WILD RICE IN EAST CENTRAL MINNESOTA

I. Water, sediment, and plant nutrient
relationships on three wild rice
marshes.

II. The effects of traditional wild rice
harvesting in a wild rice marsh,

by

Genevieve T. Fannucchi

A Thesis
submitted in partial fulfillment of the
requirements for the degree
MASTER OF SCIENCE
in Natural Resources
College of Natural Resources
UNIVERSITY OF WISCONSIN

Stevens Point, Wisconsin

December 1983



APPROVED BY THE GRADUATE COMMITTEE OF:

,/173222;(f;_ ffffﬁv /&/£53‘¥~7?<42114~,»

4&17Ly1e E. Nauman, Committee Chairman
Professor of Wildlife

G- // A,
@%//1 .\j—;._w . //t - 41//

) Dr. James W, Hardin
/’ Associate Professor of Wildlife

Dr. R. David Hillier
Associate Professor of Biology

ii



PREFACE

This thesis is written in the format of two papers intended for
publication in various scientific journals. Each paper deals with

different aspects of research on wild rice (Zizania aquatica) marshes

in east central Minnesota. The research was conducted in the summer
and fall of 1980 and 1981. The primary objectives of the study were
to: (1) determine some of the chemical aspects of wild rice marshes;
and (2) assess the impacts of traditional wild rice harvesting on a
wild rice marsh. Material not intended for publication is found in
the Appendix.

Funding for this project was provided by the U.S Department of
the Interior - U.S. Fish and Wildlife Service contract no. 14-16-0009-
80-028.
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WATER, SEDIMENT AND PLANT NUTRIENT RELATIONSHIPS ON THREE WILD RICE
' MARSHES

GENEVIEVE T. FANNUCCHI, College of Natural Resources, University of
Wisconsin - Stevens Point, WI. 54481

WILLIAM A. FANNUCCHI, College of Natural Resources, University of
Wisconsin - Stevens Point, WI. 54481

LYLE E. NAUMAN, College of Natural Resources, University of Wisconsin -
Stevens Point, WI. 54481

Abstract: Three wild rice (Zizania aquatica) marshes were

investigated during 1980 and 1981 in the Sherburne National Wildlife
Refuge. The study sites show 3 points along a continuum of wild rice .
abundance, from bumper stand to failure. Lake Josephine and Orrock
Lake represented the end points on the continuum, having a dense stand
(52 stems/m2 in 1980, and 49 stems/m2 in 1981), and a poor stand

(<1 stem/m2 in 1980 and 1981), respectively. Johnsor. STough represented
an intermediate point, with a moderate stand (18 stems/m2 in 1980, 14
stems/m2 in 1981). Water, sediment, and plant tissue parameters were
analyzed to determine if a similar continuum relationship was reflected
in these parameters. Water analysis showed significant differences
(p<0.05) among study sites for alkalinity, total hardness (1980 and
1981), iron (1980), and sulfates (1981). Sediment analysis showed
significant differences (p<0.05) for boron and NH4-N (1980). Sediment
boron and iron, although not following the continuum relationship in
1981, were also significantly different (p<0.05). Plant tissue
analysis (1981) showed boron to be significant (p<0.05). It also
showed a higher nutrient uptake of Mn and Fe, when compared to other
available micronutrients. The water, sediment, and plant tissue
analyses from these study areas indicate a possible iron-wild rice
relationship. Continued study, however is needed to verify the

importance of iron to the wild rice plant.




Past studies have indicated that certain basic physical and
chemical conditions are required for naturally occurring wild rice
stands (Moyle 1944, Lawrence 1951, Steeves 1952). According to Moyle
(1944), the most important single factor affecting wild rice growth
is water chemistry. The best wild rice stands generally occur in lakes
having a pH of 6.8 to 8.8 (Stoddard 1960). Wild rice tolerates a
wide range of alkalinity (5-250 ppm) but is not found in waters high
in sulfate salts (Moyle 1967). Large stands are not found where
sulfate concentrations exceed 10 ppm and wild rice is totally absent
where they are greater than 50 ppm (Moyle 1944, 1967).

Little is known about the sediment nutrient components required
by natural stands of wild rice. Limited testing, doie by Stoddard
(1960) , shows low percentages of available potash and phosphate, and
high amounts of organic matter are present in wild rice lake sediments.
Soft alluvial soils seem to be best for rice growth in Northwestern
Ontario (Lee 1976). Kenora district studies in Canada indicate that
highest rice densities occurred on silty or organic sites over a hard
mineral bottom (Gideon 1972). According to Rogosin {1951), wild rice
grows best on a substratum of deep, (at least 45 cm) soft, mucky soil,
and does not readily establish itself on a hard mineral bottom, such as
sand, Other studies indicate that under anoxic conditions, sediment
production of ferrous sulfide may impede growth (Zingle 1969 as cited
in Gideon 1972).

Limited studies on nutrient uptake of wild rice stands have been
conducted in Canada. Concentrations of potassium, calcium, magnesium,

and copper were found to be quite similar in roots, stems, leaves, and




heads (Lee 1977). Canadian values for phosphorous, potassium,
calcium, and copper content in wild rice are well within the range of
concentrations found in other aquatic plants (Hutchinson 1975).
However, Lee (1977) noted that wild rice plants exhibited a strong
uptake of iron, and to a lesser extent, managanese, and that large
concentrations of iron may be essential for normal growth of wild
rice.

Few studies have investigated the waters and sediments of natural
wild rice areas. Little experimental work has been done on the nutrient
uptake of naturally occurring wild rice plants. The purpose of this
study was to examine the water, sediment, and plant nutrient relationships

on 3 wild rice marshes in central Minnesota.

STUDY AREA

Primary study areas included Lake Josephine (59 ha, 14 ha rice
stand), a shallow water marsh within the St. Francis River basin, the
northern section of Johnson Slough (26 ha, 11 ha rice stand), and
Orrock Lake (101.4 ha, 1 ha rice stand), both within the Snake River
basin (Fig 1). The study sites are located on the Sherburne National
Wildlife Refuge, Sherburne County, Minnesota. Refuge narratives state
that extensive drainage caused by a 1920's ditch system and the invasion

of carp (Cyrinus carpio) into the lakes and streams of the St. Francis

River basin in the early 1940's may have severely damaged wild rice

habitat.

METHODS
Water samples were randomly collected in the northern and southern

sections of the rice beds in Lake Josephine and Johnson Slough.




Samples were also taken along the eastern shoreline, in the center, and
in the west bay of Orrock Lake., Water quality was sampled 4 times
throughout the 1980 field season, mid-June through October, and twice
monthly during the same period in 1981. Dissolved oxygen was determined
on site using the azide modification method (American Public Health
Association 1976). Parameters sampled included: pH, conductivity,
alkalinity, total hardness, TKN, total phosphorous, 304, and iron,
Samples were analyzed at the Environmental Task Force Laboratory, -
UWSP - using procedures outlined in Standard Methods-14th edition
(American Public Health Association 1976).

Lake bottom samples were collected in late October (both years)
from each study site. Each wild rice bed was divided into 2 ha
sampling units. Rice beds were completely sampled on Lake Josephine
and Johnson Slough. Eight random sampling units were selected on
Orrock Lake. From each sampling unit, 6, 5 cm diameter cores were
combined to form a composite sample which was frozen for later
analysis. A total of 20 composite bottom samples were analyzed each
year.

Sediment samples were analyzed both years for pH, organic matter,

P, K, Ca, Mg, B, Mn, Zn, S, NH,-N, NO,-NO,-N, and C1. Sediment iron

4 2 73
levels were determined in 1981 only. Samples were analyzed by the
UW-Extension Soil and Forage Analysis Laboratories at both Marshfield
and Madison, Wisconsin using soil analysis procedures based on the
Wisconsin Procedures for Soil Testing (Liegel et al. 1980).

Plant tissue was collected prior to flowering from each study site

during 1981. Nine random sample sites (N=4 Lake Josephine, N=2 Johnson

Slough and N=3 Orrock Lake) were selected. Twenty flag Teaves per site




were removed and air dried. Plant nutrient concentrations were

determined for N, P, K, Ca, Mg, S, Zn, B, Mn, Fe, AL, Na, and NO,-N.

3
Samples were analyzed at the Soil and Plant Analysis Laboratory -
Madison, Wisconsin using the Wisconsin Procedures for Plant Analysis
(Liegel et al. 1980).

To determine if any statistically significant differences existed
among study sites, all water, sediment and nutrient analyses were
subjected to a 1-way analysis of variance (Johnson 1976). The Scheffe
post hoc test (Hays 1963) was also applied to the variables when a
significant difference (p<0.05) was found among variables.

The wild rice density of each study site was determined during
July 1980 and 1981. Transects were established acro:s the width of
each wild rice bed. Two 0.1 m2 rectangular sample plots (Daubenmire
1959) were examined every 30 m. Similar methods were used by Whigham

and Simpson (1977) to estimate seeding densities of 8 wild rice

populations in New Jersey.

RESULTS AND DISCUSSION

The study sites were selected to show a range of wild rice
abundance or continuum from dense stand to failure. Lake Josephine,
Johnson Slough, and Orrock Lake represent a dense, moderate, and sparse
rice stand, respectively. The average rice density in Lake Josephine
was 52 stems/m2 in 1980 (N=236) and 49 stems/m2 in 1981 (N=216).
Johnson Slough averaged 18 stems/m2 in 1980 (N=132) and 14 stems/m2
in 1981 (N=126). Orrock averaged less than 1 stem/m2 during 1980
(N=16) and 1981 (N=48). Samples were taken primarily in Orrock's west
bay since wild rice was most dense in this section of the lake during

both years.




Lake Josephine and Orrock Lake represent extremes on the range of
wild rice abundance in the study areas and Johnson Slough the midpoint.
Water, sediment, and plant tissue parameters were selected for
analysis when they showed a similar continuum relationship. It is
likely that variables which occur in the greatest or least amount on
a bed with a successful crop, and also have respectively low or high
values on a lake with no crop might exert a significant influence on
rice growth. This argument may be further strengthened if the

parameters for a moderate crop are intermediate between the 2 extremes.

Water Analysis

The average pH of the 3 study areas ranged from 8.6 to 9.0 in
1980, and 7.8 to 9.3 in 1981 (Table 1). Significant statistical
differences (p:p.OS) which reflected the range of abundance or the
continuum relationship indicated previously, occurred between study
areas for alkalinity, total hardness, and iron during 1980. During
1981 only alkalinity, total hardness, and sulfates showed this
relationship. In all cases, Lake Josephine and Orrock Lake represent
2 extremes (highest or Towest concentrations) and Johnson Slough is
intermediate.

According to Moyle (1944), Stoddard (1957), and Gideon (1972),
both alkalinity (1980-1981) and sulfate (1981) levels are within the
generally accepted range of values for successful rice crops. Although
the Tevel of iron was not significant (p<0.05) in 1981, Lake Josephine
had the highest concentration (0.98 ppm), Johnson Slough the intermediate
(0.79 ppm), and Orrock Lake the Towest (0.74 ppm).




It is unclear at the present time how alkalinity and total
hardness might affect wild rice growth. It is known that wild rice
stands can tolerate a wide range of carbonates (Gideon 1972). In
fact, Minnesota wild rice grows best in waters with carbonate levels
of over 40 ppm (Rogosin 1954). The average alkalinity levels during
the entire study period (Table 1) were within the tolerance limits
outlined by Moyle (1944).

