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INTRODUCTION

This report presents results of afurther evauation of diatom assemblages in two sets of Montana
wetlands. Initid results are in the report “ An Evauation of Diatom Periphyton as Indicators of
Cultivation and Grazing Impairment in Montana Wetlands’ (Charles 1999; ANSP Report 99-1F).
Under a previous agreement, the Phycology Section at the Patrick Center for Environmental Research
andyzed diatom periphyton assemblages from 12 stes each in Misson Vdley (Nine Pipe) and Ovando
Vadley. The purpose of the andysis was to evauate the potentia of diatoms as indicators of impairment
due to cultivation and grazing. After most of the work on this project was completed, | received a copy
of CynthiaBorth's Master’s Thesis (Borth 1998), “ Effects of Land Use on Vegetation in Glaciated
Depressond Wetlandsin Western Montana” The purpose of her study was to identify characteristics
of terrestrid vegetation that could be used as part of amultimetric index of biologica integrity. Borth's
thes's contains va uable environmenta data on the same wetland sites from which the diatom periphyton
samples we anadyzed were collected, and that are relevant to understanding diatom distributionsin
those wetlands. The purpose of the work reported on here was to further andyze and interpret the
variation in the wetland diatom assemblages using the environmenta datain C. Borth's thesis. Our god
was to further understand the factors most responsble for influencing diatom distributionsin the study
wetlands, with the expectation that the information gained will be useful for further developing diatoms
as wetland biocriteriaindicators.

The findings of the origind report were based only on diatom assemblage data and impairment
categories of the wetlands. Results showed that it was difficult to distinguish categories of imparment,
with the exception of the impaired Nine Pipe wetlands. Thisis presumably because the current levels of
disurbance a the impaired stes are rdatively minor and difficult to distinguish from the variaion caused
by the congderable range of naturd factors, primarily differencesin groundwater input.

This report should be read in conjunction with the first (Charles 1999). Data, methods, results and
findings from the first are not repesated here.

The questions to be addressed in this study were:

What environmentad  factors are most important in explaining variation in the distom
assemblages?

How much of the variation in environmentd factors among wetlandsis due to naturd
factors and how much to cultivation and grazing? |Isit possible to determine?

How appropriate are the reference sites for comparison with the impaired sites? Are
natura factor differencestoo sgnificant?

How smilar in “naturd” characterisics must wetlands be to be consdered vaid reference
gtes? Which characteristics are most important? Isit possible to specify ranges of
characteristics to define gppropriate reference Stes?

Can we frame impairment assessmentsin terms of specific environmentd factors (e.g.,
phosphorus concentration, Silty subgtrate). If thereisalink to an anthropogenic cause,
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then isit possible to consder aste impaired if specified characteristics are * out of
range’ with respect to expected values?

What characteristics of diatom assemblages can be used to distinguish impairment?

Arethere diatom taxa that are good indicators of specific types of impairment for particular
types of wetlands?

Are there metrics we have not tried, or could develop, that might be good indicators?

Data anaysis to address the above questions proceeded in severd steps.

1. Examine patterns of chemica and physical characteristics among the wetlands. Look for
magor gradients, differences between the two wetland areas, and the reference, semi-
impaired, and impaired stes within each.

2. Use ordination techniques to investigate relationships between diatom assemblages and
environmenta characteridtics.  Try to distinguish roles of natural and anthropogenic factors.

3. BEvauate diatom taxa to determine which might be good indicators of impairment. Consder
the possibilities for developing new diatom metrics.

4. Make recommendations for future research to develop diatoms as indicators of wetland
imparment.

STUDY SITESAND ENVIRONMENTAL DATA

Study sites are described in Borth (1998), including the environmenta data for the new analyses and
results presented here: water chemistry, sediment chemistry, subsirate, water level, groundwater input
type, and other environmenta characteristics. The characterigtics used in andysis of diatom
assemblages for thisreport are presented in Tables 1 to 5. Water chemisiry characteristics were
measured in June, July and August; tables present data for each month and for dl three averaged. Data
were not available for al parametersfor dl months. When a parameter was missing, the averaged
vaues were calculated using the data that were available.

The origind intent when study Sites were selected was that they would al have smilar naturd conditions

and that the primary variation among them would be due to the effects of grazing and cultivetion. The
potentia to develop and test metrics and other indicators is compromised because thisis not the case.

METHODS
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Methods for preparation and analyss of diatom samples are in Charles (1999). Borth (1998) contains
descriptions of methods used to generate the environmental data.

All ordinations were run with CANOCO version 4.0.; dl plots were made using Canodraw followed
by CanoPogt. All environmenta variables except pH, sediment pH, and groundwater category were
log-transformed for use in multivariate analyses. Principa Components Analysis (PCA) was used to
andyze the environmenta data. Redundancy analyss (RDA) was used to examine rdationships
between diatom assemblage and environmentd data. Andysis of diatom data using Detrended
Canonica Correspondence Analysis (DCCA) showed that Axis 1 scores had a standard deviation of
lessthan 1.5. Thisindicatesthat alinear modd (e.g., RDA) would better represent species-
environment relationships than aunimoda modd (e.g., CCA). The number of diatom taxa on plots was
limited to about 20 by redtricting, in Canodraw, the number of taxa shown to those that contributed
mogt to the fit of points on the plot.

RESULTS

Principal Components Analysis of Environmental Variables

The firgt step in data andlysis was to evauate the patterns and relaive importance of environmenta
characterigtics of the study wetlands. Principal Components Andysis (PCA) was performed on the
chemigtry data (18 variables, average of June, July and August measurements), physica habitat deta,
and al data combined (Tables 1 to 5; correlations among water chemistry variables shown in Table 6).
The purpose of this analysis was to determine the mgor environmenta gradients and identify the best
individud variables to represent groups of closely correated variables.

Water chemistry. When three month average chemidiry data from dl sites are included asinput, the
PCA andysis separates the NP and BC sites, and shows clear differencesin chemistry (Fig. 1). These
differences are dso gpparent in the data (Table 4). The Ovando Valey (BC) sites have higher
concentrations of Caand Mg. The Nine Pipe sites have higher concentrations of Mn, Fe, Na, Cl, N, P
and K. Because these differences are consstent across impairment type, they are probably due to
naturd factors related to regiond variation in geology and hydrology. Ranges of conductivity, pH and
akainity overlap between the two groups of wetlands. Factors corrdating most closely with the first
axiswere Ca, Mg, Fe, Mn, pH and akalinity (Table 7). Factors correlating strongly with the second
axiswere SO,, Na, Cl, and conductivity. The two most important factors on the third axiswere K and
S. There are no clear rlaionships with Site imparment.

When only the Nine Pipe stes are included in the analysis, there gppears to be three main gradients
corresponding with the first three axes (Fig. 2, Table 8). Factors strongly related to the first axis are
conductivity, dkalinity, pH, Na, Cl, Mg and PO,. Thisisclearly rdated to sdinity and dissolved solids
and probably reflects differences in runoff and groundwater recharge characteristics. The second axis
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may represent influence of groundweter: most important factors are Fe, Mn, S and K. Thethird axis
represents a nutrient gradient. Factors correlating most strongly in the positive direction are NO;, total
P, and PO,; those corrdlating in the negative direction are Ca, Mg and K. The tendency for highest
nutrient conditions to be in wetlands with lower cation concentrations suggests that nutrients come from
surface runoff, and are not diluted much by low-nutrient groundwater. There gppearsto bea
relationship between impairment and Fe and Mn, with more impaired sites having the highest values.
This was especidly gpparent when looking at the August chemistry data.

When only Ovando Vdley stes are andyzed, two strong chemistry gradients are gpparent (Fig. 3,
Table 9). Oneisrdated to sainity and dissolved solids and the other perhaps to a groundwater factor.
There was no strong nutrient gradient like that for the Nine Pipe stes. Thefirst axis correlated most
grongly with SO,, S, Na, conductivity, akainity, Cl and Mg. Variables strongly corrdating with the
second axiswere Si, K and temperature. The impaired sites (24-26) generaly were more dilute than
the others; the semi-impaired stes (19-22) tended to have lower S, K and temperature than the others;
reference Sites (15-18) were widdly scattered.

Sediment chemistry and physical characteristics. Variables from Borth's thesis included in the PCA
andysswere: sediment chemistry; percent component of substrate (sand, silt, clay); water depth; area
of wetland in water, dry soil, algae, and litter; and groundwater recharge category (Table 5). Andyss
of al stestogether reveded three main gradients, though exactly what they represent is unclear (Fig. 4,
Table 10). Thefirgt axis corrdated most strongly and in a negative direction with Ca, TKN, and NO;,
and in a pogtive direction with P, NH, and percent sand. The second axis correlated most strongly
with pH and conductivity, and the third with P and NO;. Overdl, sediment pH, conductivity, and
nutrient concentrations seemed to be the most important. There were no clear relationships with
impairment categories.

The PCA andysis of Nine Pipe samples alone shows strong correlations with variables on al four axes
(Fig. 5, Table 11). Thefirg axis correlated most strongly with Na, Ca, TKN and conductivity; the
second axis with NH,, pH, conductivity and %Dry Sail; the third with NO; and depth; and the fourth
with %Clay, %Silt and %Surface Water.

For the sat of Ovando Valley stes only, the first PCA axis correlates postively with Naand P, and
negatively with Ca and %Algae (Fig. 6, Table 12). The second axis correlates most strongly with

%L itter, NH,, NO3, Ca, Cond, Depth, and GW-charge category. The third axis has high correlaions
with TKN, NO; and P. And the fourth axis correlates with TKN, Mg and Sand and Silt. Overdl, the
most important factors seem to be those related to nutrients (P and N), Ca, conductivity, and substrate
component. The impaired stes group together, separating from the others based on their greater depth,
%SurfaceWater and %Silt. They also tended to have lower Sed-pH and Sed-Cond.

