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Abstract

The presence or absence of certain species and families of macrophytes can be compared to the water
chemistry of aquatic habitats to determine if any relationships exist. Because trends exist, macrophytes can be used
as an indicator of a body of water’s productivity. This study included 21different sites ranging from bog-like
condition to more ncutral lake conditions. Two crecks were also included in the study. Water chemistry tests
included: pH, alkalinity, conductivity, O, sulfide, color and secchi depth. The results of the water chemistry test
were then compared to the 72 different families and the 240 species collected in the sites. By comparing the water
chemistry and the presence or absence of certain macrophytes, significant trends were observed and indicate a
drastic difference of macrophytes present for certain water characteristics.
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Macrophyte and Water Chemistry Trends

Introduction

Since its beginnings in the early years of the twentieth century, the development of freshwaiter
biomonitoring has been considerably slower than some of the other branches of science that emerged at about the
same time. However, in recent years with the greater concern for the environment, biomonitoring has made
substantial progress and may have come of age because of the recent adoption, by North American and European
governments, of national programs of environmental monitoring and assessment that include the use of aquatic
biota {Rosenberg 1993). Freshwater biomonitoring is necessary because it is important to be abie 1o determine the
effects industries and humans are having on wetland environments. It is especially important {o monitor the aquatic
vegetation because it plays a more profound role in the biology of the water realm than would terrestrial plants in
the biology of the terrestrial world since the water environment is more lirnited (Sculthorpe 1967). One of the
ways for determining the effects of external factor on wetlands is through the use of macrophytes as indicators of
water chemistry.

Aquatic plant species, like most aquatic organisms, are more widely distributed than terrestrial organisms.
This is primarily true because the factors or conditions to which aquatic plants adjust are, in general, more uniform
than on land. Yet species are selective of their habitat, so much so that a combination of species often can be used
as an index of the physical-chemical nature of the habitat (Prescott).

Although, many of the bodies of water at UNDERC have been chemically characterized, the relationships
between the species of macrophytes present and the chemical composition for the lakes has not been fully studied.
In 1996, a study at UNDERC looked at the relationship of macrophytes and the physical.chemical characteristics of
ten bog-like habitats and three lakes(Francl 1996). Many interesting trends were found and therefore, this study
will be a continuation with an emphasis on lakes as eight lakes and two streams have been chosen for sampling.
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Macrophyte and Water Chemistry Trends

Materials and Methods
Materials

Plant press with corrugated cardboard, newspapers, and blotter sheets, approximately 12" x 18"
Microscope (magnification at least x 10)

Garden tools (small spade, clippers, and dandelion digger)

Ziploc storage bags, gallon-size and sandwich bags

Wax paper

Water-resistant labeling tape

Fine point water-resistant marker or pencil

Hach Chemistry Kit

Dissolved oxygen-temperature meter

Van Dorn sampler

Conductivity meter

Portable pH meter

Secchi disc

6-ft. Rake with mesh wiring on the comb end

Snorkel and fins

500 ml plastic bottles

Computer to compile data

Dichotomous keys for aquatic and terrestrial macrophytes Lab notebook to record data

SO OO OO OO

Methods

In order to expound upon last year’s study, bodies of water with higher pH’s were chosen instead of the
more bog-like conditions. Therefore, for this study eight lakes and two streams were selected as the sites for
sampling. The eight chosen lakes are Bay, Bergner, Kickapoo, Mullahy, Nansen, Raspberry, Tenderfoot Lake and
Ward, The sites for the stream sampling are Tenderfoot Creek (near gravel pit) and Brown Creek (near where the
road crosses). Last years sites included Tender Bog, Bolger, Ed’s Bog, Bogpot, Forest Service Bog, Tuesday,
Humming bird, Reddington, Northgate Bog, and Cranberry. The three lake sites were Brown, Crampton and
Morris.

During the ten weeks of UNDERC two samples were taken of the water chemistry and macrophytes. The
first sampling took place June 1-4, 1997, while the second sampling was June 29- July 1, 1997. The lakes were
chemically characterized through assessing the pH, conductivity, Hach color, alkalinity, oxygen-temperature
profile, sulfide (only presence/absence) and secchi depth. Conductivity, pH, oxygen-temperature profiles were
conducted in the deepest part of the lake while, water samples (two at half secchi depth and two at surface) were
taken from the deepest part of each site and further tests were ran in the lab a few hours after collection. The
alkalinity and color were tested by using Hach kits. The macrophytes were collected at the same time the water
chemistry analysis was done. The entire plants were collected and placed in a separate plastic baggies. The bags
were marked with the date and site at which the plant was taken from. The collecting was done using a rake and
snorkeling for submerged plants, while garden tools were used for plants along the immediate shore (two feet } and
on the peatmats.