As previously mentioned, wild rice is generally intolerant of
high sulfate concentrations (Gideon 1972, Moyle 1944), According to
Gideon (1972), the best wild rice areas have sulfate concentrations of
less than 10 ppm. Sulfate ion concentrations were low during 1980,
averaging less than 0.05 ppm for all study sites and from 1.35 to 3.63
ppm in 1981 (Table 1).

According to Wetzel (1975), the typical range of total iron found
in oxygenated surface waters of pH 5 to 8 is about 50 to 200 ug1"].
(or 0.05-0.2 ppm) but higher iron levels may occur in certain alkaline
closed lakes rich in organic matter. The higher iron levels of the
study areas may reflect this. Nevertheless, Lake Josephine, which had
a bumper rice crop in 1980, had the highest average concentration of
iron, while Orrock Lake, which had a crop failure, had the lowest
concentration. Johnson Slough, with a moderate stand of rice, had
intermediate iron concentrations (Table 1). Community structure may
also help to explain the higher iron contents of the study waters.
According to Oborn and Hem (1962), some water emergent, soil rooted

plants such as cattail (Typha latifolia), permit a blanketing effect

on water by allowing the growth of submerged aquatics beneath them.

This blanketing can decrease oxygen levels and eventually affect the




redox potential (Oborn and Hem 1962). During most of its growth, wild
rice is an emergent soil rooted plant found in association with many
submersed aquatics (Moyle 1944, Rogosin 1954). During the study
period all 3 wild rice beds had an accompanying dense mat of submersed
aquatics beneath them. This blanket effect may have influenced the
chemical equilibria of the water resulting in a higher dissolved iron
concentration,

The importance of nutrients in the water for the growth of wild
rice is unknown. Lee (1976) suggests that since the early floating
leaf stage of rice is similar to other submergent and floating
vegetation, wild rice may, at this time, obtain most of its required

nutrients from the water rather than through its roo’ system.

Sediment Analysis

Wild rice can grow in a variety of lake and river bottoms. Dore
(1969) reports that wild rice can grow in mud, sand, or gravel.
However in most cases, wild rice is found in soft-textured sediments
such as muck or silt (Ferren 1977, Moyle 1967).

The relative roles of the sediments in wild rice nutrient uptake
are unknown. However, in studies relating wild rice growth to N, P
and K uptake, Grava and Raisanen (1978) found that the majority of the
nutrient elements was supplied by the sediments. The total nutrient
requirements of wild rice have not been determined. According to Grava
(1973), the nutrient requirements of wild rice may differ from upland
crops because of the submersed conditions under which it grows (Grava
1973). 1In an unflooded upland crop soil, oxygen is available for

micro-organisms and plant roots. When a soil is flooded this situation




changes. Aercbic organisms quickly utilize the remaining dissolved
oxygen present and create an anaerobic environment. This lack of
oxygen promotes a reduced condition allowing reduced forms of nutrients
to become more available to plants. According to Grava (1973), this
situation exists in flooded paddies of field grown wild rice.

Sediment analysis results for 1980 and 1981 can be found in
Table 2. Using ANOVA analysis, only boron and NH4-N showed a
significant (pfp.OS) continuum relationship in 1980. In both cases,
Scheffe post hoc analysis showed concentrations in Lake Josephine to
be significantly lower (p<0.05) than Orrock Lake, but not significantly
different from Johnson Slough. However, Johnson Slough's boron and
NH4-N concentrations were intermediate between the oi'ier 2 lakes.
Boron, although significant (p<0.05) in 1981, did not show the
continuum relationship. Instead, boron concentration was greatest in
Johnson and about equal in both Lake Josephine and Orrock Lake (Table
2).

Stiles (1961) reported that grasses absorb less boron than other
plants. Monocots also tend to have a lower requirement for boron than

dicots (Hewitt 1963). Boyd and Walley's (1972) studies on Typha

latifolia and Juncus effusus found no significant correlation between

concentrations of boron in soils and in plant tissue. However, in their
study, standing crops of cattail increased with increasing levels of

soil boron. Cultivated rice (Oryza sativa) has a Tow boron content

(Hirai 1950). In fact, Hirai's (1950) studies indicate that in
properly managed paddies of cultivated rice, the supply of boron often

exceeds the demand.
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Although wild rice is not an ancestor of cultivated rice, it
resembles cultivated rice, in that, it grows under submersed conditions.
Comparisons between the 2 species, based solely on the known submersed
soil conditions of cultivated rice, may help to understand the virtually
unknown wild rice sediment conditions.

Most cultivated rice soils in the world are nitrogen deficient
(Patnaik 1978). It is also known that in submersed soils ammonia is
the major form of nitrogen available to cultivated rice (Ponnamperuma

1964). However, it seems unlikely that either boron or NH,-N had an

4
effect on wild rice abundance during 1980. 1In both cases, the lakes
with the best crops had the lowest concentration of both boron and

NH, -N (Table 2).

Iron, although not fitting into the soil continuum pattern was
significant (p<0.05) in 1981. The average iron concentration in the
sediment of Lake Josephine was 23 kg/ha, while in Johnson it was 2856
kg/ha, and in Orrock 2497 kg/ha (Table 2). If wild rice does utilize
iron from lake sediments, perhaps an area containing an abundant crop
could eventually deplete soil iron reserves, and thereby effect the
redox potential. According to Patrick and Mahapatra (1968:328), when
a soil is flooded and depleted of oxygen, the reduction of oxidized
inorganic compounds occurs in the following order, "nitrate and
managanic manganese compounds are reduced first; next the ferric
compounds are reduced to the ferrous form and finally sulfate is
reduced to sulfide." Studies by Takai et al. (1956) show that ferrous
iron begins to appear in the soil at Eh values of +50 millivolts, and

that sulfide occurs at -230 millivolts.
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Soil reduction does not appear to be harmful to cultivated rice
except at extremely Tow redox potentials, i.e. Eh levels low enough
for sulfide to form (Connell and Patrick 1968). Iron is important in
preventing low redox levels (Jeffery 1961). Most cultivated rice soils
contain a high concentration of ferric oxide, and it is believed that
this element is important in maintaining an Eh level that prevents
the excessive formation of sulfate (Patrick and Reddy 1978).

Although the average concentrations of sulfates were within the
accepted limits for wild rice growth in Lake Josephine's waters, they
increased during 1981 (Table 1). Lake Josephine's sediment iron content
was also low (23 kg/ha) when compared to the other study sites (Table
2). Hydrogen sulfide, at concentrations as low as 0.1 ppm, has been
found to be toxic in cultivated rice culture solutions (Ponnamperuma
1964). In some cultivated paddy rice soils hydrogen sulfide inhibits
the uptake of water and nutrients, and may cause root-rot (Vamos 1958).
According to Ponnamperuma (1964), this problem arises only on bleached
sandy soils and muck soils low in active iron. Mitsui (1955) and
Desai et al. (1957) have shown that toxic levels of HZS will not
become a problem in most soils due to the formation of FeS. However,
when large excesses of sulfides are formed, or the soil is deficient in
iron, toxic levels are achieved (Harter 1966).

If comparisons can be made between cultivated rice and wild rice
systems, perhaps the limited amount of iron in Lake Josephine's sediments
may eventually become inadequate and fail to maintain an Eh level that
prevents the excessive formation of sulfate. If sulfur fails to be

fixed (i.e. as FeS) and precipitated, as occurs under normal anerobic




conditions, sulfates may be released and eventually inhibit the growth

of wild rice.

Plant Analysis

Studies conducted by Lee (1977) and Grava (1973) indicate that rice
plant tissue contains a high amount of Fe and Mn when compared to other
available plant micronutrients. Plant tissue analysis from this study
also show a higher nutrient uptake of Mn and Fe, when compared to other
available micronutrients (Table 3). However, both elements are within
the range of normal internal dry tissue concentrations considered
adequate for hicher plants (Salisbury and Ross 1978).

Only boron showed significant statistical differences (p<0.05),
between study sites and fit into the proposed abundance continuum.

Boron content was lowest in Lake Josephine's wild rice, averaging 9.7
ppm and greatest in Orrock, averaging 13.3 ppm (Table 3).

Boron content of these wild rice plants may simply be reflective
of the boron content of the sediments. Orrock Lake had both the greatest
concentration of boron in its sediments and in its rice plants (Table 3).
This finding agrees with studies conducted by Boyd and Walley (1972) on
cattail and J, effusus. In their studies, plants from sites low in
boron contained less boron than plants from sites high in boron.

The accumulation of elements from soils by vegetation is complex
(Boyd and Hess 1970). Water depth, soil type, pH, etc. probably
interact with nutrient levels to influence boron uptake. In fact,

Boyd and Walley (1972) indicated that phosphorous is more likely to be
a more limiting factor for fresh-water plants than boron. Calcium

levels are also known to influence boron uptake (Hewitt 1963). Data
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on the accumulation of boron in natiye aquatic vegetation is scarce.
However, boron is a proven essential micronutrient for higher plants
(Salisbury and Ross 1978)

In this study, the results of plant, sediment, and water analyses
were used to understand differences in wild rice production.
Significance was attached to those parameters which fit a range of
abundance pattern, from bumper crop to failure. The water, sediment,
and plant tissue content of the study areas may indicate a possible
iron-wild rice relationship.

In flooded calcareous and sodic soils, it is known that cultivated
rice may suffer from iron deficiencies (Randahawa et al. 1978). It is
also known that cultivated rice has a higher apparenw. iron requirement
than other plants (Lin 1946). According to Oelke, (pers. comm.) iron
increases the foliar strength of lab raised wild rice plants and the
application of iron chelate improves seedling growth, Continued study
however, is needed to verify the importance of iron to the wild rice
plant. Quantitative tissue analysis should be performed for aquatics
such as wild rice. Such studies might reveal results applicable to

native wild rice areas.
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Table 1. Chemical characteristics of water collected from Lake Josephine, Johnson Slough,

and Orrock Lake, Sherburne National Wildlife Refuge, June-October 1980-1981.

Location
a Josephine Johnson Orrock

Parameter 1980 1981 1980 1981 1980 1981
oH 8.95  7.85 9.0 7.87 8.67 9.37

---= PP ---- L p— -—-- PP ----
alkalinity 1552 150° 113 144° 107 90¢
total hardness 164"  158° 121 150° 116 93¢
S04 <0.04  3.63° <0.05 2.56° <0.05 1.35¢
Fe 1.3 0.98 0.46°  0.79 0.27°  0.74

N=12  N=20 N=16 N=20 N=20 N=30

a1 significant differences show a range of abundance relationship - i.,e. Lake Josephine
and Orrock Lake represent 2 end points, and Johnson Slough is intermediate.

b(p.0.05) 1980

€(p<0.05) 1981

81




Table 2. Chemical characteristics of sediments collected from Lake Josephine, Johnson Slough, and

Orrock Late, Sherburne Mational Wildlife Refuge, October 1980 and 1081,

Location
Josephine Johnson Orrock
Measurement
Parameter Unit 1980 1981 1980 1981 1980 1981
PH - 7.0 7.7 6.1 6.1 6.7 7.6
0.1, kg/ha 327 280 296 280 297 280
B opm 1,580y C 1.72 1.8¢ 2000 1.3¢
NH -1 opi 18.22° 256 53.82 19.9 96.3%°° 22,7
Fe ppm - 23¢ - 2856° - 2497¢
N=7 N=7 N=5 N=5 N=8 N=8

3Denotes significant difference (p:p.OS) as determined by ANOVA analysis and also shows a range of
abundance relationship - i.e. Lake Josepnine and Orrock Lake represent 2 end points, and Johnson

STough is intermediate.

bDenotes significant difference (pip.OS) as determined by Scheffe post-hoc analysis.