Redundancy Analysis of Diatom Assemblage and Environmental Variables
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Based on the PCA and on forward sdection of environmentd variables, a subset of water chemidiry,
sediment chemigtry and physical factors was chosen to represent dl the others. Thislimited set of
variables was then used in RDA andysis with diatom assemblage data to examine relations between the
two (Fig. 7, Table 13). Analyssof dl 24 stestogether shows that many factors have an important
influence on diatom digtributions. The most important variables on the first axis are Ca, Fe, and
%Sand, which can be consdered a sand to st gradient. At one end of the axis are %Sand,
phosphorus, K and Fe. At the other are Ca, %Clay, and Depth. The second axis seems related to
groundwater input, with sediment and water pH and conductivity, and groundwater discharge, high at
one end and low & the other. Thereis no clear relationship between impairment category and
environmenta variables.

The RDA of Nine Pipe stesdone (Fig. 8) aso suggests the influence of anumber of varigbleson
diatom assemblage digtributions. Asin many graphs, stes NP1 and NP5 are near each other and
associated with high pH and conductivity. Thisis not surprisng because these are the only two
reference stes that are groundwater recharge sites. Theimpaired sSitesare dl at the top of the plot,
associated with higher concentrations of TotP, S, shallower depth, and higher silt (lower %Sand). An
RDA plot of the diatom taxa that contribute most to the separation of sites (Fig. 9) shows common taxa
that contribute most to the grouping of the Stes. Asnoted in the previous report, it is difficult to relate
abundance of mogt of the taxa to environmenta conditions. Some gpparent relationships are the
occurrence of taxa associated with more dilute conditionsin the left haf of the plot and waters with
higher dissolved materids and conductivity in theright haf. Many of the Nitzschia and Navicula often
associated with sty habitats are on the right Side of the plot.

The RDA of only Ovando Vdley stes (Fig. 10) suggests that two mgjor, interrelated factors are most
important; relative input of surface vs. groundwater, and water depth. 1t appears these two interact to
produce a variety of ecological conditions. All impaired Sites are grouped in the lower left portion of
the plot. However, this probably occurs smply because the impaired stes have greater depth than the
other gtes. The plot of diatom taxa (Fig. 11) is difficult to decipher in terms of identifying taxa
indicative of impairment. Some of the taxathat are often cited as indicators of poorer conditions, such
as Nitzschia palea and Gomphonema parvulum, are on the right Sde of the plot dong with the
impaired dtes, but these taxa are not uncommon in some other Sitesaswell.

| ran and compared the RDA analysis of the 3-month average water chemistry datafor al 24 steswith
the same andysis for each month’ swater chemidtry, individudly. Overdl, there wasllittle differencein
the patterns of distributions of Stes, or relationships of the environmenta variables to the PCA axes.
There was a dight tendency for the correlation of pH and conductivity with the first axis to decline from
Juneto August, and a dight tendency for the correlation of tota phosphorus and temperature to
increase. It is possible these tendencies may mean that hydrologic factors are more important earlier in
the summer and nutrient factors more important later. In generd, these results suggest that, in terms of
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relationships between diatom and water chemistry conditions, samples for wetland assessment could be
collected anytime during the summer, but that |ate summer might be dightly better.

DISCUSSION

The following discussion is organized according to the questions which this study was intended to
address.

What Environmental Factors Are Most Important in Explaining Variation in the Diatom
Assemblages?

The factors explaining mogt of the variation in diatom assemblages varied between the Nine Pipe and
Ovando Valey stes. In generd, they seemed related most strongly to groundwater - surfacewater
interaction; whether sites were recharged by groundwater inflow or received most water from surface
runoff that then discharged to the ground. Each set of sites had some wetlands of each type. Nutrient
concentrations and composition of substrate so played arole, but the extent to which they were
influenced by grazing and cultivation is not clear. Specific environmenta characteristics of importance
were water and sediment pH and conductivity, Ca, K, Fe, P, water depth and percent of sand and silt
in the subgirate. There was no clear relationship between level of impairment and these factors other
than with water depth in the case of the Ovando Vdley stes and with K, phosphorus and percent of silt
in the Nine Pipe gites.

There are some interesting chemistry interactions that deserve a closer look and that may relate to
diatom digtributions. Nine Pipe impaired sites have higher K concentrations than the other Nine Pipe
gtes. Isthisrdated in any way to effects of cultivation? Or doesit occur Smply by chance? Are
higher K concentrations somehow related to soil disturbance? For many of the Sites, thereisa strong
negative correlation between water and sediment Ca, and water and sediment P and Fe (Figs. 4 and
7). Also, thereisatendency for higher total P concentrations to be associated with Sites having a
higher percent sand substrate.

How Much of the Variation in Environmental Factors among Wetlands |s Due to Natural
Factors and How Much to Cultivation and Grazing? Isit Possbleto Deter mine?

It iscear that mogt of the variation in factors influencing diatom assemblage distributionsis due to
naturd factors, not anthropogenic. Even where there are relationships of environmentd variables with
impairment, it is not clear that those relationships are caused by impairment.
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The Stuation in which diatom evidence for imparment seems strongest is the Nine Pipe impaired Sites.
Samples from these Sites group separately from the other Nine Pipe sites on the RDA plot (Fig. 8), and
these sites have the highest P and percent silt, two factors that could be increased by cultivation.

How Appropriate Arethe Reference Sitesfor Comparison with the Impaired Sites? Are
Natural Factor Differences Too Significant?

For any biologica indicator to detect imparment among Sitesin thistype of study, it is necessary that
the variation among Stes caused by that impairment be greater than the variation due to natural causes.
It is aso necessary that indicator metrics have sufficient resolution to detect the differences. In this
study, the reference sites are not well suited to serve as a background againgt which impairment effects
can be observed. For them to be appropriate, either they would need to have less naturd variability, or
the levels of impairment would need to be greater. Mayer and Gaatowitsch (1999) found substantial
variability in diatom assemblages in South Dakota wetlands and aso point out the difficulty of finding
good reference Sites.

Three of the four impaired Ovando Valey stes have deeper water than the others, and for this reason
they are not particularly good reference Stes. These Sites have distinctive assemblages, but thisin large
part may be due to depth/hydrologic factors and not to level of impairment.

How Similar in “Natural” Characteristics must Wetlands Beto Be Consdered Valid
Reference Sites? Which Characteristics Are Most Important? |sit Possible to Specify
Ranges of Characteristicsto Define Appr opriate Refer ence Sites?

As discussed above, the level of amilarity required among reference Sites depends in part on the
meagnitude of the impairment to be detected, and on the possibility that “impaired” conditions might
occur naturdly (e.g., Stuations where one must digtinguish ahigh Siltation Index caused by cultivation
from one existing under natura conditions).

Either reference sites need to be more smilar, level of impairment needs to be greater, or we need to
have indicators that can detect finer levels of imparment effects.

One gpproach for future studies designed to test and develop diatom indicators might be to first identify
the impaired sites to be studied, measure key environmental characterigtics, and then choose reference

gteswith amilar environmentd characteristics. The environmentd factors found important in this study

would be good candidates to measure.

Can We Frame Impairment Assessmentsin Terms of Specific Environmental Factors (E.q.,
Phosphorus Concentration, Silty Substrate). If TherelsaLink to an Anthropogenic Cause,
Then Isit Possibleto Consider a Site Impaired |f Specified Characteristics Are* Out of
Range’ with Respect to Expected Values?
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The approach of determining whether diatom assemblages or environmenta characteristics are “out of
range’ of expected values for specified types of wetlandsis areasonable and desirable gpproach. In
the case of this study, however, the variation of natura conditionsis such that it is difficult to set a
aufficiently narrow range of expected vaues that it would be possible to dearly and easily distinguish
changes in conditions caused by impairment.

To do this successfully, one would first need to put wetlands in categories for which natura, expected

diatom assemblages can be defined. These could then be used to compare with assemblages from
other Stesto seeif they lie outsde the expected range of assemblage compostion.

What Characteristics of Diatom Assemblages Can Be Used to Distinguish | mpairment?

Basic community measures (e.g., diversity) do not seem to be good indicators of impairment in the
study wetlands (Charles 1999). The best assemblage characteristics will probably be those based on
thorough knowledge of diatom taxa and expectations of whether they should occur in aste or not.

Are There Diatom Taxa That Are Good Indicators of Specific Types of | mpair ment for
Particular Types of Wetlands?

Because the differencesin level of imparment in the sudy wetlands is gpparently not very large, it is
difficult to ditinguish taxa that are indicative of that impairment, no matter whet type it may be. There
aetaxathat are indicative of glty substrates, higher tota phosphorus, and high conductivity, but snce it
is not dways clear in this study whether these conditions result from anthropogenic causes or arise
naturdly, the vaue of the taxa asimparment indicators is unclear. The most relevant information on
ecologica characteridtics of diatomsin terms of their indicator valueisin Charles et d. (1996,
Appendix G).

The most logicd gpproach for identifying diatom indicatorsin this study is to review the taxa most
common in the NP11-14 wetland sites, those which appear most impaired, to see if there are taxamore
common in these Sites than others, and that might be good indicators. Though some taxain the samples
such as Nitzschia palea, Gomphonema parvulum, and Cyclotella meneghiniana are often
consdered as indicators of poor water quaity, these taxa are rdatively common in other samples as
well (Charles 1999, Appendix C). Further evauation of their occurrence would be necessary to
confirm their value as indicators in Montana wetlands.

AreThere MetricsWe Have Not Tried, or Could Develop, That Might Be Good | ndicator s?