Upon collection of the macrophytes, the samples were returned to the laboratory and placed in a plant press
or refrigerated until time and presses permitted. Pressing the plants preserved them in a flattened fashion with the
moisture removed for later identification. The moisture is removed by placing the plant between newspaper and
blotter sheets, and allowing the plants to dry for several days. Once the plants are dried they were identified using a
dichotomous key and any new species will be placed in the collection of plants from UNDERC. After the bodies of
water had been chemically characterized and the macrophytes specific to each body of water were identified, the
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Macrophyte and Water Chemistry Trends

data was compiled using a computer and examined to determine any trends between water chemistry and the
macrophytes that are present or absent.
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Results (Results include data from Karen Francl 1996 and Christie Brown 1997)

wranidl Ay R prrmiage kv iy il L W Senwhaigp beritinsig

[

WATER CHEMISTRY DATA

Ph

The range of the mean pH extends from 4.2 at Northgate to 8.05 at Brown Lake (see Tablel).

Table 1: pH

SITE MEAN pH
Bay Lake 7.6
Bergner Lake 6.0
Bogpot 575
Bolger 7.1
Brown Creek 7.1
Brown Lake 8.05
Crampton 6.05
Cranberry 4.8
Ed’s Bog 47
Forest Service Bog 4.9
Hummingbird 4.8
Kickapoo Lake 7.6
Motris 7.25
Mullahy Lake 7.6
Nansen Lake 7.0
Northgate 4.2
Raspberry Lake 7.3
Reddington 6.25
Tender Bog 4.35
Tenderfoot Lake 7.9
Tenderfoot Creek 7.6
Tuesday 6.15
Ward Lake 1.6
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Conductivity

Conductivity is a measurement of the amount of dissolved jons in the water. The lowest recorded reading
was 4.9 uS/cm from Forest Service Bog, while Ward had the highest with 144.5 uS/cm (see Table 2).

Macrophvie and Water Chemistry Trends

Table 2: Conductivity

SITE CONDUCTIVITY (uS/cm) | CONDUCTIVITY (uS/cm)
First Sampling Second Sampling
Bay Lake 14.7 14.8
Bergner Lake 10.7 [1.6
Bogpot 13.4 g1
Bolger 30.3 282
Brown Lake 101 108.5
Brown Creek 788 105.4
Crampton 144 12.6
Cranberry 15.1 10.5
Ed's Bog 16.0 14.3
Forest Service Bog 3.0 49
Hummingbird 20.3 18.7
Kickapoo Lake 424 736
Morris 56.2 63.4
Mullahy Lake 86.0 110.3
Nansen Lake 211 316
Northgate 30.8 24.83
Raspberry Lake 11.4 1.3
Reddington 225 227
Tender Bog 26.4 23.0
Tenderfoot Creek 715 95.5
Tenderfoot Lake 76.7 B4.3
Tuesday 11.5 11.3
Ward Lake 1354 144.5
6
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Alkalinity

Alkalinity is an indication of the buffering capacity of a body of water. The alkalinity ranged from zero at
a number of the sites sampled to 58 (mg/L) at Ward. The majority of the sites indicate a poor buffering capacity

Macrophyte and Water Chemistry Trends

with alkalinity less than 10 (mg/L).

Table 3: Alkalinity

SITE MEAN ALKALINITY (mg/L)
Bay Lake 0.0
Bergner Lake 0.0
Bogpot 2
Bolger 12
Brown Lake 50
Brown Creek 47
Crampton 5
Cranberry 0.0
Ed’s Bog 3
Forest Service Bog 3
Hummingbird 1
Kickapoo Lake 395
Morms 27
Mullahy Lake 38
Nansen Lake 10.5
Northgate 0.0
Raspberry Lake 0.0
Reddington 10
Tender Bog 0.0
Tenderfoot Lake 335
Tenderfoot Creck 38
Tuesday 1.5
Ward Lake 58
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Secchi Depth

Secchi depths were taken to determine the amount of suspended particles in the water which influence the
depth that light is able to penetrate into the water. The measurements ranged from 0.6 meters in Reddington to 3.7