“Denotes significant difference (959.05) as determined by ANOVA analysis, however no continuum

relationship exists.

61
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Table 3. Plant nutrient concentrations from Lake Josephine, Johnson
Slough, and Orrock Lake, Sherburne National Wildlife Refuge, 23 July-
4 August 1981.

Location

Nutrients Josephine Johnson Orrock
N (X % dry wt) 4.03 4.14 4.41
P 0.37 0.37 0.39
K 1.68 1.78 1.83
Ca 0.57 0.57 0.65
Mg 0.12 0.1 0.15
S 0.26 0.28 0.29
Na 0.05 0.07 0.12
B (X ppm) 8.9° 9.7% 13.3%
Mn 230 156 133
Fe 154 254 171
Cu 3.05 2.90 3.20
Al 68.5 68.2 85.4
In 14 18 16

N=80 N=40 N=60

aDenotes significant difference (p<0.05) and shows a range of abundance
relationship - i.e., Lake Josephine and Orrock Lake represent 2 extremes,
and Johnson Slough is intermediate.
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Abstract: The effects of traditional hand harvesting on a wild

rice (Zizania aquatica) bed was studied. Based on stem density

measurements Lake Josephine was divided into 2 equal sections. Hand
harvesting was limited to 1 section during 1980 and 1981. A comparison
between 1980 and 1981 seed production shows a 37% or greater decline

in the number of seeds/head, the average number of seeds harvested, and
the estimated number of seeds available for germination and wildlife
consumption throughout the marsh. Increases were seen in the average
weight of seeds/100 and the estimated number of non-viable seeds in

the marsh. The average number of seeds/head prior to harvest showed

no significant difference (p<0.01) between the 2 marsh sections during
1980 and 1981. The average number of seeds/head from each section,
compared between years, were significantly lower (t test, p<0.01)
throughout the marsh in 1981. During both years the amount of wild
rice removed by harvesting represented a small percentage of the wild
rice available. In 1980, 14% of the available wild rice (harvest
section) was removed. In 1981, 10% was harvested. Based on seed
production estimates, the hand harvesting of wild rice on Lake
Josephine appears to have had no severe impact on future stand

reseeding.
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Wild rice grows throughout the eastern half of the United States
and adjoining portions of Canada (Hitchcock 1971). According to
Libertus (1981), when water levels are favorable, a possible 12,100
ha containing 200-400 harvestable stands of natural wild rice, exist
in Minnesota. In northwestern Ontario, when conditions are favorable,
an estimated 10,700 ha of wild rice exist (Lee 1976).

Wild rice is a native North American plant valued both as a
waterfowl food and as a lucrative agricultural crop (Moyle 1944,
Neilson 1964, Stoddard 1957). An estimated 1,135,000 kg of native
Minnesota wild rice was harvested in 1980, having a potential value of
$11,250,000.00 (Libertus 1981). In Canada, the 1973 value of
unprocessed rice from just the Lake of the Woods (Oniario) was
estimated at $1,000,000 (Lee 1976).

Extensive harvesting of wild rice has been carried on for 300 to
500 years by the Algonquian and Sioux tribes (Edman 1969). According
to Moyle (1942, 1967), some Minnesota stands have existed for more than
300 years and have been harvested for over 100 years. Despite the long
history of wild rice harvesting, concern about the effects of traditional
harvesting on wild rice beds dates back to Jenks (1898), who maintained
that it was necessary to constantly reseed stands to prevent their
extermination by harvesters. Moyle (1942) has stated that traditional
wild rice harvesting, as practiced by native Americans has had little
or no effect on wild rice stands. Lawerence (1951) states that the
traditional method of harvesting neither endangers the crop nor

interferes with the nutrition of waterfowl.
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Various authors have estimated the percent of wild rice actually
taken by hand harvesting. Dore (1969) estimates that 50% of the grain
is taken, the remainder falling back into the water to become seed
for next years stand. According to Moyle (1944), as little as 10% of
the crop maybe taken by hand harvesting. Lawerence (1951) hypothesizes
that not more than 20% of the crop is harvested.

Little experimental work has been done to quantify the production
of a natural wild rice stand. The effects of harvesting on the
reseeding potential of a rice bed, the percent of seed actually taken
by traditional harvesting, and the percent of seed left for wildlife
usage has not been determined.

In recent years a conflict has arisen as to whe.her to preserve
the wild rice resource on the Sherburne National Wildlife Refuge
(Minnesota) for the exclusive use by wildlife, or to allow harvesting
of this valuable crop. The following paper presents a Timited
quantitative Took at the impacts of traditional wild rice harvesting
on a natural wild rice stand, and attempts to determine whether hand

harvesting has an effect on the following years stand.

STUDY AREA

The study was conducted on Lake Josephine, a 59 ha shallow water
marsh located on the Sherburne National Wildlife Refuge, Sherburne Co.,
Minnesota. Water control structures exist both to the north of the
lake and at the lake's outlet. A 14 ha wild rice stand exists on

Lake Josephine, surrounded by a predominantly cattail (Typha latifolia)

mat.
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METHODS
Wild rice density in Lake Josephine was determined during July
1980 and 1981. Thirteen transects were established across the width

2 rectangular sample plots (Daubenmire

of the wild rice bed., Two 0,1m
1959) were examined every 30 meters to determine both density and
vegetative cover (N=236, 1980; N=219, 1981). Similar methods were
used by Whigham and Simpson (1977), on 8 populations of wild rice in
New Jersey.

One of the principal causes of wild rice stand failure is high
water levels during May and June (Moyle 1944). In order to eliminate
such problems, Lake Josephine was maintained at an average depth of
58 cm during the study period. Preferred water leveis for wild rice
range from 30-92 cm (Moyle 1944),

To evaluate the effects of hand harvesting, Lake Josephine was
divided into 2 equal portions. Based on 1980 density measurements,

a harvest and a non-harvest section, having similar densities, was
established (Fig. 1). The dividing boundary consisted of 26 3 m posts
spaced at approximately 30.5 m intervals. The posts were connected

by streamered fishing line.

To assess harvesting impact on the amount of seed potentially
available for germination and wildlife consumption, seed heads were
removed from 80 0.1m2 sample plots during 1980 and 1981. Each year 20
sample plots per section were examined prior to and immediately after
the final harvest was completed. Seed head sample sites were located
near accessible boundary posts. Samples were taken 3.5 m from each

post. The number of seeds/head, the amount of development per head

and general seed head conditions, were determined for each sample.
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Six harvests were conducted in 1980 from 29 August-14 September,
and 4 harvests during 1981 from 6 September-15 September. Experienced
rice harvesters using traditional methods (Dore 1969, Hofstrand 1970,
Steeves 1952, Sokolov 1981), harvested from 1000 to 1400 h, with 2 to
4 day resting intervals between harvests. Rice boat densities varied
from 1 boat/1.9 ha to 1 boat/4.3 ha. A1l "green" (unprocessed) rice
removed was weighed at the field site.

To assess wild rice seed production during 1980 and 1981, the
following parameters needed to be determined:

1. the average number of seeds/head
the average weight of seeds/100
the average number of stems/m2
the average number of seeds/m2

the estimated number of seeds in the marsh

A O B_,wWw N

the estimated number seeds/section
the estimated number of non-viable seeds/section

the estimated number of seeds available for harvest

O 00) ~
. . .

the estimated number of seeds harvested
10. the estimated number of seeds available for
germination and wildlife consumption/section
Seed head samples (N=1360, 1980; N=1067, 1981) were used to
determine the average number of seeds/head. Seeds were individually
counted and the number of non-viable seeds per head, (i.e. ergot

(Claviceps zizaniae) infected, depredated, sterile and partially

developed) per sample was recorded. The number of viable seeds,

(i.e. fully developed, hard and green), was also recorded. Seed




weight/100 seeds (N=186, 1980; N=124, 1981) including hulls and awns
was determined after each harvest. Sample size was calculated using
a formula for sampling intensity without presampling n=(s/sx)2
(Freese 1963). The average number of stems/m2 was determined using
the density techniques previously mentioned. Equations used to
determine parameters 5-10 can be found in Table 1.

To determine the effects of harvesting on Lake Josephine's
rice stand, the average number of seeds/head collected prior to
harvest during both years were computed. A t-test and pooled t
(Johnson 1976) were used to determine if any statistical difference
existed between sections, and between years for each section. The
average number of non-viable seeds/head collected p-st harvest
during the study, were also computed using the same statistical
tests. Non-viable seeds/head were analyzed to see if causes other

than harvesting could have influenced yields.

RESULTS AND DISCUSSION

Refuge narratives indicate that no wild rice existed in Lake
Josephine during 1979. The past occurrence of wild rice on Lake
Josephine 1is irregular (Table 2). This however, is not unusual for
a wild rice bed. According to Moyle (1942), although the rice crop
exhibits no regular cyclic behavior, it fails on the average once
every 3 or 4 years. Bumper crops are not recorded as occurring in
successive years (Moyle 1942).

Bumper crops (i.e. high yields) did not occur in Lake Josephine
during both 1980 and 1981. Although the number of stems/m2 were not

significantly different (p<0.01) during the study period, the average
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number of seeds/head and the amount of rice harvested declined. The
causes of yield reduction in years following a bumper crop of wild
rice may involve overseeding and lodging. Moyle (1942) suggests

that overseeding and excessive production of straw, from a dense
stand of wild rice, may reduce the following years crop. Many of
Lake Josephine's 1981 rice seedlings were shallowly rooted in the
previous years rice straw. As they grew, toppling or lodging
occurred. According to Larson and Maranville (1977), lodging
decreases the yields of many small grains. It is known that lodging,

which occurs prior to heading in wheat (Triticum aestivum), reduces

the kernel number per spike (Laude and Pauli 1956).

Density measurements alone are not an effectiv: means of
determining the potential yield of wild rice. According to Black
and Aase (1982), grain yield is based on the number of heads/unit
area, the number of kernels/head, and kernel weight. Calculations
used to estimate the 1980 and 1981 seed production of rice in Lake
Josephine were based on the average number of stems/mz, the average
number of seeds/head, and the average weight of seeds/100. A
comparison between 1980 and 1981 seed production shows a 37% or
greater decline in the number of seeds/head, the average number of
seeds/mz, the estimated number of seeds harvested, and the estimated
number of seeds available for germination and wildlife consumption
throughout the marsh (Table 3). The areas not impacted by wild rice
harvesting also showed a seed decline (Table 3). Increases were seen
in the average weight of seeds/100 and the estimated number of

non-viable seeds in the marsh (Table 3).



