increased accumulation of 
organic matter, allowing vegetation to expand into areas that previously were too deeply 
inundated. Evaluating these or other potential hypotheses would require much more 
extensive research than that conducted for this study. 

Despite the qualitative changes apparent in these marshes over the last 30 to 40 years, we 
can conclude that the area of marsh vegetation not converted to agricultural land has been 
relatively stable for over a hundred years. While some changes are taking place, these 
marshes have remained intact within the historic variation in lake water level. 

Potential Effects of Changing Lake Level on Stability of Marsh Vegetation 

Literature on Vegetation-Hydroperiod Relationships 

Hydroperiod is one of the most important environmental factors controlling the extent of 
wetland vegetation and the distribution of different species within wetlands (Mitsch and 
Gosselink, 1986). The lack of oxygen in soils brought about by inundation limits the 
growth and survival of plants to those that have physiological and morphological 
adaptations to tolerate anoxic soils. Those that can persist under periodic to permanent 
inundation, often termed hydrophytic species, also differ in the depth of water and the 
duration of flooding that they can tolerate. These differences and the competitive 
interactions among species are what lead to the characteristic zonation of plant 
communities along a water depth gradient in marshes and along lake shorelines. 

Although the fundamental importance of hydrology to marsh vegetation is widely 
recognized, there is relatively little literature available on hydroperiods of individual 
species. Most of the literature reports short-term measurements, and often seasonal 
fluctuations are not even measured. A review of literature that have hydroperiod data on 
species or closely related species to those that occur in the marshed discussed here 
provides some information and is shown in Table 2. 
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Table 2. Summary of published water depth data for major species or genera in marshes around Upper Klamath and 
Agency lakes! 

Species Minimum Depth Maximum Depth Location Source 
(ft (ft) 

Nuphar sp. 1.31 >1.97 Saskatchewan Jeglum 1971 

1.97 4.59 Iowa Niemeier and 
Hubert 1984 

Scirpus acutus -1.28 1.97 Saskatchewan Jeglum 1971 

0 2.62 Manitoba, Shay and Shay 1986 
Alberta 

0.98 5.25 Iowa Niemeier and 
Hubert 1984 

1.97 4.92 Saskatchewan Dabbs 1971 

Typha lati/olia No data 1.64 Iowa Niemeier and 
Hubert 1984 

-1.28 >1.97 Saskatchewan Jeglum 1971 

-0.49 2.62 Michigan Grace and Wetzel 
1981 

No data 2.95 Manitoba, Shay and Shay 1986 
Alberta 

No data 3.12 Arkansas Grace 1989 

Sparganium -1.28 2.95 Quebec Shipley et at. 1991 
eurycarpum 

Carex rostrata -2.62 >1.97 Saskatchewan Jeglum 1971 

I Negative water depth data show distance to water table below the soil surface; posItive data show depth of 
water above the soil surface 

An investigation conducted at Klamath Marsh (15 to 20 miles north of Agency Lake) as 
part of the Upper Klamath Basin water rights studies included an intensive analysis of 
vegetation-hydroperiod relationships for several of the major dominant plant species 
present around Upper Klamath and Agency lakes (EA, 1994) The data in that study, 
together with the availabe data in the literature, provide a basis on which to predict how 
much change in water level might be necessary to result in signficant changes in marsh 
vegetation around the two lakes. 

In the EA investigation, field measurements over a two year period were related to an 18 
year record of marsh water level that yielded a relatively long term characterization of 
hydroperiod for several vegetation types, including a sedge-rush type (Carex rostrala
Juncus ballicus), bulrush type (Scirpus aculus), and a yellow pond-lily type(Nuphar 
polysepalum) (Table 3). These vegetation types, or very similar types, also occur in the 
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marshes around Upper Klamath and Agency lakes. The cattail and burreed vegetation 
types, present around Upper Klamath and Agency lakes but not assessed in the Klamath 
Marsh study, likely fall between the bulrush and the sedge/rush types in overall 
hydroperiod based on the literature data shown in Table 2 and personal observations. 