Macrophvte and Water Chemistry Trends

meters in Bay Lake (see Table 4},

Table 4: Secchi Depth
SITE SECCHI DEPTH SECCHI DEPTH
FIRST SAMPLING SECOND SAMPLING

Bay Lake 370 3.40
Bergner Lake 2.20 2.20
Bogpot 0.9 0.8
Bolger 09 095
Brown Lake 1.1 1.6
Brown Creck N/A N/A
Crampton 3.1 3.5
Cranberry 1.2 1.3
Ed’s Bog 1.2 1.6
Forest Service 1.2 23
Bog

Hummingbird 0.7 0.75
Kickapoo Lake 1.40 1.60
Morrs 1.0 0.7
Muliahy Lake 1.60 1.30
Nansen Lake N/A 1.40
Northgate 0.8 0.7
Raspberry Lake 2.60 2.70
Reddington 0.6 0.7
Tender Bog 12 1.6
Tenderfoot Creek N/A N/A
Tenderfoot Lake 270 350
Tuesday L5 1.75
Ward Lake 270 2.23

8
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Color

Color was also used as an indicator of the transparency of water to light.

Macrophyte and Water Chemistry Trends

In accordance with the secchi

depth resuits Bay had the lowest reading for color at 13.5 (PtCo); however, Northgate gave the highest reading at
402 (PiCo) (see Table 3).

Table 5: Color

SITE COLOR (PtCo) COLOR (PtCo)

First Sampling Second Sampling
Bay Lake 13.5 16
Bergner Lake 70 54.75
Bogpot 127 182
Bolger 144 145
Brown Lake 104 54
Brown Creek 104 76.5
Crampton 62 20
Cranberry 98 95
Ed’s Bog 114 140
Forest Service 51 36
Bog -
Hummingbird 217 74
Kickapoo Lake 90 66
Morris 208 183
Mullahy Lake 80.25 794
Nansen Lake 137.5 132.25
Northgate 402 239
Raspberry Lake 37.25 35
Reddington 298 246
Tender Bog 151 177
Tenderfoot Creek 69.5 71
Tenderfoot Lake 36.5 435
Tuesday 63 58
Ward Lake 58 56.5

9
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Macrophyte and Water Chemistry Trends

Sulfide

No significant amount of sulfide were detected in any of the sites except during the second round of
sampling in which Bogpot, Bolger and Tuesday showed signs of sulfide.

Oxygen and Temperature Profiles
All lakes from the 1997 sampling (Bay, Bergner, Kickapoo, Mullahy, Nansen, Raspberry, Tenderfoot Lake
and Ward) were supersaturated with oxygen. The highest point of saturation usually occurred around the 3 meter
mark for most of the lakes. Saturation had not been computed for the 1996 samplings.

Macrophyte Collection

The collection of macrophytes at the 23 sites yielded a total of 72 families and 240 different species. The
number of families and species for each lake are provided in table 6. The greatest diversity was found in the two
creeks, Brown and Tenderfoot, as the tended to have more families and species comparatively. The bogs generally
had the least diversity for family and species.

Table fi- Maﬂmpwmﬂ”"“'
SITE TOTAL FAMILIES TOTAL SPECIES
Bay 35 42
Bergner 25 28
Bogpot 22 34
Bolger Bog 20 32
Brown Creek 33 54
Brown Lake 24 39
Crampton 26 35
Cranberry 13 28
Ed’s Bog 10 22
Forest Service Bog 8 14
Hummingbird 18 3
Kickapoo 30 41
Morris 29 41
Mullahy 25 34
Nansen 20 32
Notthgate 3 20
Raspberry 25 43
Reddington 27 44
Tenderfoot Bog 13 24
Tenderfoot Creek 3l 41
Tenderfoot Lake 27 51
10
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Macrophvte and Water Chemistry Trends

Tuesday 23 39

Ward 22 36

In order to facilitate the attempt to find basic trend in macrophyte presence and water chemistry, the data in
organized into spreadsheets. The charts are as follows: #1- Mean pH, #2- Alkalinity, #3- Maximum Depth, #4-
Maximum Length, #5- Relative Size, #6- Mean Conductivity, #7- Secchi Depth, #8- Color.