THE ACADEMY OF NATURAL SCIENCES 8 PATRICK CENTER FOR ENVIRONMENTAL RESEARCH



It is doubtful there are metrics | have not tried that would be good indicators of impairment at the sudy
gtes, for the reasons given above. Development of new metricsisimpeded by the difficulty of not
having appropriate sets of samplesto cdibrate or test metrics. 1t can be done, but it will require more
data from wetland sites with widdly divergent and well documented impairmen.

One suggestion for a new metric would be to make a modified version of the Siltation Index that would
include more truly motile taxa thet are typicaly found on sty substrates. Thiswould mean including
more genera, and a species-by-species designation, instead of by genus. Perhgpsavariant of the Sl
might be one that islimited to taxa more commonly found on disturbed than non-disturbed Stes.

CONCLUSIONS

The following conclusions are considered supplementd to the those in the previous report (Charles
1999). None of the findings from this study contradicts the conclusons of the first study.

Cultivation appears to have had a grester impact on diatom assemblagesin the Nine Pipe wetlands than
grazing had on the Ovando Vdley stes. Whatever impairment was caused by grazing and cultivation, it
isdifficult if not impossble to diginguish it from naturd variahility.

The main reason for difficulty in identifying impairment of study wetlands was the large amount of

natura variability in chemica and physica habitat, as compared with the variability caused by cultivetion
and grazing.

The primary cause for naturd differencesin variability gppearsto be the interaction of groundwater and
surface water input to the wetlands. No physica or chemica factors correlated strongly with leve of
imparment.

The best time to sample to detect impairment is probably late summer, though samples taken earlier in
the summer would probably be nearly as informative.

RECOMMENDATIONS FOR FUTURE STUDIES

The following recommendations are nearly the same as those in the previous report (Charles 1999).
Some have been modified and expanded.

Within-ste Sampling

Takeindividual samples from specific microhabitats. Take saverd separate samples and count 100
vaves from each. Detailed descriptions of physica habitat conditions where samples were teken isaso

THE ACADEMY OF NATURAL SCIENCES 9 PATRICK CENTER FOR ENVIRONMENTAL RESEARCH



necessary. Resulting datawill provide information on physica habitats in which diatom taxa are most
likely to be found. It will be easier to identify taxathat are good indicators of physica habitat
imparment.

Take samples from different locations within wetlands. These will provide better indication of within-
gte variability. In the present sudy, there are no within-site data to compare with between-ste data.
Also, in some Stuations it may be possible to find impaired and unimpaired conditions in the same
wetland. Comparison of samples from these locations could minimize the effect of naturd between-dte
differences. Taking samples dong an eevation gradient may be useful. Borth (1998) found thet
evidence of effects of land-use on higher vegetation varied with devation. Also, consder taking
samples from surface sedimentsin open water. The assemblages collected from there may provide a
good representation of alarger portion of the wetland than periphyton collections, and may be more
appropriate to compare with water chemistry samples collected from the middle of the wetlands.

Collect periphyton compogitesin a“systematic” way so that subsamples represent the relative
occurrence of dl microhabitats in the wetland area of interest, in proportion to their occurrence.

Measure water chemigtry at the same time and place diatom samples are taken. Measure chemistry
characterigtics that are shown to have greatest influence on diatom distributions.

Another approach for reference site salection might be to find wetlands that are impaired in one areas
only. Reference samples could be collected from the non-impaired portions.

Sampling Design

Take samples from additiona wetlands to expand understanding of distributions of taxa under natural
conditions, and how they respond to different types of impairment. Sites should be both natural
(reference) and impaired. Study Stes (reference and impaired) should be as similar as possible. Focus
on one or limited kinds of impairment; include a sgnificant number of Sites with each type of
imparment. The nature and magnitude of types of impairment at each site should be carefully described
and quantified.

Take sediment cores from impaired wetlands and compare recent and past assemblages. The past
assemblages have the potential to be much better reference samples than those currently used because
differencesin “naturd” chemigtry factors should be less (they should have changed relatively little over
time. Any chemigtry changesinferred from diatom assemblages could be attributed to imparment.
Coring sites should be chosen carefully to help ensure that an adequate diatom record is collected;
chemistry characteristics suggest that dissolution should not be a problem (sdinity and pH are not high),
but physical factors could be a problem (e.g., annud drying of sediments).
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In future studies designed to develop imparment indicators, it would be best if reference sites should
have less variahility in chemica and physica conditions - in particular groundwater input, conductivity
related chemistry, and exposed sediment characteritics.
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Note added after final draft: After the fina verson of this report was completed and being reviewed,
Randd| Apfelbeck provided me with a copy of Ludden and Hauer’s (2000) study of
macroinvertebrates in wetlands in the Ovando and Nine-Pipe areas. The findings of their study have
sgnificant implications for interpretation of the diatom data. There was no time remaining, however, to
modify my report to take into account their observations and conclusions.

A mgjor purpose of Ludden and Hauer’ s study was to evauate the ability of macroinvertebrate metrics
to distinguish leves of impairment among wetlands. They studied the same wetland stesincluded in this
sudy, plus afew more. However, they categorized site impairment very differently. In our diatom
sudies, and in Borth's study (1998), wetlands in each valey were divided equally into categories of
unimpaired, semi-impaired, and impaired. Ludden and Hauer (2000) evauated impairment using a
different gpproach. They determined that al stesin the Ovando areawere minimally disturbed and that
dl gtesin the Nine Pipe area were highly disturbed. Specific criteria for making these determinations
arenot provided. To the extent it may be rdevant, this classfication is a least consstent with the
difference in nutrient concentrations in wetlands in the two areas; concentrations are higher in Nine-

Pipe.

The difference in imparment classfication schemes has sgnificant implications for evauating the
usefulness of diatoms asindicators. Perhaps diatoms did not clearly distinguish Borth' s three levels of
wetland impairment because the actud differences in impairment anong steswere minima. On the
other hand, the large differences in diatom assemblages between Ludden and Hauer’ s “minimaly-
disturbed” Ovando wetlands and their * highly-disturbed” Nine-Pipe wetlands alows the possbility that
diatoms may in fact be good impairment indicators. The reasons for the Sgnificant differences between
the Borth (1998) and the Ludden and Hauer (2000) impairment classfications are not clear. Neither
report describes specific environmenta criteriafor desgnating impairment. Vaguely described land-use
differences seem to be the main factors. Therefore it is not possible to evauate vaidity of the two
gpproaches or to fully understand how the approaches might relate to the evaluation of diatom
indicators. An interpretation based on geographic scae might make sense. Borth seemsto have
focused on levels of wetland impairment within prescribed small regions. Ludden and Hauer may have
chosen to characterize impairment on a broader scale, based on comparisons with other wetlandsin the
State of Montana or larger geographic regions. If thisis a reasonably accurate interpretation, then an
asessment of usefulness of diatoms might turn out to be that they are good for distinguishing mgor
differences in impairment over broad geographic scaes, but not as useful for identifying lesser levels of
impairment a smaler scaes.

To further evaluate diatoms as indicatorsin relationship to the two impairment classfications would
require a detailed review and reconsderation of impairment approaches, definition of specific criteria
for impairment categories, rigorous application of those criteria to categorize each wetland, and re-
evauation of the diatom data to assess the vaue of diatoms as indicators. Careful attention would be
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necessary to avoid confusing differencesin diatom assemblages due to naturd factors with those due to
land-use activities.
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Table 1. June water chemistry values for Nine Pipe and Ovando Valley wetland study sites. Data from Borth (1998).

Site | pH EC | Temp | Total alk. | NO; | NH, P PO, Ca Cl Fe K Mg Mn Na S Si SO,
June uS/cm °C CaggalL mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L mg/L mg/L
Label pH [Cond Temp Alk NO3 | NH4 | TotP | PO4 Ca Cl Fe K Mg Mn Na S Si SO4
NP1 |7.6 675 27.1 340) 0.07] 0.12| 1.27) 2.89] 106} 11.2| 1.59] 115| 127 0.13] 136.1] 4.92 14.6] 10.81
NP3 ]6.7 290 17.9 138] 0.02] 0.05] 0.48] 0.64] 10.9] 8.32] 2.98] 123 5.3 0.68 4291 1.12 2.4 0.75
NP4 ]6.4 250 18.0 110] 0.02] 0.07] 0.25 0.3 7.7 75] 1.41 16 3.4 0.24 36.8] 1.49 1.5 1.58
NP5 ]7.1 586 20.1 283] 0.06] 0.13] 2.27] 5.33 6.2 14| 2.48 9.3 4.1 0.44] 131.9] 2.54 8.6 1.92
NP7 6.5 270 16.7 118] 0.01] 0.2] 0.76] 0.45 6.2] 8.45] 3.63] 15.8 3.8 0.43 39| 0.97 3.8 1.09
NP8 ]6.5 238 17.2 105] 0.08] 0.11] 0.36] 0.23 6.6 73] 2.28] 129 3.6 0.31 33.3 1.2 1.0 1.12
NP9 ]6.8 259 17.5 113] 0.01) 0.09] 0.51] 0.37 7.7] 6.18] 2.57 16 3.7 0.15 359] 153 2.6 1.97
NP10 |6.8 328 23.7 133] 0.02] 0.14] 0.58] 0.29 6.8] 9.85] 3.28] 15.2 4.4 0.29 56.9] 1.76 2.0 1.67
NP11 |7.6 581 17.3 273] 0.02] 0.08] 0.97 17] 173§ 15.7] 1.54] 225 8.7 0.1 96.1] 2.87 9.6 5.46
NP12 |7.1 560 18.7 258] 0.02] 0.18| 1.48) 2.21} 175} 13.7| 3.25] 33.4| 10.6 0.6 74.1] 1.75 17.4 1.69
NP13 ]6.7 240 20.7 110] 0.02] 0.13] 0.62] 0.32 89] 6.66] 4.18 18 4.4 0.56 289] 1.64 17.0 2.14
NP14 16.9 274 23.1 118§ 0.03] 0.05] 0.27] 0.27 6.9] 10.7] 1.41] 219 4.5 0.17 35.3] 1.11 13.4 0.4
BC15 |7.4 381 19.8 193 0] 0.03] 0.08 0] 51.1 09] 0.03 5.1 12 0.01 4.3] 0.27 5.5 0.25
BC16 |7.5 784 24.3 350§ 0.02] 0.07] 1.01 16| 58.2] 13.9] 0.04] 32.6| 385 0.11 32.3] 15.59 29.0] 43.15
BC17 |7.5 453 25.4 225] 0.02] 0.03] 0.13 0] 321} 2.64 01] 21.7] 274 0.08 88| 0.56 6.3 0.52
BC18 |7.0 492 16.0 255 0] 0.01] 0.13 0] 495] 1.38] 0.05 46| 26.9 0.06 55| 1.18 8.9 2.15
BC19 |7.3 688 17.9 330§ 0.02] 0.02] 0.15 0] 642 6] 0.01 9.6] 33.1 0.05 19.7] 7.08 8.0] 17.98
BC20 |7.3 664 13.7 295] 0.02] 0.01] 0.15 0] 643] 4.27] 0.01 41 27.9 0.02 17.4] 9.77 73] 21.78
BC21 |7.5 698 14.5 335] 0.01] 0.01] 0.14 0 67§ 5.52] 0.01 51] 315 0.01 24.6] 0.03 4.9 27.3
BC22 |7.1 577 15.1 290) 0.01] 0.02]| 0.17 0] 65.2] 2.72] 0.05 81| 24.1 0.06 10.1] 2.13 13.2 4.24
BC23 |7.4 683 15.4 333§ 0.02] 0.03] 0.08 0] 6893 5.02] 0.02] 208| 327 0.06 10] 1.36 30.0 1.87
BC24 |6.7 229 15.8 108] 0.02] 0.05] 0.08 0] 259 23] 0.11 6.5 8.5 0.1 28] 0.28 12.7 0.16
BC25 ]6.9 390 17.4 183] 0.01] 0.02] 0.13 0] 4523 3.67] 0.06 8.3] 13.7 0.08 4.3] 0.75 12.9 0.97
BC26 |7.5 499 18.8 230] 0.02] 0.03] 0.09 0] 52.4] 4.33] 0.06] 16.1] 20.9 0.11 71| 0.77 19.0 0.96
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Table 2. July water chemistry values for Nine Pipe and Ovando Valley wetland study sites. Data from Borth (1998).