28

The average number of seeds/head prior to harvest showed no
significant difference (p<0.01) between the 2 marsh sections during
1980 and 1981 (Table 4). However, yield and the average number of
seeds/head declined throughout the marsh in 1981 (Table 3); and when
seed head production from each section was compared between years,
the average number of seeds/head was significantly lower (pjp.Ol) in
1981 (Table 4). The decrease in seed production in Lake Josephine
during 1981 was not due to harvesting, since the yield on each side
remained relatively equal. Based on seed production estimates, the
hand harvesting of wild rice on Lake Josephine does not reduce
subsequent stands. During both years the amount of rice removed by
harvesting, represented only a small percentage of “he rice available,
In 1980, 14% of the available wild rice (harvest section) was removed
(Table 5). In 1981, 10% was harvested (Table 5).

Competition for nutrients due to high natural seeding rates, may
prove to be more important than impacts due to traditional harvesting.
According to Rogosin (1958), high seeding densities may create
competition for available nutrients and 1ight, ultimately inhibiting
the rate of growth and grain filling of wild rice. Estimated
seeding densities from 1980 were high, averaging 2181 kg/ha. A
seeding rate of 98 kg/ha of quality wild rice seed is recommended for
paddy or field cropped wild rice (Oelke and E11iott 1978). Grain

yields of cultivated rice (Oryza sativa) have been shown to be

adversely affected by seeding rates of 135-303 kg/ha (Wells and Faw
1978). In fact, they state that in dense populations of cultivated
rice, excessive growth prior to anthesis limits grain yield, because

of competition for the remaining available nutrients.
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The following year's rice stand can also be affected by the
number of non-viable seeds produced, since these seeds are unlikely
to germinate. The estimated number of non-viable seeds/section
increased 19% in the harvest section and 45% in the non-harvest
section during the study period (Table 3). Post harvest analysis of
the average number of non-viable seeds/head showed no significant
difference (p<0.01) between the 2 marsh sections during 1980, however,
non-harvest sections were significantly different between years (p<0.01)
(Table 4). The number of partially developed post harvest grains
increased 29%, and the amount of sterile grains increased 33% in the
non-harvest section from 1980 to 1981 (Table 4). Although the harvest
section showed no change either year (Table 4), botl sections may
actually be more similar than they appear, since hand harvesting
dislodged non-viable seeds.

A11 pistillate florets do not produce viable grains. In fact,
80% grain sterility has been recorded in some Canadian wild rice
areas (Dore 1969). Floret sterility may be associated with
pollination and fertilization problems due to weather, or to the late
season production of secondary panicles (Dore 1969). According to
Sata and Takohashi (1971), as cited in Evans and Wardlaw (1976), high
temperatures shorten the duration of grain filling in cultivated rice
to such a point that grain yields are reduced, and carbohydrate
reserves are left in the plant. However, a confident answer to what
causes grains to suddenly stop growing doesn't exist for any cereal
(Evans and Wardlaw 1976).

Although seeding density, competition for nutrients, grain

condition, and temperature may effect wild rice yields, actual yield
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is determined during harvest. Accurately estimating the proper time
for harvesting natural stands of wild rice is a judgement call, and
opinions often differ. According to Neilsen (1964), harvesting
should commence when the green kernels are fairly firm and ripened
black kernels exist on the top of the spike. Maximum yield of
processed field grown wild rice occurs when 35-40 percent of the
kernels are dark rather than green in color (Oelke et al. 1982).

Wild rice seed heads ripen over a 10 day period, with grains
falling as they ripen (Moyle 1944), Stands are usually hand-
harvested several times during the ricing period. A 1 to 2 day
resting interval usually occurs between harvests, allowing the
remaining grains to ripen. Dore (1969) states that prematurely shed
seeds generally do not germinate,

Harvesting must coincide with maximum seed head ripening to
insure that the bed is reseeded with viable seeds. If a rice bed is
continuously harvested before adequate seed head ripening has occurred,
over a period of years, the germination of that rice stand may be
adversely affected. Steeves (1952) states that prior to the
establishment of the Commissioner of Conservation in Minnesota, rice
stands began to decline. According to Steeves (1952), as wild rice
harvesting became .nore profitable, competition for the grain increased
and harvesters went into the rice beds too early. The grains which
fell during the harvest, normally serving for reseeding, were not
ripe enough to germinate (Steeves 1952).

Although wild rice harvesting did not seem to effect seed bed
germination in Lake Josephine, not all native stands should be

harvested. Distinctions should be made between the wild rice harvest
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and the wild rice resource. Proper wild rice management should insure
the continuance of the resource. Since wild rice is an annual, its
persistance depends on yearly reseeding. Properly timed harvesting
should result in the adequate reseeding of a stand with viable seed.
Hand harvesting should be allowed on healthy stands of wild rice.
Newly seeded areas, poorly germinating beds or stands in which

lodging is severe should not be opened to harvesting. Sufficient
grain for bed reseeding will be produced during the years when hand

harvesting is not conducted.
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Fig. 1. Location of harvest/non-harvest sections on Lake Josephine,
Sherburne National Wildlife Refuge - Fall 1980-1981.



Table 1. Equations used to assess wild rice seed production in Lake Josephine, Sherburne National Wildlife Refuge, 1980 and 1981,
1. (5)2 (m2 in Lake Josephine) x (average number of stems/mz) = average number of stems in Lake Josephine
average number of stems 1"/)x average number of‘ _ estimated number of seeds
Lake Josecnine seed/stem or head in Lake Josephine
2. (6) estimated number of seeds/section = estimated number of seeds in Lake Josephine
3. (7) (% of non-viable seeds/section) x (estimated number of seeds/section) = estimated number of non-viable seeds/section
4, (8) (estimated number of } _ (estimated number of non-viable) _ estimated number of seeds
seeds/section seeds/section available/section

5. (9) total harvested weight _ the estimated number of

‘average weight of seeds/100 seeds harvested
6. (10) the estimated number of the estimated number the estimated number the estimated number

seeds available for _ [ of seeds available _ of non-viable + Of seeds harvested

germination and wildlife for harvest seeds/section (only applicable to

consumption/section the Harvest Section)

3Number in parenthesis refers to parameter indicated in paper,

2%
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Table 2. Past occurrence of wild rice on Lake Josephine, Sherburne

National Wildlife Refuge, 1965-1981.

Year Condition of wild rice stand
1965a no rice

1966 average

1967 poor

1968 heav

1969 good

1970 no rice

1971 good

1972 no rice

1973 present

1974 presgnt

1975 --

1976 -

1977 sparse

1978 scattered along edges
1979d -- 2

1980d 52 stems/m

1981 49 stems/m

aData from 1965-1979 based on subjective estimates obtained from
refuge narrative reports.

bSeed heads did not fill out, so what appeared good was an average to

poor -crop.
c. Indicates no record.

dData from present study.




Table 3. Seed produczicr of wild rice on Lake Sherburne National Wildlife Refuge, 1980 and 1981.2

Year
1980 1981 Change
Number of seeds/head’ 140 88 (-)37
Weight of seeds/100° 2.99 gm 3.50 gm (+)15
Number of stems/m2 52 49 (=) 6
Number of seeds/m’ 7280 4312 (-)43
Number of seeds in Laxe Josephine 1.1 x 10°/31,413 kg 6.2 x 108/21,779 kg (-)31
Number of seeds/sectic-” 5.2 x 10%/15,706 kg 3.1 x 108/10,899 kg (-)31
Number of non-viable szeds/section® 7 7
HARVEST 4.7 x 1071413 kg 5.0 x 107/1743 kg (+)19
NON-HARVEST 4.2 x 10’/1256 kg 6.6 x 107 /2288 kg (+)45
Number of seeds avaiiztle/section 3 8
HARVEST 4.8 x 10%/14,293 kg 2.6 x 105/9155 kg (-)36
NON-HARVEST 4.8 x 10%/14,450 kg 2.5 x 108/8610 kg (-)40
Number of seeds harves:ed 6.4 x 107/1922 kg 2.5 x 107/874 kg (-)55




Table 3. cont.

Year
1980 — 1981 . Change
Number of seeds available for
germination and wildlife
consumption/section 8 8
HARVEST 3.7 x 107/10,957 kg 1.9 x 107/6537 kg (~)40
NON-HARVEST 4.4 x 108/13,194 kg 1.8 x 1086321 kg (-)52

3Based on the average number of seeds collected both prior to and post harvest, unless stated otherwise.

Py=1360, 1980: N=1067, 1981.

Based on seed samples (N=186, 1980; N=124, 1981) collected after each harvest.

dBoth sections assumed equal, based on 1980 density.

®Based on the average - of sterile, depredated, ergot infected and partially developed seeds examined post harvest/section.

*
Values for the numbers of seeds represented in scientific notation have been rounded.

LE




Table 4.

Wild rice seed head

analysis on Lake Josephine, Snherburne National

Wildlife kefuge, 1980 and 1981.

Ave, = of
Ave, # of partially Ave, 4 of
Ave. # ofa non-viable developad sterile
Year(s) Sections seeds/head seeds/head seeds/head seeds/head
1980 Harvest/
Non-harvest 130/153 12/13 9/17 3/2
1981 Harvest/
Non-harvest 92/77 14/23* 9/14 3/6
1980/ Non-harvest/
19¢€1 Non-harvest 153/77* 13/23* 10/12 2/6
1080/ Harvest/
1981 Harvest 130/92* 12/14 -9/9 3/3
3Based on prior to harvest seeds heads: N = 772; 1980, N = 326: 198]1.

bBased on post harvest seeds heads: N = 588; 1980, N = 541, 1981,

*Significant difference (p<0.01).

8¢



Table 5. Percent utilization of wild rice per harvested/non-harvested sections and throughout

Lake Josephine on the Sherburne National Wildlife Refuge, 1980 and 1981,

% available for

% of non-viable germination
diseased or and wildlife
Year Section % Harvested depredated seed? consumption
1980 Harvest 14 9 84
Non-harvest -- 8 92
Throughout
the marsh 7 9 84
1981 Harvest 10 16 74
Hon-narvest -- 21 79
Throughout
the marsh 5 19 76

3Based on analysis of post harvest seeds and determined for each section separately.

6€
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Appendix A. Water gauge readings for Lake Josephine, Sherburne National
Wildlife Refuge, 1980.
Date Water level?
(m)
22 July 0.591
24 July 0.591
29 July 0.591
2 August 0.582
7 August 0.670
8 August 0.755
14 August 0.731
19 August 0.822
22 August 0.844
25 August 0.853
1 September +0.932
24 September 1.024
26 September 0.920
6 October 0.701
11 October 0.667
15 October 0.652
26 October 0.649
31 October 0.673
1 November 0.641
30.00 gauge reading = 290.81 m above mean sea level.
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Appendix B. Water gauge readings for Johnson Slough, Sherburne National

Wildlife Refuge, 1980.

Date Water Tevel
(m)

29 June 2.63

17 July 2.54

3 August 2.45

11 August 2.53
27 August 2.54

7 September 2.57

9 October 2.64
10 October 2.64




Appendix C. Water gauge readings for Orrock Lake, Sherburne National
Wildlife Refuge, 1979-1980.