The differences in average annual mean depth of water for each vegetation type are an 
approximation of the differences in elevation among the three types. The maximum and 
minimum over the period of record represent the extreme range of water levels over 
which they can be expected to persist, while the average annual maximum and minimum 
provide an approximation of what seasonal variation is characteristic of these vegetation 
types at Klamath Marsh. 

One difference between Klamath Marsh and Upper Klamath and Agency lakes that may 
affect the extrapolation of hydroperiod data between the two locales is the difference in 
annual variation in water depth. The average annual variation in water depth at Klamath 
Marsh over the period of record is about 2 feet compared to an average of approximately 
3.5 feet at Upper Klamath Lake over the same period. The data from the literature (Table 
2) indicate that the common species in the lake marshes can tolerate the greater range of 
variation occurring in the lakes, but the difference in annual variation between the two 
marsh systems suggests that some caution should be exercised in applying vegetation
hydroperiods from Klamath Marsh to the lake marshes. 

Table 3. Mean, maximum, and minimum water depths for vegetation types at Klamath Marsh (EA, 1994). 

Dominant Species Average Annual Average Annual Long Term 
Mean Depth (rt) MaxIMin (ft) MaxIMin (ftl 

Nuphar polysepalum 2.52 3.54 5.42 
1.69 0.64 

Scirpus acutus 1.08 2.05 3.63 
0.49 -0.39 

Carex rostrata! 0.65 1.39 3.10 
Juncus balticus -0.30 -1.25 

Potential Changes in Marsh Structure Due to Increases in Lake Water Level 
For purposes of this study, only increases in water level are assessed, since only increases 
in lake level are being suggested to benefit catostomid and salmonid fish species. The 
effect of an increase in water level on vegetation depends on which parameter of water 
depth changes - mean, maximum or minimum. Each of these will be addressed 
separately. 

The reference water levels used in this analysis for evaluating changes in marsh 
vegetation due to increases in lake water level are the average annual mean, maximum, 
and minimum over the 1906 to 1988 period of record. Although it could be argued that 
water levels for a more recent period would be more appropriate, the general stability of 
these marshes over the past 100 years and the desire to maintain marsh vegetation within 
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the range of historic variability suggests that the longer record is reasonable as a reference 
point. 
Based on the data from Klamath Marsh, an increase in average annual mean depth of the 
lake greater than 0.5 feet (4,141.48 feet msl elevation) would likely lead to loss of 
sedge/rush communities and commensurate increase in bulrush (Scirpus), cattail, and 
burreed vegetation. Increase in average annual mean depth of greater than 1.5 feet 
(4,142.48 feet msl elevation) would likely lead to conversion of much emergent marsh 
dominated by bulrush, cattail, and burreed to yellow pond-lily and possibly to open water. 
Such an increase would also result in areas now dominated by yellow pond-lily becoming 
open water. Conversion of marshes to open water as a result of increases in water level 
have been well documented in lakes elsewhere (Farney and Bookhout, 1982; Van der 
Valk and Davis, 1980). It could take as long as ten years for these changes to occur, and 
would require at least 2to 3 years (Harris and Marshall, 1963; Millar, 1973). 

The depth and duration of maximum seasonal water level, rather than overall mean water 
depth, may in some cases be the most important factor controlling how far a species can 
extend into deeper water. Differences among vegetation types in average annual 
maximum water depth (Table 3) at Klamath Marsh were similar to differences in average 
annual mean water depth. Consequently, increases in average annual maximum water 
depth at Upper Klamath and Agency lake marshes in the same range as those just 
discussed for mean depth could be expected to have a similar effect on distribution of 
vegetation types: an increase in average annual maximum water level above 4,143.12 feet 
msl elevation resulting in a conversion of sedge/rush to bulrush, cattail, and burreed; and 
average annual maximum water levels above 4,144.12 feet msl elevation for conversion 
of emergent vegetation to pond-lily and open water. 

An increase in minimum water depths would not be expected to have as much effect as 
changes in maximum water depths. Even yellow-pond-lily, the species that can survive 
in the deepest water depths among those considered here, can tolerate conditions where 
surface water has disappeared, as long as soils remain saturated. Some conversion of 
communities from lower on the depth gradient to those higher on the gradient (e.g. 
Scirupus to Nuphar) as a result in higher minimum water levels might be expected over 
time, however. 