Site | pH EC Temp | Total Alk. | NO, NH, P PO, Ca Cl Fe K Mg Mn Na S Si SO,

July uS/cm] °C mg CaCOJL I mg/L | mg/L | mg/L | mg/L | mg/L I mg/L | mg/L | mg/L |mg/L I mg/L | mg/L | mg/L | mg/L mg/L
N o

Label pH JCond Temp Alk NO3 NH4 | TotP | PO, Ca Cl Fe K Mg Mn Na S Si SO,
NP1 7.3 750 17.8 350] 0.04 0.08] 1.12 naj 13.6 nal] 0.73] 10.5] 146] 0.08] 135.1 4.04 12.7 n/a
NP3 ]6.8 305 19.6 123 0.03 0.05] 0.36 nfa] 10.9 nal] 2.61| 125 53] 0.37 42.3 1.06 0.3 n/a
NP4 7.2 240 25.1 110§ 0.03 0.06] 0.26 n/a 7.9 nal] 1.84]| 134 3.3] 0.19 35.8 1.33 0.5 n/a
NP5 7.2 582 21.7 273] 0.08 0.16] 2.34 n/a 6.5 nal] 2.44 8.0 4.1] 0.56] 130.6 2.53 6.3 n/a
NP7 6.5 263 19.6 113] 0.03 0.12] 0.67 n/a 6.0 n/a 28] 15.6 3.8] 0.42 38.5 0.96 1.7 n/a
NP8 ]6.5 232 22.4 98] 0.02 0.07] 0.34 n/a 6.7 nal] 2.11| 12.3 3.7] 0.57 32.6 1.13 0.3 n/a
NP9 ]6.6 261 26.8 115§ 0.07 0.11] 0.60 n/a 7.9 nal] 2.81]| 15.8 3.9] 0.19 36.5 1.53 1.1 n/a
NP10 6.9 335 20.5 138] 0.05 0.10] 0.61 n/a 6.7 nal 3.32] 14.7 4.3] 0.42 55.3 1.73 1.5 n/a
NP11 |8.4 640 17.4 288 0.04 0.14] 1.13 nfal 19.2 nfal] 2.04] 216 9.4] 0.67] 101.9 2.35 4.8 n/a
NP12 6.9 600 18.0 253] 0.04 0.08] 1.47 naj 18.5 nal] 3.38] 35.2] 11.0 0.6 78.8 1.56 9.9 n/a
NP13 |6.5 274 18.0 113§ 0.03 0.07] 0.92 nfal 10.4 nal] 5.92| 19.0 49] 1.01 30.8 1.46 16.2 n/a
NP14 6.7 301 21.2 110§ 0.03 0.03] 0.34 n/a 7.6 nal] 1.46] 235 48] 0.17 37.2 1.18 11.8 n/a
BC15 |7.9 337 22.1 165] 0.01 0.01] 0.05 na| 44.4 n/al] 0.01 55] 12.2] 0.01 4.3 0.23 3.8 n/a
BC16 |7.7 811 23.9 348] 0.01 0.06] 0.81 n/a| 60.3 na] 0.02] 35.0] 41.0] 0.07 34.2] 15.35 31 n/a
BC17 |6.9 466 18.5 223] 0.01 0.04] 0.20 nfal 33.5 na] 0.16| 23.3]| 28.4] 0.33 9.2 0.47 5.9 n/a
BC18 |7.4 484 20.6 235] 0.01 0.08] 0.11 nfa| 48.2 n/a] 0.05 45] 2941 0.04 6 0.93 3.7 n/a
BC19 |7.5 669 23.5 315] 0.01 0.03] 0.08 nlal 66.5 n/a] 0.01 9.4 34.7] 0.03 20.1 6.75 5.9 n/a
BC20 |7.0 654 14.7 290] 0.01 0.05] 0.11 n/a] 65.9 n/aj 0.01 51] 33.1] 0.02 19] 11.66 5.8 n/a
BC21 |7.4 695 16.7 328 0 0.04] 0.13 n/fa] 68.3 n/al 0.02 56| 34.3] 0.01 27 8.8 3.8 n/a
BC22 |7.1 587 22.3 288] 0.01 0.01] 0.13 n/a] 68.3 n/aj 0.04 8.3] 26.4] 0.07 10.9 1.87 12.8 n/a
BC23 |8.1 668 26.7 323] 0.01 0.03] 0.12 nfal 70.1 nfa] 0.01] 21.3] 35.1] 0.02 11 1.24 31.2 n/a
BC24 |7.5 235 26.4 110] 0.01 0.06] 0.09 nal 27.6 n/al] 0.07 6.7 9.1] 0.06 3 0.3 13 n/a
BC25 |7.5 370 23.8 170] 0.01 0.04] 0.10 na| 46.2 n/al] 0.04 85| 146] 0.03 4.5 0.7 10.6 n/a
BC26 |7.8 490 20.3 238] 0.01 0.07] 0.15 nfal] 53.7 na] 0.05] 16.3] 21.8] 0.06 7.4 0.75 19.1 n/a
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Table 3. August water chemistry values for Nine Pipe and Ovando Valley wetland study sites. Data from Borth (1998).

Site | pH EC | Temp | Total Alk. | NO; | NH, P PO, Ca Cl Fe K Mg Mn Na S Si SO,

Aug. uS/cm| °C mg CaCOJL | mg/L I mg/L | mg/L | mg/L | mg/L fmg/L | mg/L | mg/L | mg/L fmg/L | mg/L | mg/L | mg/L | mg/L
N _