Year Date Water level?
(m)
1979 8 June 2.96
10 July 2.98
26 July 2.85
21 August 2.89
18 September 2.91
3 October 2.88
17 October 2.85
29 October 2.89
1980 5 June 2.95
8 June 2.93
14 June 2.90
25 June 2.79
23 July 2.70
29 July 2.69
18 August 2.74
28 August 2.74
31 August 2.76
11 September 2.84
25 September 2.84
1 October 2.85
7 October 2.85
15 October 2.85
27 October 2.85
31 October 2.84

40.00 gauge reading = 293.81 m above mean sea level,



Appendix D. Water gauge readings for Lake Josephine, Sherburne National
Wildlife Refuge, 1981.

Date Water level?
(m)
3 June 0.725
4 June 0.725
10 June 0.744
14 June 0.914
15 June 0.920
16 June 0.877
19 June 0.780
24 June 0.829
27 June 0.822
2 July 0.792
7 July 0.908
28 July 0.822
10 August 0.810
17 August 0.786
23 August 0.774
25 August 0.841
27 August 0.896
5 September 0.990
6 September 0.990
8 September 0.774
13 September 0.932
16 October 0.569
19 October 0.609
25 October 0.566
28 October 0.566

40,00 gauge reading = 290.81 m above mean sea level.



Appendix E.

Wildlife Refuge, 1981.

Water gauge readings for Johnson Slough, Sherburne National

Date Water level
(m)
11 June 3.38
16 June 3.57
26 June 3.56
10 July 3.47
16 July 3.57
22 July 3.53
24 July 3.53
29 July 3.51
4 August 3.51
17 August 3.52
21 August 3.51
27 August 3.58
3 October 3.54
6 October 3.46
14 October 3.54




Appendix F. Water gauge readings for Orrock Lake, Sherburne National
Wildlife Refuge, 1981.

Date Water level?
(m)
4 June 2.60
8 June 2.60
9 June ‘ 2.60
10 June 2.61
16 June 2.72
26 June 2.73
3 July 2.68
9 July 2.63
17 July 2.68
24 July 2.65
27 July 2.62
13 August 2.60
28 August 2.62
30 August 2.62
18 September 2.56
24 September 2.56
4 October 2.56
13 October 2.60
23 October 2.63
28 October 2.63
31 October 2.62

30.00 gauge reading = 293.81 m above sea level.
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Appendix G. Secchi disk readings from Orrock Lake, Sherburne National
{1i1d1ife Refuge, 4 June 1980.

Secchi disk Water depth

Station transparency? (cm) (cm)
1b 45.0 97.0
2b 61.0 70.0
3b 63.0 90.0
4 78.5 84.0
5 73.5 105.0
6 73.5 88.0
7¢ 60.0 84.0
8 63.5 100.0
9 56.5 100.0
10 57.5 96.0
11 67.5 105.0
12 64.5 111.0
13 65.0 110.0
14 73.5 87.0
15 51.0 82.0
16 61.0 105.0
17 71.0 115.0
18¢ 62.5 116.0
19 69.5 104.0
20 65.5 109.0
21 61.0 100.0
22 56.0 102.0
23 57.0 107.0
24 56.0 89.0
25 53.0 97.5
26 50.0 107.5
27 49.0 110.0
28 49.0 91.5
29 53.0 118.5
30 58.5 93.5
31 49.0 99.5
32 45.5 102.0
33 52.5 98.0
34 48.0 92.0
35 57.0 101.5
36 46.0 104.0

aZone of 1ight penetration down to approximately 5% of the solar
radiation reaching the surface.

Beast bay.

CWest bay.

Lack of notation indicates remainder of lake.
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Appendix G. (continued).

Secchi disk Water depth
Station transparency? (cm) (cm)
37 46.0 105.5
38 52.0 95.0
39 49.5 122.0
40 51.0 116.0
41 51.5 100.0
42 52.5 80.0
43 46.0 112.0




Appendix H.

Water quality data collected from 3 sample points on Lake Josephine, Sherburne National Wildlife Refuge, 30 June-21
October 1980,

pH Conductivity  Alkalinity Total Dissolved Reactive Total NH4 N02-N03 K, 504 Fe
(umhos/cm) Hardness Oxygen P p
---------------------------------------------- pID’“ - - -
30 June
1 7.95 230 133 145 10.20 0.030 0.125 0.08 <0.02 2.04 <0.5 -3
2 9.52 150 84 98 10.00 0.010 0.050 0.02 <0.02 1.60 <0.5 -
3 9.85 149 86 99 10.20 0.130 0.235 0.02 <0.02 1.96 <0.5 -
5 Aug
1 7.21 234 130 146 10.20 0.040 0.065b 0.14 <0.05 1.52g 0.55 -
2 7.05 244 140 146 0.5b 0.031 0.73gb n.26 <0.05 >4,00 5.00 -
3 7.04 345 188 204 2.60 0.032 1.00 0.15 <0.05  »4.00P 9.5b -
7 Sept.
1 7.34 203 176 186 5.4 0.032 0.130 0.04 <0.02 1.58 <0.5 1.10
2 7.66 97 169 184 7.2 0.015 0.070 0.02 <0.02 1.56 <0.5 0.7
3 7.44 290 154 164 6.1 0.010 0.080 0.01 <0.02 1.52 <0.5 0.55
21 Oct.
1 7.43 361 188 188 11.82 0.007 0.165 0.08 0.02 4.20 - <0.5 2.85
2 7.71 371 194 194 12.83 0.020 0.165 1.32 0.02 4,48 <0.5 1.75
3 7.87 400 212 210 12.12 0.020 0.140 0.86 0.02 3.68 <0.5 1.15

3parameter not sampled.

Data questionable due to high amounts of particulate matter in samples.

oY




Appen

dix I.

October 1980.

Water quality data collected from 4 sample points on Johnson Sough, Sherburne National Wildlife Refuge 30 June-21

pH Conductivity Alkalinity Total Dissolved Reactive Total NH4 NOZ-NO3 TKN SO4 Fe
(umhos/cm) Hardness Oxygen p p
---------------------------------------------- DPM == == e ;e e e e e mecemmme—————m——e
30 June
1 7.33 165 95 103 13.67 0.005 0.025 0.12 <0.02 1.10 <0,5 -2
2 9.09 145 97 a1 10.40 0.002 0.025 0.04 <0.02 1.1€ <0.5
3 9.75 128 75 33 9.33 0.002 0.020 0.06 <0.02 1.12 <0.5 -
4 9.76 124 73 22 11.53 0.002 0.025 0.04 <0.02 1.14 <0.5 -
5 Aug
1 7.50 216 120 126 8.90 0.0IOb 0.2952 0.04 <0.05 >2.00E 7.6° -
2 9.26 165 70 114 10.60 0.080b 0.330b 0.13 <0.05 >ﬂ‘00b 0.5 -
3 9.03 158 104 104 9.20 0.0122 0.165 0.10 <0.05 3.04b <0.5 -
4 8.35 200 102 126 7.50 0.038 0.1350 0.11 <0.05 >2,00 <0.5 -
7 Sept.
1 7.35 214 114 123 6.30 0.002 0.035 0.01 <0.02 1.08 <0.5 0.40
2 7.45 265 136 142 5.80 0.002 0.035 0.03 <0.02 1.10 <0.5 0.30
3 7.66 220 136 147 6.70 0.002 0.040 0.01 <0.02 1.10 <0.5 0.20
4 7.47 233 139 145 4 50 0.002 0.050 0.04 <0.02 1.18 <0.5 0.50

3parameter not sampled.

bData questionable due to high amounts of particulate matter in samples.

]




fppendix I. (continued).

nH Conductivity  Alkalinity Total Dissolved Reactive Total NH4 NOZ-NO3 TKN S0, Fe
(umhos/cr Hardness Oxygen 3 p
---------------------------------------------- PPM == == mm e e e e m e e e
21 Oct.

1 7.87 248 134 130 9.90 0.005 0.015 0.02 <0.02 0.9¢ <5.5 0.40
2 7.77 252 136 133 9.90 0.002 n.015 0.02 <0.02 1.00 <0.5 0.45
3 7.86 262 140 140 9.90 0.007 0.015 0.06 0.02 1.04 <0.5 0.70
4 7.90 268 142 142 10.40 0.005 0.025 0.02 <0.02 1.10 <0.5  0.80

15




Appendix J.

October 1981.

Water quality data collected from 5 sample points on Orrock Lake, Sherburne National Wildlife Refuge 30 June-21

pH Conductivity Alkalinity Total Dissolved Reactive Total N a Z-NO3 TKN SO4 Fe
(umhos/cm) Hardness Oxygen P p
---------------------------------------------- DPM === === mm e e e e m e mme—eeee
30 June
1 8.45 185 104 108 9.38 <0.002 0.035 0.02 <0.02 1.12 <0,5 -2
2 8.94 170 94 99 7.29 <0.002 0.035 0.02 <0.02 1.12 <0.5 -
3 9.23 148 80 85 10.00 0.050 0.100 0.02 <0.02 1.18 <0.5 -
a4 8.60 175 102 106 11.02 0.005 0.040 0.06 <0.02 1.12 <0.5 -
5 8.70 168 102 105 4.28 0.002 0.030 0.06 <0.02 1.08 <0.5 -
5 Aug.
1 7.93 263 140 144 7.00 o.owg 0.1250  0.07 <0.05 1.605 0.5 -
2 7.95 225 112 160 7.50 0.010 0.055b 0.05 <0.05 1.56b 0.5 -
3 9.47 137 72 92 10.70 0.0730 0.915 0.08 <0.05 >4.OOb <0.5 -
4 8.00 253 130 130 6.90 0.1Obk 0.260P 0.10 <0.05 2.02b <0.5 -
5 7.94 253 130 148 7.00 0.010% 0.040 0.13 <0.05 1.24 <0.,5 -
7 Sept.
1 8.59 195 102 126 9.10 0.002 0.030 0.04 <0.02 1.12 <0.5 0.05
2 7.88 160 84 97 R.80 0.002 0.025 0.03 <0.02 0.94 <0.5 0.15
3 8.64 151 74 80 5.80 0.015 0.090 0.04 <0,02 1.28 <0.5 0.80
4 8.80 184 94 103 9.40 0.002 0.025 0.04 <0.02 1.04 <0.5 0.05
5 8.33 193 93 108 7.70 0.002 0.030 0.01 <0.02 0.94 0.5 0.05

dparameter not sampled,

Data questionable due to high amounts of particulate matter in samples.




Appendix J. (continued).

pH Conductivity Alkalinity Total Dissolved Reactive Total NH, WOZ-NO3 TKN 504 Fe
(umhos/cr) Hardness Oxygen 2 P
---------------------------------------------- DPM == === == mm e e o e m e m e e e oo mmcme oo
21 Oct.