MEAN pH

One of the most noticeable trends is in the family Asteraceae, the second largest family of flowering plants
in the world. Most of the species collected were found in habitats with a pH of 7.1 or higher, while only one species,
Aster lateriflorus (L.} Britt., was found in Tuesday which has a pH of 6.15. The family Ericaceae appeared to favor
the more acidic habitats with Vaccinium myrtilloides found only at or below pH 6.25. However, Vaccinium
macrocarpon was found only in habitats of pH 6 or higher. While, Vaccinium oxycoccus L. was found in a large
range of pH (4.2-7.6). Nymphacaceae was not found in habitats with a pH below 4.8. In the family
Potamogetonaceae, Potamogeton amplifolius Tuckerman, show trends of appearing only in more neutral habitats as
it was found in a pH range of 6.25-8.05. Few species of Potamogetonaceae were found below a pH of 6.25.
Sphagnaceae also had two different species showing the same trends. Sphagnum recurvum P.-Beauv. was found
only in habitats at pH 7 or higher while Sphagnum recurvum var. brevifolium was collected only in habitats with a
pH 6.15 or lower. Violaceae appeared to prefer more neutral habitats as the majority of the specimens were found in
habitats with a pH of 5.75 or higher.

ALKALINITY

Alkalinity, or the buffering capacity of a body of water appeared to be an important factor in determining
the presence of several species. Sagittaria latifolia Willd.(Alismataceae) was found only when alkalinity was at 5
(mg/L) or high and while in the family, Apiaceae, Cicuta bulbifera L. required an alkalinity of 38 (mg/L) and Daucus
carota L. was found in habitats with 2 (mg/L) or above. In Asclepiadaceae, Asclepias incarnata L. was collected in
sites above 10 (mg/L.). The family of Asteraceae appeared to prefer higher alkalinities of 27 (mg/L) or greater with
the only exceptions occurring in Raspberry which did not have any aikalinity. The family of Hydrocharitaceae with
Elodea canadensis Michx. and Vallisneria americana Michx. also showed trends of higher alkalinity as it was only
present if site with alkalinity greater than 33 (mg/L). Prunella vulgaris L. and Scutellaria integrifolia L. of
Lamiaceae and member of the family Lemnaceae also preferred alkalinities greater than 10 (mg/L). In the family
Sphagnaceae, Sphagnum recurvum P.-Beauv. was found in habitats with an alkalinities greater that 10 (mg/L).
While, Sphagnum recurvum var. brevifolium was found only in habitats with an alkalinity of 3 (mg/L) or less. The
family Urticaceae with Urtica dioica L. and Urtica urens L. were only found in habitats with alkalinities of 38 (mg/L)
or above.

MAXIMUM DEPTH
Maximum depth of a body of water did not have any significant effect on the species of macrophytes
present as many of the specimens were collected on the immediate shores or in the littoral zones.

MAXIMUM LENGTH
Maximum length also does not appear to be a good indicator of macrophyte presence as much of the data
appeared to be random and may be a better indicator of quantity which was not studied.

RELATIVE SIZE

Relative size also did not appear to be a good indicator of the presence of macrophytes and may possibly be
a better indicator of relative abundance or how prevalent a macrophyte is for a specific type of environment.
Relative size may also be looked at and possible trends could be made that the large the bodies of water tend to have
more species and families present.

11
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Macrophvte and Water Chemistry Trends

CONDUCTIVITY

Conductivity may be a delermining factor in the presence of Cicuta bulbifera L. (Apiaceae) as no specimens
were found in habitats with less than 58 (uS/cm). Asclepias incarnata L. (Asclepiadaceae) also appears to favor
habitats with greater than 29 (uS/cm). The majority of species in Asteraceae were also found in habitats with greater
than 40 (uS/cm} with the major exceptions occurring in Raspberry. Ceratophyllum demersum L. (Ceratophyllaceae)
also showed a tendency towards higher conductivity levels as it was only collected in habitats above 29 (uS/fcm).
Many of the species in Ericaceae were found in great abundance in sites with less than 3¢ (uS/cm). Elodea
canadensis Michx. and Vallisneria americana Michx. in the family, Hydrocharitaceae, also tended to be present only
in habitats with greater than 40 (uS/cm). All specimens in the family isoetaceae were found in habitats with less
than15 (uS/m). Most species of Potamogetonaceae inhabited waters with a conductivity over 20 (uS/cm).
Potamogeton gramineus L. and Potamogeton robbinsii Oakes were the two exceptions as they were found in sites
with conductivities less than 12 (uS/cm). The species of Ranunculaceae was only found in waters with a
conductivity over 20 (uS/cm). All species in Sphagnaceae showed trends. The majority were found in habitats with
conductivities of less than 29.4 (uS/cm), while only one species, Sphagnum recurvum P.-Beauv. was found in sites
with conductivies above 29.4 (uS/cm). Species in Urticaceae also appeared to favor waters with conductivities over
40 (uS/cm),