Label pH Cond Temp Alk NO3 | NH4 | TotP | PO, Ca Cl Fe K Mg Mn Na S Si SO,
NP1 |7.67 840 21.9 415] 0.05] 0.06] 0.96] 2.07] 17.9 nal] 0.35] 13.2] 18.7] 0.12 172 4.6 8.6 n/a
NP3 ]6.35 370 17.5 160] 0.05] 0.14] 0.35] 0.09] 13.6 nal] 3.34| 15.3 6.7] 0.31 55] 1.27 2.4 n/a
NP4 16.62 280 20.5 130] 0.04] 0.10] 0.43] 0.33 9.0 nal] 2.94| 144 3.7] 0.66 48.6] 1.68 1.1 n/a
NP5 |7.37 810 19.4 383| 0.11) 0.18] 2.73| 6.06 8.8 na] 3.25| 10.1 5.3 0.5 198 4.12 6.5 n/a
NP7 16.59 320 18.3 140] 0.03] 0.06] 0.77] 0.48 5.7 nfal] 3.73] 19.5 4.6] 0.34 51.7] 1.54 3.1 n/a
NP8 ]6.55 260 18.3 110| 0.02] 0.05] 0.39] 0.12 5.4 na] 3.04] 13.3 4.3] 0.36 41.8] 1.31 1.3 n/a
NP9 ]6.85 280 24.3 128] 0.03] 0.17] 0.48] 0.38 8.0 n/a 23| 16.9 41] 0.48 4841 1.74 2.1 n/a
NP10 |7.83 430 20.1 178] 0.04] 0.06] 0.56] 0.28 8.6 nfal 3.74] 19.9 55] 0.81 78.3] 2.19 0.7 n/a
NP11 |6.52 830 19 363] 0.04] 0.08] 0.62] 0.66| 24.3 n/a 1.1 27| 42.8) 0.28] 142.4] 2.12 2.5 n/a
NP12 |7.21 840 19.3 370] 0.05] 0.22] 1.35] 1.39] 24.7 n/ajl 3.05 50| 15.6] 1.86] 128.8] 2.15 5.6 n/a
NP13 |6.84 340 22.8 148] 0.03] 0.09] 1.35] 0.47] 134 nal] 8.39| 23.3 6.2 1.14 458 1.73] 16.5 n/a
NP14 |7.05 420 23.6 170] 0.03] 0.12] 1.06] 0.59] 10.4 nal] 5.16] 34.3 6.3] 1.38 60.9] 2.03 8.5 n/a
BC15 |7.56 346 18.7 168] 0.19] 0.09] 0.04] 0.00] 45.4 n/al] 0.01 6.5] 13.9] 0.01 4.7] 0.28 9.4 n/a
BC16 |8.08 879 24.2 408] 0.03}] 0.06] 0.18] 0.08] 64.3 nfa] 0.01] 435] 51.2] 0.02 42.9] 15.77] 314 n/a
BC17 |6.5 542 16.1 260| 0.03] 0.44] 0.44| 0.67]| 38.3 nal] 0.15| 31.6| 32.4] 0.33 11.1] 0.68 3.5 n/a
BC18 |7.97 402 15.3 203] 0.02] 0.05] 0.06] 0.28] 28.5 n/a] 0.02 5.3 31] 0.01 6.8] 0.47 0.1 n/a
BC19 |7.34 683 16.7 340] 0.02] 0.45] 0.06] 0.00| 67.5 nfa] 0.01] 104] 37.6] 0.01 21.4] 5.96 1.1 n/a
BC20 |7.27 726 18.9 365] 0.01] 0.02] 0.05] 0.00] 82.9 n/aj 0.03 7.2 42.8] 0.05 24.5] 13.82 5.5 n/a
BC21 |6.94 745 13.7 358] 0.02§] 0.38] 0.06] 0.00] 77.5 n/al 0.03 53] 36.7] 0.03 279 7.22 2 n/a
BC22 |7.05 625 19.4 320] 0.03§] 0.06] 0.06] 0.00] 72.1 n/aj 0.04 9.6 30] 0.07 12.3] 1.59] 105 n/a
BC23 |7.3 716 15.2 363] 0.02] 0.10] 0.08] 0.00] 65.4 nal] 0.01] 21.9] 39.9] 0.03 12.5] 1.05] 30.7 n/a
BC24 16.84 241 20.4 120] 0.02] 0.03] 0.11] 0.00] 29.1 n/aj 0.07 741 10.2] 0.05 3.3] 0.27 17 n/a
BC25 |6.89 391 15.6 193] 0.02] 0.28] 0.06] 0.00| 47.8 n/a] 0.05 9.3 16| 0.04 4.9 0.5 8.2 n/a
BC26 |7.22 525 19 258] 0.01} 0.07] 0.08] 0.00] 54.6 nfa] 0.03] 185] 23.9] 0.02 8.1 0.7] 134 n/a
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Table 4. June, July and August average water chemistry values for Nine Pipe and Ovando Valley wetland study sites. Data from Borth (1998).

Site | pH EC | Temp | Total Alk. | NO; | NH, P PO, Ca Cl Fe K Mg Mn Na S Si SO,
3 Mo. uS/cm °C mg CaCOy/L | mg/L | mg/L | mg/L | mg/L mg/L mg/L mg_;/L mg/L | mg/L | mg/L | mg/L mg/L mg/L | mg/L
Label pH Cond Temp Alk NO3 | NH4 | TotP | PO, Ca Cl Fe K Mg Mn Na S Si SO,
NP1 |]7.52 755 22.3 368] 0.05)] 0.09] 1.12] 2.48]| 14.0}] 11.20}] 0.89] 11.73] 15.33 0.11] 147.7] 4.52 12.0] 10.81
NP3 []6.62 322 18.3 140 0.03§ 0.08] 0.40] 0.37] 11.8 8.32] 2.98]) 13.37| 5.77 0.45 46.7 | 1.15 1.7 0.75
NP4 ]6.74 257 21.2 117] 0.03§] 0.08] 0.31] 0.32 8.2 7.50] 2.06] 14.60] 3.47 0.36 40.4 ] 1.50 1.0 1.58
NP5 ]7.22 659 20.4 313] 0.08] 0.16] 2.45] 5.70 721 14.00] 2.72] 9.13] 4.50 0.50] 153.5]| 3.06 7.1 1.92
NP7 16.53 284 18.2 1241 0.02] 0.13] 0.73] 0.47 6.0 8.45] 3.39] 16.97] 4.07 0.40 43.1] 1.16 2.9 1.09
NP8 ]6.52 243 19.3 1041 0.04] 0.08] 0.36] 0.18 6.2 7.30] 2.48] 12.83]| 3.87 0.41 359] 1.21 0.9 1.12
NP9 |6.75 267 22.9 119] 0.04] 0.12] 0.53] 0.38 7.9 6.18] 2.56| 16.23] 3.90 0.27 40.3]1 1.60 1.9 1.97
NP10 |7.18 364 21.4 150] 0.04] 0.10] 0.58] 0.29 7.4 9.85] 3.45] 16.60] 4.73 0.51 63.5] 1.89 1.4 1.67
NP11 |7.51 684 17.9 308| 0.03] 0.10] 0.91] 1.18]| 20.3] 15.70] 1.56| 23.70] 20.30 0.35] 1135 2.45 5.6 5.46
NP12 |7.07 667 18.7 2941 0.04] 0.16] 1.43] 1.80] 20.2] 13.70] 3.23] 39.53] 12.40 1.02 93.9] 1.82 11.0 1.69
NP13 |6.68 285 20.5 1241 0.03) 0.10] 0.96] 0.40] 10.9 6.66] 6.16] 20.10| 5.17 0.90 352] 161 16.6 2.14
NP14 ]6.88 332 22.6 133] 0.03}] 0.07] 0.56] 0.43 8.3)] 10.65] 2.68] 26.57] 5.20 0.57 4451 1.44 11.2 0.40
BC15 |7.62 355 20.2 175] 0.07] 0.04] 0.06] 0.00]| 47.0 0.90] 0.02] 5.70]12.70 0.01 441 0.26 6.2 0.25
BC16 |7.76 825 24.1 369] 0.02] 0.06] 0.67] 0.84] 60.9] 13.85] 0.02] 37.03] 43.57 0.07 36.5] 15.57 30.5] 43.15
BC17 |6.97 487 20.0 236 | 0.02] 0.17] 0.26] 0.34]| 34.6 2.64] 0.14] 25.53] 29.40 0.25 9.7] 0.57 52 0.52
BC18 |7.46 459 17.3 231] 0.01§] 0.05] 0.10] 0.14] 42.1 1.38] 0.04] 4.80] 29.10 0.04 6.1] 0.86 4.2 2.15
BC19 |7.38 680 19.4 328| 0.02] 0.17] 0.10] 0.00| 66.1 6.00] 0.01| 9.80]) 35.13 0.03 20.4] 6.60 5.0] 17.98
BC20 ]7.19 681 15.8 317] 0.01§] 0.03] 0.10] 0.00] 71.0 4.27] 0.02] 5.43] 34.60 0.03 20.3]11.75 6.2 21.78
BC21 |7.28 713 15.0 340] 0.01) 0.14] 0.11}] 0.00] 70.9 5.52] 0.02] 5.33]34.17 0.02 26.5] 5.35 36 27.30
BC22 ]7.08 596 18.9 299] 0.02}] 0.03] 0.12] 0.00] 68.5 2.72] 0.04] 8.67] 26.83 0.07 11.1] 1.86 12.2 4.24
BC23 |7.60 689 19.1 340] 0.02] 0.05] 0.09] 0.00| 68.1 5.02] 0.01] 21.33| 35.90 0.04 11.2] 1.22 30.6 1.87
BC24 ]7.01 235 20.9 113] 0.02] 0.05] 0.09] 0.00] 27.5 2.30] 0.08] 6.87] 9.27 0.07 3.0] 0.28 14.2 0.16
BC25 |7.10 384 18.9 1821 0.01] 0.11] 0.10] 0.00| 46.4 3.67] 0.05] 8.70] 14.77 0.05 46| 0.65 10.6 0.97
BC26 |7.51 505 19.4 242| 0.01§] 0.06] 0.11] 0.00] 53.6 4.33] 0.05] 16.97] 22.20 0.06 75] 0.74 17.2 0.96
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Table 5. Sediment chemistry, percent substrate, water depth, percent cover type, and groundwater category for Nine Pipe and Ovando Valley wetland
study sites. Data from Borth (1998). Groundwater types; 1= recharge, 2 = discharge.