1 8.06 245 126 124 11.21 0.002 0.030 0.02 <0.02 1.14 <0.5 0.15
2 8.20 253 124 124 11.61 0.002 0.025 0.02 <0.02 1.12 <0.5 0.25
3 7.68 242 124 124 8.99 0.007 0.035 0.0z 0.02 1.48 <0.5 0.80
4 8.20 240 124 124 11.21 n.005 0.025 0.02 <0.02 1.10 <0.5 0.15
5 8.32 240 124 124 11.62 0.007 0.025 0.02 <0.02 1,04 <3.5 0.25
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Appendix K. Water quality data collected from 2 samnle points on Lake Josephine, Sherburne National wWildlife Refuce, 8 June-19
October 1981.

pH Conductivity Alkalinity Total Dissolved Total TKN SO, Fe K Ca
(umhos/cm) Hardness Oxygen p Hardness
-------------------------------------------- PDM == = mmm s e e o e e e e e
& June
1 7.63 229 114 116 3.90 0.075 1.52 -a 2.00 - 75
2 7.83 204 106 107 4,25 0.050 - 1.32 - 1.40 - 68
23 June
1 7.91 260 129 135 9.10 0.062 1.27 - 1.25 - 99
2 7.63 262 127 133 9.20 0.045 1.12 - 1.00 - 101
6 July
1 8.66 210 112 119 12.40 0.048 1.03 4 0.56 - 38
2 8.54 225 116 121 10.90 0.034 1.01 3 0.71 - 88
20 July
1 7.72 244 119 136 10.60 0.060 1.22 3 0.28 - 98
2 7.40 277 138 156 5.40 0.105 1.56 2 0.42 - 116
3 August
1 7.51 268 134 142 5.10 0.035 1.70 2 0.32 - 106
2 7.34 288 142 150 3.50 0.040 1.38 3 0.55 - 112

¥S

3parameter not sampled.




Appendix K. (continued).

pH Conductivity Alkalinity Total Dissolved Total TKN SO4 Fe K Ca
(umhos/cm) Hardness Oxygen p Hardness
-------------------------------------------- DPM === e e e e e e e e e e
17 August
1 7.29 291 190 206 6.53 0.055 1.10 3 1.24 - 162
2 7.31 272 178 190 5.34 0.050 0.92 3 1.65 - 150
2 September
1 7.21 312 162 17¢ 4,30 0.083 1.50 4 1.48 1.50 -
2 7.23 305 160 174 3.80 0.058 1.39 4 1.08 1.30 -
14 September
1 7.45 324 152 164 €.90 0.050 1.20 5 1.10 1.30 -
2 7.40 335 158 170 4.30 0.040 1.26 6 1.20 1.10 -
28 September
1 7.54 395 188 186 6.10 0.050 1.14 4 1.36 2.00 -
2 7.54 397 196 202 6.30 0.040 0.88 2 0.94 0.90 -
19 October
1 7.66 365 189 189 6.50 0.030 1.12 4 0.62 1.40 -
2 7.46 355 185 187 4.50 0.035 1.21 6 0.51 1.40 -
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Appendix L. Water quality data collected from 2 sample points on Johnson Slough, Sherburne Mational Wildlife Refuge, 8 June-19
October 1981.

pH Conductivity Alkalinity Total Dissolved Total TKN 504 Fe K Ca
(umhos/cm) Hardness Oxyoen p Hardness
-------------------------------------------- S0 I e L PP P PR
8 June
1 8.18 252 132 135 8.00 0.045 1.44 .2 0.04 - 94
2 7.86 260 136 137 6.40 0.045 2.12 - 0.05 - 98
23 June
1 7.54 260 129 135 6.64 0.032 0.85 - 1.15 - 97
2 7.91 225 109 114 3.80 0.015 0.73 - 0.53 - 20
6 July
1 7.85 252 134 137
2 3.51 214 114 115
20 July
1 8.10 238 121 136
2 7.82 235 117 130
3 August
1 7.50 295 152 158
2 7.70 268 140 146

dparameter not sampled.




Appendix L. [continued).

pH Conductivity Alkalinity Total Dissolved Total TKN 504 Fe K Ca
(umhos/cm) Hardness Oxygen P Hardness
-------------------------------------------- PPM === e mm mm e e e e e e e e ee
17 August
1 7.20 290 186 194 3.76 0.040 1.16 4 2.46 - 144
2 7.40 250 160 163 3.66 0.025 1.04 3 2.10 - 124
2 September
1 7.24 305 160 172 2.50 0.050 1.13 3 2.44 0.80 -
2 7.65 290 154 164 6.20 0.034 1.02 3 0.490 0.70 -
14 September
1 7.50 342 164 172 5.00 0.048 1.10 4 1.10 2.60 -
2 7.60 326 158 163 5.40 0.030 0.8¢ 4 0.75 2.50 -
28 September
1 7.90 326 166 169 8.60 0.037 0.92 4 0.68 0.60 -
2 8.00 319 164 163 9.00 0.025 0.96 3 0.62 0.80 -
19 October
1 7.80 270 146 144 8.30 0.022 0.80 3 0.30 0.60 -
2 7.90 280 145 148 9.10 0.020 0.72 2 0.24 0.60 -
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Appendix M. ‘later quality data collected from 3 sample points on Orrock Lake, Sherburne Natioral Wildlife Refuge, 8 June-19
October 1981.

pH Conductivity Alkalinity Total Dissolved Total TKN 504 Fe K Ca
(umhos/cm) ) Hardness Oxygen P Hardness
-------------------------------------------- oo I L L P P P PP
8 June
1 9.4 140 78 79 9.1 0.045 2.0 - 0.25 -2 45
2 9.0 170 92 92 9.1 0.035 1.2 - 0.25 - 64
3 10.3 154 938 101 7.2 0.085 1.7 - 1.50 - 77
23 June
1 10.0 122 61 67 13.5 0.012 ¢.3 - 0.20 - 31
2 9.5 154 83 85 12.7 0.045 0.8 - 1.25 - 58
3 9.9 152 83 92 12.7 0.105 0.6 - 1.55 - 62
6 ouly
1 9.8 124 67 63 9.5 0.025 0.8 .0 0.42 - 4
2 9.6 138 70 70 9.5 0.046 1.2 2.0 0.92 - 44
3 7.4 226 116 117 2.5 0.782 1.6 2.0 4,20 - 90
20 July
1 8.0 176 87 a6 7.0 0.050 1.3 1.0 0.45 - 64
2 9.0 145 68 i 30 9.2 0.040 1.1 1.0 0.19 - 50
3 7.5 200 93 108 3.2 0.190 1.3 3.0 1.39 - 78

dparameter not sampled.
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Appendix M.

(continued).

ph Conductivity Alkalinity Total Dissolved Total TKM SO4 Fe Ca
(urahos/cm) Hardness Oxyaen P Hardness
-------------------------------------------- o e e e P P e T
3 August
1 8.4 170 94 96 8.3 0.030 1.1 1.0 0.30 - 64
2 9.0 144 76 82 8.5 0.035 1.1 1.0 0.30 - 50
3 7.7 198 106 108 4.4 0.125 1.4 2.0 1.40 - 76
17 August
1 9.1 114 72 80 8.1 0.03 1.2 1.5 0.35 - 44
2 9.5 107 70 70 8.2 0.02 1.0 1.0 0.40 - 40
3 8.3 155 92 98 5.6 0.125 1.3 3.5 1.66 - 70
2 September
1 8.4 162 84 90 8.5 0.075 1.9 0.4 0.11 1.0 -
2 8.3 165 88 92 8.5 0.025 1.0 0.6 0.10 1.0 -
3 8.6 175 94 100 8.8 0.080 1.5 0.5 0.60 2.0 -
14 September
1 8.5 182 86 92 7.9 0.020 0.9 0.5 0.18 2.0 -
2 8.3 189 90 94 6.4 0.045 1.0 0.7 0.30 2.0 -
3 9.8 144 74 78 12.2 0.118 1.4 0.6 1.12 3.0 -
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Appendix M. (continued).

pH Conductivity Alkalinity Total Nissolved Total TKN SO Fe K Ca
(umhos/cm) Hardness Oxvagen P Hardness

28 September

1 3.3 225 110 110 9.9 0.025 1.0 1.0 3.24 0.3 -

2 8.7 218 104 104 11.2 0.027 1.0 1.0 0.32 0.9 -

3 8.6 231 122 116 12.0 0.065 1.1 1.0 1.14 0.8 -
19 October

1 8.1 214 113 112 9.6 0.020 0.9 1.0 0.14 0.9 -

2 8.3 218 113 112 10.7 0.030 0.9 2.0 0.41 1.0 -

3 8.3 215 111 112 10.8 0.032 0.8 3.0 0.49 1.0 -
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Appendix N, Chemical composition of wild rice (Zizania aquatica) flag leaf samples removed from 3 stands of wild rice, Sherburne
National Wildlife Refuge, 23 July-4 August 1981.
Percentage of dry weicht Dry weight (ppm)
Location B K Ca ‘a Na In B Mn Fe Cu Al
Josephine (N=80)
1 3.62 0.33 1.60 0.50 0,11 0.26 0.03 13 9.2 206 132 3.5 68.3
2 4.18 0.39 1.90 0.49 0.12 0.27 0.07 13 8.2 174 147 2.3 68.4
3 4,11 0.37 1.34 0.62 0.13 0.28 0.04 17 9.1 198 129 4,1 68.4
4 4.01 0.39 1.88 0.67 0.15 0.26 0.07 12 8.9 342 206 2.3 69.0
Johnson (N=40)
1 4,38 0.38 1.98 0.50 0.10 0.28 0.03 18 9.5 150 251 2.t 68.2
2 3.90 0.35 1.59 0.63 0.11 0.27 0.11 18 10.0 161 7 3.3 68.2
Orrock (N=60)
1 4.62 0.45 1.84 0.52 0.13 0.29 0.26 19 13.7 106 231 4.8 119.0
2 4.29 0.36 1.70 0.73 0.14 0.28 0.04 14 11.7 151 129 2.4 69.3
3 4.34 0.36 1.96 0.71 0.17 0.30 0.05 15 14.3 142 154 2.4 68.0
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Appendix 0. Results of sediment samples taken on Lake Josephine, Johnson Slough, and Orrock Lake, Sherburne National ildlife Refuge,
October 1980.

NO3
Sel. b N02
pH SMP oM p K Ca Mg B Mn S Salts Na In C1 NHA-N N
------------------- PpM ===---oemmmmamm e umhos/cm. mmmmmemoseseoee DPM m=mesmmemmeeeeoo
Josephine
1 7.0 --¢ 314 0.5 28 1650 500 1.2 15 3.0 180 70 0.25 41,59 8.58
2 6.9 -- 314 0.5 23 1900 450 1.8 18 4.0 119 140 0.25 44,34 13.74
3 7.0 -- 269 0.5 23 1900 425 1.5 21 3.5 1190 140 0.25 62.66 14.19
4 7.0 -- 269 0.5 20 1875 475 1.4 20 4.5 11 150 0.25 25.5 47.12 12.41
5 7.1 -- 269 0.5 15 1875 500 1.5 14 3.5 100 160 0.25 26.71 8.81
6 7.0 -- 269 0.5 15 1800 375 2.0 15 6.5 99 11¢C 0.23 56.90 9.58
7 7.1 -- 269 0.5 18 1875 475 1.2 15 8.5 e0 120 - 58.24 11.08
Johnson
8 6.5 6.9 314 0.5 13 1700 225 1.6 30 2.5 30 105 18.2 38.20 9.80
9 6.4 6.5 314 0.5 20 1850 375 1.6 50 1.0 30 135 18.5 60.57 10.45
10 5.7 6.4 269 0.5 13 1650 250 1.5 75 1.5 20 85 18.5 21.0 52.10 10.08
11 5.7 6.0 314 0.5 15 1700 350 2.0 85 2.5 30 120 22.0 70.20 10.30
12 5.6 5.9 269 0.5 20 1600 275 1.6 65 3.0 75 160  14.5 47.90 8.81

gMetric tons/ha.