SECCHI DEPTH

The transparency of water to light seems to be a significant factor for the presence of Myriophyllum
sibiricurn Komarov (Haloragaceae) as the secchi depth had to be at least 1.4 m before it was found. Isoetaceae is
also greatly effected by the transparency of the water as its presence was only in waters with secchi depth 2.475 m or
greater. Species of Osmundaceae also appear to prefer clearer water with its presence only in habitats having secchi
depths 2.65 m or greater. Most species of Potamogetonaceae were not influenced by the particulate matter in the
water except for Potamogeton gramineus L. was only present in site having a secchi depth of 1.623 or greater. While
species in the Asteraceae and Rosaceae families were not completely absent from sites with lesser secchi depths,
most species appeared to favor habitats with secchi depths of greater than 2 m.

COLOR

As with secchi depth, color measured by a Hach kit in (PtCo) is also an indicator of particulate matter in
water and thus the transparency to light. In accordance with the secchi depth results, Elodea canadensis Michx. and
Vallisneria americana Michx. both from the family Hydrocharitaceae were found only in sites with color values less
than 92 (PtCo). Isoetaceae also showed trends with its presence only in habitats of less than 71 (PtCo).
Scheuchzeria palustris L. (Juncaginaceae) was only found in waters with higher particulate matter and values of
greater than 79 (PtCo). On the other hand, Osmundaceae was only found in waters with color less than 79 (P1Co)
which follow the trends observed for secchi depth. '
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Macrophyte and Water Chemistry Trends

Discussion

Most of the water chemistry tests prove to be useful for predicting certain species of plants or the
probability that a certain family may be found in an area;, however, from this study one would not be able to predict
the relative abundance of a macrophyte. Many of the tests appear to be interrelated, but may show trends in some
families and not others which suggests that one would be able to get a better idea of what macrophytes were present
in a habitat if looking at several different tests. Looking at several different tests to predict the macrophytes would
provide a more holistic view of the habitat and would also be beneficial in that some tests are somewhat variable in
the readings. It should also be noted that many of the macrophytes collected were found on the immediate shore and
were not actually standing in the water which may explain why some families and species did not show significant
trends. From this study, certain macrophytes present in a habitat could also be used to predict characteristics of the
water. The study also suggest that streams have the most diverse macrophytes with lakes following and bog-type
habitats being the least diverse.

While water chemistry proved to be beneficial to correlating macrophyte presence, maximum depth,
maximum length and relative size did not show significant trends. The percent of littoral zone may offer more
insight than maximum depth as most macrophytes do not grow in the deepest parts and tend to be found closer to the
shores. Many plants live only partially in the water and are not truly aquatic (Morgan 1930). In addition with
increasing depth, species of plants change along with their structures (Curtis 1959). While maximum length and
relative size did not proved to be useful in this experiment, they may be useful if correlating relative abundance of a
macrophyte which was not looked at in this experiment.

1t should be noted that I did not discuss hard woody plants because Karen Francl did not seem to have
collected them. I also do not mention much about members in the families of Cyperaccae and Poaceae although a
few species such as Carex Lasiocarpa Ehrh could prove to be interesting topics. I do not discuss these families as
Karen appeared to have concentrated more of her collecting on these two families than I had. Thus, any strong
conclusions may be faulty until it is proven that these species favor bog-like habitats.

This experiment could be used as a stepping stone to provide families and species that appear to show
trends and which may prove to be useful if further study is continued. The families of Asteraceae and Ericaceae
appear to be promising topics of further study as they showed general trends towards more lake-type and bog-like
habitats respectively (Curtis 1939). One may also want to consider further study of Raspberry as it was often the
only exception to many of the major trends in these two families. Members in the families: Hydrocharitaceae,
Isoetaceae, Osmundaccae and Sphagnaceae show the most significant trends and look to be the most promising. The
first three families thrive in more neutral conditions. Sphagnaceae, in particular, looks favorable because within the
family there are differences in the types of habitats certain species prefer. Most species of Sphagnum were collected
in habitats that are more bog-like and stereotypical of Sphagnum. Sphagnum is usually thought to grow in habitats
too poor in nutrients to support larger vascular plants (McQueen). However, Sphagnum recurvum P.-Beauv.
appeared to go against the typical bog-type habitats that Sphagnum is known to inhabit and help create with
continued growth {Crum 1922). This variety was found in more lake like habitats while, members of the same
species but different variety were collected in the bog-like habitats and appear to have very specific cut-off points.
More information is still needed to make any solid conclusion. This study may provide a basis for choosing water
chemistry experiments and species that might be of interest.
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