Site |Sed- | Sed- | Sed- | Sed- | Sed- | Sed- | Sed- | Sed- ]|Sed-P |Clay | Sand | Silt | Depth | Surfwat | DrySoil | Algae | Litter |GW?
pH | Cond | TKN NH4 NO3 Na Ca Mg
pS/cm | %N I mg/kg I mg/kg I mg/kg I mg/kg I mg/kg I mg/kg | % % % cm % % % %

NP1 ]9.0 2043 0.37 28 2 712 2462 440 29 38 22 40 97 0.78 0.03 0.17 0.17 2
NP3 7.6 369] 0.73 15 17 82] 11320] 1080 16] 29 43] 28 105 0.68 0.13 0.08 0.32 1
NP4 |74 223] 0.59 58 4 272) 1458 880 31] 42 32| 25 80 0.31 0.04 0.00 0.17 1
NP5 |8.6 1462 | 0.50 45 14 1184 1698 1060 43 34 27 39 73 0.46 0.35 0.00 0.05 2
NP7 7.8 461 0.42 82 3 250 1294 1880 60 32 35 33 96 0.65 0.00 0.03 0.04 1
NP8 7.3 4231 0.47 59 5 224 1456 1840 38 35 37 38 124 0.60 0.05 0.11 0.01 2
NP9 7.3 340 0.52 125 9 162 1422 1260 52 39 41 20 73 0.65 0.00 0.32 0.01 1
NP10 |7.5 659 0.39 81 2 382] 1092 580 53] 25 46| 28 84 0.68 0.00 0.16 0.02 1
NP11 ]8.2 822 ] 0.35 40 2 448§ 1850 1660 451 35 291 36 72 0.57 0.02 0.04 0.01 1
NP12 |7.8 656 | 0.49 64 9 392 1466| 1020 52] 17 20| 63 65 0.84 0.04 0.05 0.03 1
NP13 |7.4 358 ] 0.34 79 2 134] 1270 700 77] 16 27| 56 81 0.69 0.01 0.13 0.05 1
NP14 7.6 490| 0.64 64 14 200] 1540 860 51| 45 26| 29 50 0.69 0.03 0.01 0.15 1
BC15 |7.8 320] 0.52 13 10 44 5124 880 9 48 11 40 213 0.58 0.00 0.32 0.01 2
BC16 |8.5 780| 0.81 53 21 96 10480 1260 40 48 18 34 86 0.60 0.00 0.06 0.02 2
BC17 |7.6 270] 0.73 65 10 70 3306 306 84 41 12 47 86 0.90 0.02 0.00 0.01 1
BC18 |7.9 500] 0.87 36 15 46] 5322 558 32] 45 23] 32 114 0.32 0.06 0.06 0.02 1
BC19 |8.4 540 1.12 26 14 136§ 10720 330 17 48 11 40 114 0.79 0.00 0.07 0.07 2
BC20 |8.2 720| 1.16 7 37 180) 11960 318 39 35 18 48 47 0.51 0.00 0.12 0.25 2
BC21 |8.1 460] 1.05 9 18 148] 13280 276 17] 45 10] 45 59 0.57 0.00 0.06 0.21 2
BC22 |8.4 440 0.49 46 10] 1068] 1662 274 45] 48 13| 40 104 0.77 0.00 0.01 0.05 1
BC23 |8.1 500] 1.38 37 42 88 9220 482 23 38 10 53 114 0.81 0.01 0.12 0.03 1
BC24 |7.9 290| 1.43 39 25 56 6600 394 19 41 10 49 187 0.80 0.02 0.01 0.04 1
BC25 8.2 4501 0.93 42 16 62§ 11320 226 25 47 9 45 216 0.68 0.01 0.11 0.01 1
BC26 |7.5 360] 0.61 14 7 72| 8040 418 15] 38 13| 49 265 0.88 0.00 0.04 0.04 1
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Table 6. Correlation matrix of all water chemistry variables used in this study (Table 4).

pH 1. 0000
Cond . 7444 1. 0000
Tenmp -. 0053 -.2518 1. 0000
Al k . 7700 . 9921 -. 2751 1. 0000
NC3 -.0044 -. 0566 . 3828 -.0718 1. 0000
NH4 -. 2077 . 1309 -. 0240 . 1019 . 1885 1. 0000
Tot P -. 1237 . 1523 . 3171 . 0878 . 6549 . 4553 1. 0000
PO4 . 0780 . 3229 . 2872 . 2827 . 7019 . 4138 . 9354 1. 0000
Ca . 6691 . 5978 -. 3965 . 6542 -.5344 -.2592 -.6165 -. 4592
a -. 1149 . 2275 . 2591 . 1258 . 3033 . 3914 . 7638 . 6675
Fe -. 6562 -. 4586 . 2614 -. 5358 . 4486 . 3179 . 6921 . 4535
K -. 1006 . 0607 . 4840 -.0183 . 0268 . 2797 . 4546 . 3068
My . 7363 . 7710 -. 3706 . 8082 -.5124 -. 1416 -. 4372 -.2633
Mh -.5741 -. 3112 . 2084 -.3911 . 3648 . 3895 . 7052 . 4730
Na -.1631 . 2122 . 1825 . 1242 . 5125 . 4113 . 8375 . 7671
S . 3401 . 6470 -. 0616 . 5971 -.0814 . 0712 . 2007 . 2393
Si . 5483 . 4751 . 1953 . 4884 -. 1754 -.2511 . 0338 . 0823
s . 4521 . 7004 -. 2047 . 6768 -. 2392 . 0492 . 0119 . 0785
pH Cond Tenp Al k NGB NH4 Tot P PO
Ca 1. 0000
a -.5140 1. 0000
Fe -.9038 . 6159 1. 0000
K -.3038 . 6235 . 4408 1. 0000
My . 9290 -. 3079 -.8382 -.1382 1. 0000
Mh -.7384 . 5863 . 9151 . 5787 -. 6656 1. 0000
Na -.6153 . 9035 . 6978 . 4386 -. 3875 . 6228 1. 0000
S . 2581 . 4651 -. 1455 . 0423 . 4081 -. 1611 . 4322 1. 0000
Si . 5189 -. 0371 -.3929 . 2397 . 5144 -.2048 -. 2376 . 1466
s . 4491 . 2824 -.3364 -.0914 . 5863 -. 3549 . 2636 . 9385
Ca a Fe K My Mh Na S
Si 1. 0000
e . 1698 1. 0000
Si sS4

Table 7. Correlation of water chemistry variables with PCA axes, all Nine Pipe and Ovando Valley sites.
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PCA Canonical axes: 0

Cent ./ st and.
No transformation

Spec: Species scores (adjusted for species variance)

N NAVE

1
El G

1 pH

2 Cond

3 Tenmp

4 Ak

5 NCB

6 NH4

7 TotP

8 PO4

9 GCa

10 d

11 Fe

12 K

13 My

14 vh

15 Na

16 S

17 S

18 SO™4

by sanpl e

AX1

. 6961
. 5917

-.3348
. 6514

-. 5366
-. 3003

-.6182

-. 4451
. 9825

-. 5219
-.9378

-. 3465
. 9352

-. 8088
-.6173

. 3101
. 5301

. 5017

S:

. 4615

Covari abl es:

0

0

AX2

. 2856
. 6769

. 0272
. 6055

. 1637
. 2905
. 5701
. 5846
-. 0258

. 7665
. 1671

. 3101
. 2147

. 1629
. 7690

. 8699
. 1203

. 7880

by speci es:

AX3

. 3305

0

. 2583
. 2111

. 3954
. 1968

. 1280
. 0066

. 3698

. 3536
. 0354

. 2067
. 0703

. 6108
. 0816

. 2802
. 0312

. 2328
. 7755

. 3030

Scal i ng

1

. 1082

. 3297
. 3331

. 2638
. 3789

. 5175
. 1778

. 2406

L4742
. 0168

. 1192
. 1343

. 3848
. 0841

. 1235
. 1266

. 1945
. 1441

. 1499

. 0382

VEI GHT

PRPRPPPPPPRPPPPRPPRPPRRPR

.00
.00
.00
.00
.00
.00

00

. 00
.00

.00
.00

.00
.00

.00
.00

. 00
.00

.00

.00
.00

.00
.00

.00
.00

00

. 00
.00

.00
.00

.00
.00

.00
.00

. 00
.00

.00

PRPRPPPPPPRPPPPRPPRPPRRPR
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Table 8. Correlation of water chemistry variables with PCA axes, all Nine Pipe sites.

PCA Canoni cal axes: 0 Covari abl es: 0 Scal i ng: 2
Cent ./ st and. by sanpl es: 0 0 by speci es: 1 0
No transformation
Spec: Species scores (adjusted for species variance)
N NAVE AX1 AX2 AX3 AX4 VEEI GHT 1
El G . 6206 . 1704 . 1024 . 0621
1 pH . 8791 -.2704 -. 1057 -.0341 1.00 1.00
2 Cond . 9684 -. 1219 . 0317 -. 2075 1.00 1.00
3 Tenp -.0427 . 0048 . 2026 . 5279 1.00 1.00
4 Ak . 9702 -.1668 . 0526 -. 1566 1.00 1.00
5 NGB . 5106 -. 3759 . 7094 -. 0067 1.00 1.00
6 N#H4 . 3715 . 0719 . 4336 -. 3659 1.00 1.00
7 TotP . 7679 . 1326 . 5496 -. 1123 1.00 1.00
8 PA . 8206 -. 1469 . 5184 -.1024 1.00 1.00
9 G . 7005 . 1848 -. 5686 -.2034 1.00 1.00
10 d . 8080 -. 0647 . 0477 -. 5055 1.00 1.00
11 Fe -. 4469 . 6528 . 2542 -. 1052 1.00 1.00
12 K . 1358 . 6651 -.5179 -. 4097 1.00 1.00
13 M . 8380 -. 0086 -.5168 -. 0971 1.00 1.00
14 M -. 0259 . 7710 . 1100 -.4183 1.00 1.00
15 Na . 9169 -.3083 . 1795 -. 1639 1.00 1.00
16 S . 8693 -.3122 . 1470 . 2981 1.00 1.00
17 S . 7150 . 6570 . 1042 . 2019 1.00 1.00
18 S™4 . 7434 -. 3590 -. 2795 . 4592 1.00 1.00
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Table 9. Correlation of water chemistry variables with PCA axes, all Ovando Valley sites.

PCA Canonica
Cent . / st and.