Composite sample analysis.
§Va1ue could not be determined.
Parameter not sampled.
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Appendix 0. (continued).

NO4

a Sol. b N02

pH SMP 0.1, P ¢ Ca Mg B Mn S Salts Na n C1 NH,-N N
-------------------- PPM mmmmmmmmmm e ememee umhos/cm. memmmmemmeceoe DDM mmmmmme———mm—ee-

Orrock

13 6.5 6.5 269 0.5 20 1800 450 2.0 25 1.5 100 140 8.0 165.10 14.01
14 6.9 -~ 314 0.5 12 1900 475 1.9 15 2.5 90 155 3.3 75.12 10.63
15 6.7 6.7 314 0.5 32 1850 550 1.5 18 3.5 100 160 2.8 122.40 11.24
16 6.7 . 6.8 314 0.5 290 1850 425 2.7 25 1.5 125 165 7.8 22.5 82.90 9.88
17 6.8 6.8 314 0.5 20 1800 375 2.0 30 1.5 100 110 3.0 85.95 8.83
18 6.6 6.7 269 0.5 15 1650 275 2.0 22 1.5 90 98 - 62.75 9.52
19 6.9 -- 314 0.5 1o 1750 450 2.0 13 3.5 90 123 - 107.30 15.26
20 7.0 -- 269 0.5 23 1800 525 2.1 9 4.5 100 160 1.8 68.60 11.79
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Appendix P. Results of sediment samples taken on Lake Josephine, Johnson Slough, and Orrock Lake, Sherburne Natiznazl Wildlife Refuge,
October 1981. '

w03
Sol. 05
pH sMp 0.3 P K ta Mg B Mn S Salts Na In T NN N
---------------------- PPM ======--=--ec--ceo--- ymhos/cm. memmmemmmmmmeeae DDM meemesceeseeee
Josephine
1 7.8 .-b 230 0.5 19.0 6000 340 1.4 9.5 51.5 34 65 0.5 Z.% 31.5 31.5
2 7.8 -- 230 0.5 21.5 6225 360 0.9 7.0 40.0 35 65 0.5 I.8 36.0 53.0
3 7.8 -- 280 0.5 14.0 5400 325 1.3 7.5 16.25 28 60 0.5 1.t 23.0 1.0
4 7.8 -- 280 0.5 11.5 5625 325 1.5 6.5 4.5 26 55 0.75 z.0 7.5 4.5
5 7.8 -- 280 0.5 14.5 5239 340 1.4 5.0 47.75 34. 55 0.5 3.2 15.5 8.5
6 7.7 -- 280 0.5 16.5 5625 300 1.05 5.5 57.5 33 60 0.5 z.0 23.5 4.0
7 7.7 -- 280 0.5 13.0 5490 260 1.1 5.5 20.75 27 60 0.5 2.0 21.5 7.0
Johnson
8 6.2 7.2 280 1.0 20.0 4650 360 1.8 55.5 24.25 25 60 18.75 2,5 21.5 2.5
9 6.3 7.1 280 1.5 18.5 4530 345 1.95 68.5 20.00 21 60 16.00 e 12.5 <3.5
0 5.9 6.7 280 2.0 22.5 3375 345 2.00 73.0 17.5 15 70 14.00 z.C 18.5 5.0
11 6.2 6.9 280 2.0 27.5 4350 360 1.8 87.0 20.5 24 65 16.75 3.z 28.0 5.0
12 6.0 6.7 280 2.5 15.5 3750 310 1.7 58.5 15.0 20 65 16.00 3.z 19.0 4.0

qetric tons/ha.
Value could not be determined.
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Appendix P.

(continued).

Sol. N02
pH  sMp om.@ Ca Mg Mn Salts Na n Cl NH,-
---------------------- pPPM =====c==ceecemeeemoo- umhoS/CM.,  =====c--c-==cc=ec DPM ---==-e-c-m=--
Orrock

13 7.2 -- 280 2.0 20.5 600 425 1.0 32.0  21.75 32 70 7.5 3.0 13.0 12.5
14 7.5  -- 280 0.5 19.0 6752 410 1.3 11.0  53.25 38 35 .75 3.0 23 11.5
15 7.6 -- 280 0.5 17.0 6825 390 1.6 9.5  23.00 33 75 3.75 2.0 35.5 <0.5
16 7.5 - 280 1.0 16.0 6373 340 1.4 12.5  54.00 41 70 5.25 2.5  10.5 8.0
17 7.6 - 280 1.0 17.5 60" 350 1,55 22.0  37.5 38 65 37.50 1.5 19.90 3.0
18 7.8 -- 280 1.5 29.0 5857 360 1.4 17.5  22.25 31 70 7.25 3.0 17.0 5.5
19 7.9 -- 280 0.5 15,0 5137 260  1.05 25.0  13.25 33 60  5.25 2.0 22.% 6.5
20 7.9 -- 280 0.5 29.5 675 425  1.40 15.0  17.00 33 75 3.25 1.5  35.5 23.5
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Aopendix P, (continued).

%

dfy exchangeable K Fe
matter = eccemeeea- ppMm =----e---
Josephine
1 21.2 32.5 20
2 19.5 32.5 20
3 14.4 22.5 20
4 14.4 20.0 15
5 18.7 20.0 15
6 19.5 25.0 25
7 19.4 22.5 45
Johnson
3 15.2 30.0 3102.5
g 16.2 30.0 2805
10 18.4 7G.0 2210
11 16.3 37.5 3782.5
12 14.8 20.0 2380
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Appendix P. (continued).

%

dry cxchangeable K Fe
matter = -eemeee--- ppm =-=--===
Orrock

13 13.5 35.0 >4250
14 16.3 35.0 765
15 18.8 35.0 1955
16 16.3 30.0 2295

17 14.1 32.5 4037.5

18 13.3 45,0 3017.5
19 13.5 25 2635
20 18.6 47.5 1020
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Appendix Q. Vegetation analysis of 3 wild rice beds on the Sherburne National Wildlife Refuge, 11-23 July 1980,

Rice Bed Lake Josephine Johnson Slough Orrock Lake (West Bay)

Location  State Minnesota Minnesota Hinnesota
Township 34 N 34 N 34 N
Range 27 W 27 & 28 W 27 W
Section 3& 10 6 &1 7

Species % Cover % Freauency % Cover % Frequency . Cover % Frequency

Brasenia schreberi -
CeratophyTTum demersum
Cyanophyceae
Eleocharis spp. - - 0.
Lemna minor
Najas flexilis
Nuphar variegatum + + +
Nymphaea odorata
halaris arundinacea
Potamogeton berchtoldi 2 6
Potamogeton gramineus + +
+
+

38.0 100.0

oo

—w
.

O+ +

[$2 Niew]
O
—
—

0o
O
~
($2)
o
O
@®

OO
[Ne N,
nN
o — W
1

Potamogeton natans +
Potamogeton zosteriformis +
Sagittaria latifolia
Sparganium eurycarpum
Unknown

Utricularia vulgaris
Zizania aquatica

+ 4+ 4+ 01t N+ PO+ +

[
1
P

QWO OO
n N O
ES ]
w o
t o
1
]

—
NOOOD

O oo
1)
'

n=236 n=132 n=16

aSpecies not encountered
Species occurred in the bed without sufficient abundance to be encountered in the plots.
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Appendix R.

Vegetation analysis ¢f 3 wild rice beds

on the Sherburne National “ild1ife Refuge, 10 July-4 August 1521.

Rice Bed Lake Josephine Johnson Slough Orrock Lake (West Bay) Orrock (Lake Proper)
Location State Minnesota Minnesota Minnesota Minnesota
Township 34 N 34 N 34 N 340
Range 27 W 27 & 28 W 27 W 27
Section 3&10 6 &1 7 7
Species * Cover % Frequency % Cover % Frequency % Cover % Frequency % Cover . Frequency
Brasenia schreberi -a - <7 + - - - -
Ceratophyllum demersum 16 62 3 26 a3 100 14 15
Chara vulgaris 2 1 - - - - - -
Cyanophyceae 5 5 15 3 37 4 25 6
Eleocharis spp. - - - + - - - -
Lemna minor 4 55 2 2 6 13 - -
Leersia orizoides - - - - 2 4 - -
Lysimachia thyrsiflora 2 1 - - 2 4 - -
Myriophyllum spiatum 2 1 - - - - - -
Najas flexilis 22 55 25 47 - - 52 100
Nuphar variegatum + + + + - - 15 3
Nymphaea odorata + + 37 3 26 8 38 41
Phalaris arundinacea + + - - - - - -
Potamogeton berchtoldi 47 88 23 11 2 8 - -
Potamogeton longiligulatus - - 23 44 - - - -

a

t’Specw'es not encountered,

Species occurred in the bed without sufficient abundance to be encountered in the plots.
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Lppendix R. (continued).

Rice Bed Lake Josephine Johnson Slough Orrock Lake (%est Bay) Orrock (Lake Proper)
Location State “innesota Minnesota Minnesota finnesota

Township 34 N 34 N 34 N 34 N

Range 27 27 & 28 W 27 Y 27 W

Section 2210 6 &1 7 7
Species * Cover Frequency % Cover % Frequency % Cover ° Freguency % Cover % Frequency
Potamogeton zosteriformis 12 23 13 29 15 8 17 65
Sagittaria latifolia + + + + - - +
Sparganium eurycarpum 2 1 - - - - - -
Spirodela polyrhiza 3 4 + + - - - -
Unknown 2 1 - - - - - -
Utricularia vulgaris 20 11 10 8 2 4 2 3
Zizania aquatica 15 100 9 78 5 20 11 29
Zizania aquatica (debris) 15 72 20 10 - - - -

N=214 N=126 N=48 N=68
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Appendix S. Sampling intensity and general conditions of wild rice beds on 3 study sites at the Sherburne
National Wildlife Refuge 11-23 July 1980, and 10 July-4 August 1981.

Location Lake Josephine Johnson Slough Orrock Lake
N 236/219° 132/126 16/116
Average number of 52/49 18/14 <1/ <«1
stems /m2

S.D. 3.99/2.96 1.43/0.89 1.81/1.42
Var. 15.92/8.77 2.04/0.79 3.28/2.01

Sampling intensity
Total wild rice area

% damage visible on
rice plantb

% in blossom

16 samples/ha/15 samples/ha
14.45 ha

none observed/30

7/0.9

11 samples/ha/11 samples/ha
11.70 ha
53.8/60

0.01/0

12.4 samples/ha/45
1.29 ha/2.58 ha
29/67

0/12

31980/1981.
Damage included

plants eaten by birds and/or mammals, insect depredation, and ergot infestation.
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Appendix T. Percent occurrence, average density rating, and mean density rating for stratified random samples of submerged aquatics
in Orrock Lake, Sherburne National ildlife Refuge, 5-7 October 1980.