Potential Changes in Marsh Area Due to Increases in Water Level 

As discussed above, an analysis of 1894, 1957, and 1985 USGS topographic maps 
indicates that the lake-marsh boundary of marshes around Upper Klamath and Agency 
lakes has been fairly stable over the past 100 years (except where marsh has been 
converted to agricultural land by diking and draining). This suggests that the total area of 
remaining marsh is not likely to change if lake levels are maintained within historic 
levels. 

A decrease in total marsh area might be expected if lake level were to rise sufficiently 
high to convert substantial marsh area to open water. Some new areas of marshland 
could be created as a result of upland areas becoming newly inundated as a result of rising 
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lake level. However, it is unlikely that this new area of marsh would be extensive, since 
the slope of the shoreline in most places around the lake has a steeper elevational gradient 
than the shallow margins around the lake where the marshes occur. In some cases these 
steeper gradients are the result of dike construction. Based on the measured hydroperiods 
of Scirpus and Nuphar from Klamath Marsh and other regions (Tables 2 and 3), a lake 
level increase of 1.5 to 2 feet from the historic average annual mean or maximum could 
be expected to result in an overall decrease in marsh area. In terms of actual lake level 
this corresponds to a range of 4,142.48 to 4,142.98 feet above msl for average annual 
mean water level and a range of 4,144.12 to 4144.62 feet above msl for average annual 
maximum water level. 

Islands comprised primarily of marshland, such as those along the shoreline north of the 
mouth of the Williamson River into Agency Lake, could be converted to open water, with 
no creation of similar island habitat elsewhere. These islands appear to be relects of old 
marshland or artifacts of dredging activities associated with constructing dikes around the 
Williamson River delta. The vegetation of these islands was mapped as "tule" in an 
unpublished survey conducted by Oregon State University (ArcIINFO GIS database 
provided to R2 Resource Consultants by Klamath Tribes Natural Resources Department). 
Tule is often used as a common name for Scirpus acutus, although there is also a "bull 
rush" vegetation category in the Oregon State University data, which is also a common 
name for Scirpus acutus. 

Assuming that these islands are primarily composed of Scirpus acutus, an increase in 
mean or maximum water levels of 1.5 feet or greater (4,142.48 and 4,144.12 feet msl 
elevation for average annual mean and maximum water levels) would likely result in their 
conversion to open water. That estimate, however, assumes that these Scirpus marshes 
are at the midpoint of their depth range. If they are actually toward the deeper end of the 
depth range for Scirpus, a smaller increase in water level could result in their conversion 
to open water. A more conservative estimate would be an increase in 1.0 foot (4,141.98 
and 4,143.62 feet msl elevation for average annual mean and maximum water levels) to 
cause a conversion of these island marshes to open water. Yellow pond-lily would not be 
expected to establish in these areas due to the relatively exposed position along the open 
shoreline. The value of these islands to juvenile and larval fish (Klamath Tribes, 1991) 
suggests that their maintenance is an important consideration in evaluating effects of 
increased lake water levels on marsh fish habitat. 

Conclusions: Effects of Increased Lake Level on Marsh Vegetation 

From this analysis, it is apparent that increases in mean annual or maximum water level 
greater than 0.5 feet would likely lead to some changes in marsh plant communities. 
Increases of 1.5 feet in mean or maximum water level above historic levels would 
potentially lead to extensive conversion of emergent marsh plant communities to floating 
leaved types and to open water. Increases in minimum water levels would not be 
expected to have as strong an effect but could lead to some changes over time. 
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Stability of the lake-marsh boundary over the past 100 years suggests that conversion of 
marshland to open water is not likely to occur as long as lake levels are maintained within 
the range of historic levels. An increase in water level of 1.5 to 2.0 feet above the historic 
average annual mean or maximum could result in displacement of marsh vegetation 
shoreward, with an overall loss of marsh area. Artificial islands composed largely of 
Scirpus marsh near the mouth of the Williamson River and Agency Lake could be 
converted to open water with increases of 1.0 feet or greater. 
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