No transformation

Spec: Species scores (adjusted for species variance)

N

1 pH
2 Cond
3 Tenmp
4 AKk
5 NGB
6 N#4
7 TotP
8 PO
9 G
10 d
11 Fe
12 K
13 M
14 M
15 Na
16 S

17 S

18 SO™4

NANVE

El G

axes: 0

by sanpl e

AX1

. 3127
. 8793

-. 1404
. 8464

-. 3346
. 1638

. 5293

. 4091
. 7446

. 8138
-.5232

. 2205
. 8167

-.2078
. 9737

. 9762
. 0382

. 9843

S:

. 7276

Covari abl es:

0 0

AX2

. 3392
. 1472

. 7273
. 1242

-. 0490
-. 1203

. 5514

. 4833
-. 0347

. 4703
. 1345

. 8994
. 1250

. 3383
. 0558

-. 0540
. 9001

-. 1457

by speci es:

AX3

. 1682

. 0391
. 3412

L1711
. 3831

. 0320
. 5270

. 0288
. 1567
. 0617
. 1141
. 3581

. 3035
. 4829

. 5720
. 1842

. 1302
. 3740

. 0813

0

Scal i ng:

1

0

. 4053
. 2901

. 3642
. 3421

. 0600
. 4903

. 4656
. 5076
. 6026
. 1247
. 6450

. 2150
. 1801

. 5980
. 0066

. 0756
. 1994

. 0170

. 0282

VEI GHT

PRPRPPPPPPRPPPPRPPRPPRRPR

.00
.00
.00
.00
.00
.00

00

. 00
.00

.00
.00

.00
.00

.00
.00

. 00
.00

.00

.00
.00

.00
.00

.00
.00

00

. 00
.00

.00
.00

.00
.00

.00
.00

. 00
.00

.00

PRPRPPPPPPRPPPPRPPRPPRRPR
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Table 10. Correlation of physical and sediment chemistry variables with PCA axes, all Nine Pipe and Ovando Valley sites.

PCA Canoni cal axes: 0 Covari abl es: 0 Scal i ng: 2
Cent ./ st and. by sanpl es: 0 0 by speci es: 1 1
No transformation
Spec: Species scores (adjusted for species variance)
N NAVE AX1 AX2 AX3 AX4 VEEI GHT 1
El G . 3151 . 1674 . 1197 . 0911
1 Sed- pH -. 3419 . 7344 -.3594 . 1898 1.00 1.00
2  Sed- Cond . 1527 . 8168 -. 3085 . 2619 1.00 1.00
3  Sed- TKN -. 8296 -. 0395 . 0752 -. 3746 1.00 1.00
4  Sed- N4 . 7275 -. 3469 -.2034 -.0884 1.00 1.00
5 Sed- NGB -.7383 . 1063 . 1292 -. 3755 1.00 1.00
6 Sed- Na . 5888 . 6010 -.3002 -. 0002 1.00 1.00
7 Sed- Ca -.9221 . 0781 . 1458 -. 0462 1.00 1.00
8 Sed- My . 6752 . 0210 . 3613 . 1649 1.00 1.00
9 Sed- P . 7282 -. 0185 -.3431 -.3574 1.00 1.00
10 day -. 5472 . 0819 . 3099 . 1181 1.00 1.00
11  Sand . 8438 . 1025 . 4129 -.0354 1.00 1.00
12 Silt -.4243 -. 0009 -.7304 -.0387 1.00 1.00
13  Dept h -.4392 -. 4796 -. 0495 . 4944 1.00 1.00
14  Surf Wat -.1766 -.3213 -.6720 . 0891 1.00 1.00
15 DrySoil . 2140 . 5376 . 1235 -.1686 1.00 1.00
16 Aga e . 0055 -.1584 . 2691 . 6895 1.00 1.00
17 Litt er -. 1919 . 4617 . 3882 -.3818 1.00 1.00
18 GWC harg -. 2955 . 6539 . 1203 . 4139 1.00 1.00
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Table 11. Correlation of physical and sediment chemistry variables with PCA axes, all Ovando Valley sites.

PCA Canoni cal axes: 0 Covari abl es: 0 Scal i ng: 2
Cent ./ st and. by sanpl es: 0 0 by speci es: 1 1
No transformation
Spec: Species scores (adjusted for species variance)
N NAVE AX1 AX2 AX3 AX4 VEEI GHT 1
El G . 2549 . 1969 . 1703 . 1338
1 Sed- pH . 5897 . 3232 -. 2562 . 3701 1.00 1.00
2  Sed- Cond . 8129 . 3499 -.1323 . 0064 1.00 1.00
3  Sed- TKN . 4454 -. 4778 -.1764 -.5174 1.00 1.00
4  Sed- N4 -. 5586 . 3643 -. 4416 -.1352 1.00 1.00
5 Sed- NGB . 6566 -.2528 -.1993 -.4444 1.00 1.00
6 Sed- Na . 2303 . 0793 -. 5879 . 6887 1.00 1.00
7 Sed- Ca . 6343 -.3452 . 3483 -. 2695 1.00 1.00
8 Sed- My . 0744 . 5266 . 5135 -.2031 1.00 1.00
9 Sed- P -. 0480 . 3004 -. 8339 -. 1136 1.00 1.00
10 day -.1641 . 6118 . 2403 . 4600 1.00 1.00
11  Sand . 2931 . 6970 -. 1627 -.3533 1.00 1.00
12 Silt -.0804 -. 9605 -. 1439 -. 0211 1.00 1.00
13  Dept h -.7103 -. 1271 . 5165 -.0218 1.00 1.00
14  Surf Wat -.5015 -. 5737 -. 2369 . 3567 1.00 1.00
15 DrySoil -. 2920 . 3824 -. 1550 -. 7680 1.00 1.00
16 Aga e . 2122 . 0119 . 7992 . 0688 1.00 1.00
17 Litt er . 7931 -. 3296 -.1725 . 1288 1.00 1.00
18 OGWC harg . 7352 . 1289 . 4124 . 3331 1.00 1.00
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Table 12. Correlation of physical and sediment chemistry variables with PCA axes, all Nine Pipe sites.

PCA Canoni cal axes: 0 Covari abl es: 0 Scal i ng: 2
Cent ./ st and. by sanpl es: 0 0 by speci es: 1 1
No transformation
Spec: Species scores (adjusted for species variance)
N NAVE AX1 AX2 AX3 AX4 VEEI GHT 1
El G . 2665 . 2445 . 1289 . 1160
1 Sed- pH . 0098 . 9323 . 0091 -.1088 1.00 1.00
2  Sed- Cond -. 1630 . 9113 -.0429 -. 1359 1.00 1.00
3  Sed- TKN . 8254 -. 2805 . 1984 . 3463 1.00 1.00
4  Sed- N4 -.7295 -. 5081 . 3327 . 0099 1.00 1.00
5 Sed- NGB . 6199 -. 0365 . 2745 . 4770 1.00 1.00
6 Sed- Na -. 3100 . 7967 . 4010 -.1503 1.00 1.00
7 Sed- Ca . 8566 . 1330 -. 4206 . 0425 1.00 1.00
8 Sed- My . 0628 -.3289 . 4035 -. 0757 1.00 1.00
9 Sed- P -.8976 -. 2023 . 1880 . 2130 1.00 1.00
10 day . 4268 . 0126 . 5623 -.4135 1.00 1.00
11  Sand . 2962 -.6458 . 0061 -.5343 1.00 1.00
12 Silt -.4431 . 5077 -.3382 . 4282 1.00 1.00
13  Dept h . 2259 . 0100 -.3838 -.6976 1.00 1.00
14  Surf Wat -. 2600 . 0976 -. 7195 . 2381 1.00 1.00
15 DrySoil . 4359 . 5519 . 4003 L1171 1.00 1.00
16 Aga e -.2187 -.2830 -. 4453 -. 4640 1.00 1.00
17 Litt er . 8400 . 0917 -. 2902 . 1670 1.00 1.00
18 OGWC harg . 0710 . 6963 . 1360 -.4418 1.00 1.00
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Table 13. Correlation matrices of selected water chemistry, sediment chemistry, other environmental variables, and species and environmental
axes. Results based on RDA analysis of data for Nine Pipe and Ovando Valley wetland sites, combined and alone. Selected values are
those that explained most of the variation in the diatom assemblage data set.

Ovando and Nine Pipe sites - ALL sites
Fromlog file nmoncom .| og

***x Correlation matrix ****

SPEC AX1 1. 0000

SPEC AX2 -. 0245 1. 0000

SPEC AX3 -.0135 .0180 1. 0000

SPEC AX4 -.0232 .0178 -. 0055 1. 0000

ENVI AX1 . 9628 . 0000 . 0000 . 0000 1. 0000

ENVI AX2 . 0000 . 9681 . 0000 . 0000 . 0000 1. 0000

ENVI AX3 . 0000 . 0000 . 9322 . 0000 . 0000 . 0000 1. 0000

ENVI AX4 . 0000 . 0000 . 0000 . 9486 . 0000 . 0000 . 0000 1. 0000

pH . 2441 . 1904 -.0916 . 1402 . 2535 . 1966 -.0983 . 1478

Cond . 2861 . 6398 . 3784 -. 1297 . 2971 . 6608 . 4059 -. 1368

Tot P -. 4187 . 5663 -. 0577 -.3532 -. 4349 . 5850 -. 0619 -.3723

Ca . 7649 -. 1136 . 3166 -. 1227 . 7944 -. 1174 . 3396 -. 1294

Fe -. 6958 . 0517 -. 1587 -. 0661 -. 7227 . 0534 -. 1702 -. 0697

K -. 5792 . 0920 .1980 -. 1440 -. 6016 . 0950 L2124 -. 1518

Si -. 0247 . 0263 . 4031 -.3283 -. 0257 L0272 . 4325 -. 3461

Sed- pH . 2533 . 6485 . 0235 . 1290 . 2630 . 6699 . 0252 . 1360

Sed- Cond . 0977 . 7936 . 1944 .1710 .1015 . 8197 . 2086 . 1803

Sed- TKN . 3572 -. 2773 . 3607 . 2066 .3710 -. 2865 . 3869 . 2178

Sed- P -. 4275 . 1254 . 3252 .1020 -. 4440 . 1295 . 3488 .1075

. O ay . 4666 -. 0406 . 0157 -.0725 . 4846 -. 0420 . 0169 -. 0765

. Sand -.5725 . 0918 . 0115 . 4798 -. 5946 . 0948 .0123 . 5058

Dept h . 3430 -.0266 -. 2595 . 2762 . 3563 -. 0275 -. 2784 . 2912

GW Char g . 3740 . 3902 . 0868 . 2454 . 3884 . 4031 . 0931 . 2587
SPEC AX1 SPEC AX2 SPEC AX3 SPEC AX4 ENVI AXL ENVI AX2 ENVI AX3 ENVI AX4

pH 1. 0000

Cond . 1066 1. 0000

Tot P . 0000 L1741 1. 0000

Ca . 0531 L2717 -. 4336 1. 0000

Fe -. 1760 -. 2001 . 5428 -. 7890 1. 0000
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K . 0000 . 1140 . 3637 -.3217 . 4807 1. 0000