Location West Bay North Bay Lake Proper
N=4 N=4 N=42
Area (open 9.27 ha 9.3 ha 62.58 ha

water only)

Sample number? 1,2,3,4 9,10,11,12,15 5,6,7,8,10,13,14...50
Species : averageb mean density g average mean density B average mean density
occurrence sample rating occurrence sample rating occurrence sample rating for
density all samples denisty all samples density all samples
rating taken with rating  taken with rating taken with
this section this section this section
Ceratophyllum demersum 100 3.25 3.25 -¢ - - 4 3.00 0.142
Chara vulgaris - - - - - - 16 3.42 0.571
Najas flexilis - - - 75 2.66 2.00 50 1.80 0.904
Nitella spp. - - - - - - 4 1.00 0.047
Nuphar variegatum - - - - - - 26 1.81 0.476
Nymphaea odorata 50 1.00 .50 50 2.50 1.25 45 1.80 0.857

gSee Appendix.
Density rating of 4=heavy, 3=moderate, 2=scattered, l=sparce.
CSpecies did not occur in random area sampled.
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Appendix T. (continued).

Location West Bay North Bay Laxe Proner
N=4 N=4 =42
Area (open 9.27 ha 9.3 ha 52.5C nz
water only)
Sample number® 1,2,3,4 1,10,11,12,15 5,6,7,¢,11,23,14,..50
Species : averageb mean density % average mean density “ average mean density
occurrence sample rating for occurrence sample rating for occurrence sample rating for
density all samples density al! samples density all samples
rating taken within rating taken within rating taken within
this section this section this section
Potamogeton pectinatus - - - - - - 23 2.30 0.547
Potamogeton zosteriformis 75 2.00 1.50 75 2.66 2.00 40 2,35 0.952
Ruppia maritima - - - - - - 2 1.00 0.023
Scirpus acutus - - - - - - 19 3.00 0.571
Sparganium eurycarpum - - - - - - 2 1.00 0.023
Spirogyra - - - - - - 14 2.16 0.309
Utricularia vulgaris 25 1.00 0.50 50 1.50 0.50 33 1.85 0.619

Zizania aquatica 100 2.00 2.00 25 1.00 0.25 2 1.00 0.023
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Appendix U. Wild rice head and seed analysis, prior to and post harvest, on Lake Joseghine, Sherburne National “4iidlife Refuge
1980.

Prior to Harvest . Post Harvest
Harvest Section Unharvested Section Harvest Section Unharvested Section
s A %
Total number of
heads examined 387 - 331 - 209 - 299 -
Number of tight
full heads 362 94 287 87 152 53 200 67
Number of crow-
feot heads 25 6 44 11 137 47 99 33
Total number of
seeds examined 46,286 96 47,979 96 7,271 18 10,685 21
Total number of
pedicels without
seed 2,020 4 2,076 4 34,115 82 38,577 79
Total number of
seeds on heads 48,306 - 50,025 - 41,386 - 49,162 -

Average number
of seeds per
head 125 - 130 - 143 - 164 -

17




Appendix V. Wild rice
1981.

head and seed analysis, prior to and post harvest on Lake Josephine, Sherburne fational Wildlife Refuge

Prior to Harvest

Post Harvest

Harvest Saction Unharvested Section Harvest Section Unharvested Section
Total number of
heads examined 250 - 276 - 276 - 265 -
Number of tight
full heads 225 90 240 87 213 77 201 76
Number of crow-
foot heads 25 10 36 13 63 23 64 24
Total number of
seeds examined 22,076 98 20,441 96 4,009 18 6,796 25
Total number of
pedicels without
seed 529 2 846 4 18,842 82 20,502 75
Total number of
seeds on heads 22,605 - 21,287 - 22,851 - 27,298 -
Average number
of seeds per
head 90 - 77 - 83 - 103 - S




Appendix W, Condition of

examined seeds, prior to and post harvest, from Lake Josephine, Sherburne National Wildlife Refuge 1980.

Prior to Harvest

Harvest Section Unharvested Section

Post Harvest

Harvest Section Unharvested Section

Number of undeveloped
seeds examined

Average number of
undeveloped seeds
per head

Number of fully
developed seeds
examined

Average number of
fully developed seeds
per head

Number of depredated
seeds examined

Average number of
depredations per
head

44,459 96.0 45,197 94.28

115 - 117 -

1,779 3.88 2,668 5.5

47 0.1 76 0.2

0.121 - =~ 0.197 -

323 11.13 607 5.7

2.84 - 2.03 -

3,693 50.8 6,929 65

123 2 123 1

0.43 - 0.411 -

9.




Appendix W. (continued,.

Prior to Harvest

Post Harvest

Harvestz: Section Unharvested Section Harvested Section Unharvested Section
Number of seeds
infected with ercot 10 0.02 8 0.02 5 0.07 5 0.05
Average numbey of
ergot infections
per head c.2: - 0.02 - 0.02 - 0.016 -
Number of partig}ly
developed seeds” - - - - 2,627 36 3,021 28.25
Average numbeyr of
partially develoned
seeds per head?® - - - - 9 - 10 -

aData only anclicable

t0 post--2-,est seed heads.
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Appendix X. Condition of examined seeds, prior to and post harvest from Lake Josephine, Sherburne National 4ildlife Refuge 1981.

Prior to Harvest

Harvest Section

Unharvested Section

Post Harvest

Harvest Section Unharvested Section

Number of undeveloped
seeds examined

Average number of
undeveloped seeds
per head

Number of fully
developed seeds
examined

Average number of
fully developed seeds
per head

Number of depredated
seeds examined

Average number of
depredations per
head

21,507

86

454

97.4

2.0

20,167

73

206

o

98.6

1.0

8as 21 1,575 23.2
3.05 - 5.94 -
439 11 1,190 18.0
1.59 - 4.49 -
183 4.6 325 4.78
0.66 - 1.22 -
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Appendix X. (continued;.

Prior to Harvest

Harvest Section Unharvested Section

Post Harvast

Harvest Section Jnrzr.ested Sectior

Number of seeds
infected with ergot 1 - 0 -

Average number of
ergot infections
per head 0.4 - 0 -

Number of partially
developed seeds? - - - -

Average number of
partially developed
seeds per head? - - - -

~
o
N
o
[
o
D
~y

0.025 - 2,007 -

2,536 63.2 3.708 54

4pata only applicable to post-harvest seed heads.
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Appendix Y. Number of invertebrates per wild rice (Zizania aquatica) plant from 3 wild rice marshes, Sherburne National

Wildlife Refuge, June-September 1981.

Josephine Johnson Orrock
July  Aug June  July Aug Sept June  July Aug Sept

Amphipoda

Hyalella azteca 1.0 0.8 0.6 0.4 0.3 1.6 - 0.8 6.3 0
Arachnida 0 0 0 0 0 0 - 0 0.3 0.2
Chironomidae 1.9 0.8 19.0 19.5 27.0 3.0 - 3.8 0.6 0.3
Coleoptera

Curculionidae 0 0 e 0.1 0 0.1 - 4] 0 0

Unknown 0.1 0 0.1 0 0 0 - 2 0 0
Hemiptura

Gerridae sp 0.1 0 0 0 0 0 - a 0 0

Mesovelia sp 0 0 0 0 0.3 0.1 - ¢ 0 0

Plea striola 0 0 0 0 0 0 - 0.2 0 0

Unknown 0.1 0 0 0 0 0 - 4] 0 0
Hirudinea 4.0 0.8 1.7 3.8 9.3 1.3 - 3.4 7.6 0.6
Lepidoptera

Apamea apamiformis 0 0.3 0 0 0 0 - 0.2 0 0
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Appendix Y. (continued).

Josephine Johnson Orrock
June  July  Aug Sept June July Aug Sept June July Aug  Sept
Mollusca
Gyraulus sp. - 2.1 1.4 - 0.1 2.1 2.0 0.3 - 4.8 0.6 1.3
Heliosoma sp - 0.4 0.1 - 0 0 0 0 - C 0 0
Physa sp - 0.3 0.4 - 0.4 0.2 0 0.2 - e 0 0.2
Sphaerium sp - 0.1 0 - 0 0 0 0 - 0 0 0
Valvata sp - 0.3 0.1 - 0 0 0 o} - J 0 0
Tricoptera
Qecetis sp - 0 0 - 0 0 0.3 0 - 0.2 0.3 0
- N=T13 N=7 - N=T0 N=7 N=3 N=6 - RE N=3  N=6

o samples taken.
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Appendix Z. Amount of wild rice harvested from Lake Josephine,
Sherburne National Wildlife Refuge, 1980 and 1981.

Weight of % Recovered Weight of
Date Green Rice After Processing Processed Rice
kg kg
29 Aug 269.43 34 91.60
1 Sept 504.63 38 191.75
5 Sept/6 Septa 220.44/330.22 36.5/38 80.46/125.48
8 Sept/8 Sept 444,07/216.82 39/37 173.18/80.22
11 Sept/11 Sept 249.48/216.82 37b/40 92.30/86.72
14 Sept/15 Sept 234.05/110.22 37b/39 86.59/42.98
Total 1922.10/874.08 715.88/335.40
a
b1980/1981.

% recovered is based on the average rates reported from 29 August-
8 September 1980.




Appendix AA. Economic value of harvested wild rice from Lake Josephine,
Sherburne National Wildlife Refuge, 1980 and 1981.

Price/kg Paid Total Weight Harvester's

Date To Harvesters Harvested (kg) Pay
29 Aug $1.10 269.43 $296.37

1 Sept 1.10 504.63 555.09

5 Sept/6 Septd 1.32/2.64 220.44/330.22 290.98/873.60

8 Sept/8 Sept 1.32/2.64 444.07/216.82 586.17/572.48
11 Sept/11 Sept 1.32/2.64 249.48/216.82 329.31/572.48
14 Sept 1.76/2.64 234.05/110.22 411.92/291.60
Total 1922.10/874.08 $2469.84/$2310.16

31980/1981.



Appendix BB. Harvested seed weights with hulls and awn$ on Lake Josephine, Sherburn National Wildlife
Refuge, 1980 and 1981.

Date N Average weight/100 seeds S.D. Variance % Undeveloped % Depredated
(gm)

29 Aug 5000 3.1 0.3 0.1 14.0 0.9

1 Sept 5000 2.9 0.2 0.1 11.4 1.9

5 Sept/6 Sept? 5000/3100 3.0/3.5 0.1/0.3 0.02/0.1 15.9/9.5 2.1/6.8

8 Sept/8 Sept 3100/3100 3.0/3.3 0.1/0.4 0.01/0.1 13.9/6.2 3.7/3.5
11 Sept/11 Sept 3100/3100 3.0/3.7 0.1/0.3 0.01/0.1 16.1/12.8 3.2/4.4
14 Sept/15 Sept 3100/3100 3.0/3.5 0.1/0.3 0.01/0.1 12.0/16.7 3.8/7.8

41980/1981.
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Appendix CC. Size of harvested wild rice in Lake Josephine, Sherburne National Wildlife Refuge, 1980

and 1981,
Date N Average seed size S.D. Variance
(mm)

29 Aug 200 13.1 1.8 3.2

1 Sept 182 13.1 1.8 3.1

5 Sept/6 Sept® 182/182 12.7/14.2 1.7/2.11 2.9/4.48
8 Sept/8 Sept 182/182 12.5/14.7 1.8/1.94 3.2/3.78
11 Sept/11 Sept 182/182 12.1/14.1 1.7/2.13 2.3/4.54
14 Sept/15 Sept 182/182 11.3/13.84 1.5/2.03 2.3/4.15

a
1980/1981.
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