Si . 0000 . 0000 . 1741 . 4076 -.2168 . 1899 1. 0000
Sed- pH . 3557 . 4666 . 2234 . 2905 -. 3466 -. 0292 . 2566 1. 0000
Sed- Cond . 3326 . 5672 . 2924 . 1195 -.2041 . 0273 . 1963 . 6999
Sed- TKN -. 1195 . 1019 -. 4880 . 5839 -.5889 -.3194 . 0510 . 2224
Sed- P -.1531 . 1306 . 3333 -.3902 . 5268 . 4364 . 0000 -.0670
.day . 1814 . 1237 -. 4146 . 3236 -.6638 -.3490 . 0928 . 1508
. Sand -. 1090 -. 1859 . 1780 -. 6575 . 6240 . 4428 -.3904 -.2338
Dept h -. 0256 -.3054 -.2089 . 2934 -.3961 -.3008 . 1091 . 0728
GW Char g . 3125 . 5330 . 0000 . 2124 -. 3519 -.2673 . 0000 . 3830
pH Cond Tot P Ca Fe K Si Sed- pH
Sed- Cond 1. 0000
Sed- TKN -.0122 1. 0000
Sed- P . 1880 -.2928 1. 0000
.0 ay . 1856 . 2254 -. 2666 1. 0000
. Sand . 0223 -. 4482 . 5874 -.4871 1. 0000
Dept h -. 0890 . 0856 -.5640 . 1262 -. 1562 1. 0000
GW Char g . 5116 . 1195 -.1531 . 3627 -.2180 -.0512 1. 0000
Sed- Cond Sed- TKN Sed- P .day . Sand Dept h GW Char g
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N ne Pipe sites only

SPEC AX1 1. 0000

SPEC AX2 . 0000 1. 0000

SPEC AX3 . 0000 . 0000 1. 0000

SPEC AX4 . 0000 . 0000 . 0000 1. 0000

ENVI  AX1 1. 0000 . 0000 . 0000 . 0000 1. 0000

ENVI  AX2 . 0000 1. 0000 . 0000 . 0000 . 0000 1. 0000

ENVI  AX3 . 0000 . 0000 1. 0000 . 0000 . 0000 . 0000 1. 0000

ENVI AX4 . 0000 . 0000 . 0000 1. 0000 . 0000 . 0000 . 0000 1. 0000

pH . 2676 -.1871 . 2296 . 0715 . 2676 -.1871 . 2296 . 0715

Cond . 8273 . 2712 . 2482 . 0780 . 8273 . 2712 . 2482 . 0780

Tot P . 4738 . 4491 -. 4032 . 1633 .4738 . 4491 -. 4032 . 1633

Ca . 3834 . 3376 -. 0486 -.2615 . 3834 . 3376 -. 0486 -.2615

Fe -. 5089 . 1261 -. 2920 . 0691 -. 5089 . 1261 -. 2920 . 0691

K -.3825 . 4526 . 2178 . 1527 -.3825 . 4526 . 2178 . 1527

Si . 2536 . 6632 -. 3472 L1271 . 2536 . 6632 -. 3472 L1271

Sed- pH . 8336 -. 0529 -. 0335 . 3992 . 8336 -. 0529 -. 0335 . 3992

Sed- Cond . 8904 -. 0648 . 2815 . 0579 . 8904 -.0648 . 2816 . 0579

Sed- TKN -.1039 -.2121 -.2578 . 0856 -.1039 -.2121 -.2578 . 0856

Sed- P -. 1441 . 1805 . 3135 . 0547 -. 1441 . 1805 . 3135 . 0547

.day . 2162 . 0812 . 5175 . 1332 . 2162 . 0812 . 5176 . 1332

. Sand -.4335 -.7825 . 0931 -. 1110 -.4335 -. 7825 . 0931 -. 1110

Dept h . 2235 -.6671 -. 2095 -. 0060 . 2235 -.6671 -. 2095 -. 0060

GW Charg . 5384 -. 3453 . 0456 . 3771 . 5384 -. 3453 . 0456 . 3771
SPEC AX1 SPEC AX2 SPEC AX3 SPEC AX4 ENVI  AX1 ENVI  AX2 ENVI  AX3 ENVI  AX4

pH 1. 0000

Cond . 2390 1. 0000

Tot P . 1690 . 3536 1. 0000

Ca -. 1429 . 4781 . 1690 1. 0000

Fe -. 0710 -. 5941 . 1400 -. 3550 1. 0000

K -. 0286 -. 1195 . 1690 . 2000 . 2130 1. 0000

Si . 1309 . 2739 . 7746 . 3928 . 1085 . 1309 1. 0000

Sed- pH . 2870 . 6860 . 4851 . 2050 -. 3057 -. 2050 . 1879 1. 0000

Sed- Cond . 4099 . 7348 . 3464 . 4099 -. 5336 -.2928 . 2683 . 7562

Sed- TKN -.6625 -. 2132 -. 3015 . 3568 -. 1267 -. 0510 -.2335 .0731

Sed- P . 0976 . 0000 . 1925 -.2928 . 5659 . 0976 . 1491 -. 1400

.day . 1429 . 2390 -. 1690 -. 3143 -. 4971 -. 2000 -. 1309 . 0410

. Sand -. 1429 -. 5976 -. 5071 -.3714 . 2130 -. 1429 -. 6547 -. 2870

Dept h -. 1195 -. 1250 . 0000 . 1195 -.2970 -. 1195 -. 2739 . 1715

GW Charg . 2928 . 4082 . 1925 -. 0976 -. 5659 -.4880 . 1491 . 4201
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pH Cond Tot P Ca Fe K Si Sed- pH

Sed- Cond 1. 0000

Sed- TKN -.1044 1. 0000

Sed- P -. 0667 -.5222 1. 0000

.day . 2928 -. 3568 -. 0976 1. 0000

. Sand -. 2928 . 3568 . 0976 -.3143 1. 0000

Dept h . 2449 . 4264 -. 4082 -. 1195 . 4781 1. 0000

GV Charg . 6000 -.1741 -. 1111 . 4880 -. 0976 . 4082 1. 0000

Sed- Cond Sed- TKN Sed- P .day . Sand Dept h GV Charg

Ovando sites only

**xx Correlation matrix ****

SPEC AX1 1. 0000

SPEC AX2 . 0000 1. 0000

SPEC AX3 . 0000 . 0000 1. 0000

SPEC AX4 . 0000 . 0000 . 0000 1. 0000

ENVI  AX1 1. 0000 . 0000 . 0000 . 0000 1. 0000

ENVI  AX2 . 0000 1. 0000 . 0000 . 0000 . 0000 1. 0000

ENVI  AX3 . 0000 . 0000 1. 0000 . 0000 . 0000 . 0000 1. 0000

ENVI  AX4 . 0000 . 0000 . 0000 1. 0000 . 0000 . 0000 . 0000 1. 0000
pH -.1892 -.0123 . 7219 -. 3548 -.1892 -.0123 . 7219 -. 3548
Cond -.2936 . 8055 -. 0561 -. 0270 -.2936 . 8055 -. 0561 -. 0271
Ca -.2843 . 3853 -. 2533 . 4757 -.2843 . 3853 -. 2533 . 4757
K . 4957 . 3599 . 4567 . 3623 . 4957 . 3599 . 4567 . 3623
Si . 5755 . 1044 . 0250 . 3581 . 5755 . 1044 . 0250 . 3582
Sed- pH . 1490 . 4358 . 4331 . 0613 . 1490 . 4358 . 4331 . 0613
Sed- Cond . 1281 . 8099 . 1078 -.1198 . 1281 . 8099 . 1078 -.1198
Sed- TKN . 3745 . 2753 -. 1559 -.5324 . 3745 . 2753 -. 1559 -.5324
Sed- P . 3287 . 5755 -.1345 . 3543 . 3287 . 5755 -.1345 . 3543
. Sand . 1564 . 3757 . 3660 . 4116 . 1564 . 3757 . 3660 . 4116
Dept h -. 1927 -. 4845 . 3438 . 2057 -. 1927 -. 4845 . 3438 . 2057
GV Charg -. 4390 . 4888 -.2426 -.3243 -. 4390 . 4888 -.2426 -.3243

SPEC AX1 SPEC AX2 SPEC AX3 SPEC AX4 ENVI  AX1 ENVI  AX2 ENVI  AX3 ENVI AX4
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pH 1. 0000

Cond . 0000 1. 0000
Ca -. 2582 . 5976 1. 0000
K . 2255 .2784 . 2911 1. 0000
Si -.2108 -. 1464 . 2449 . 5705 1. 0000
Sed- pH . 5222 . 3223 . 1348 . 7458 . 3303 1. 0000
Sed- Cond . 2582 .4781 . 2000 . 4076 . 2449 . 6742 1. 0000
Sed- TKN -. 1111 . 3086 -.2582 . 0752 -.2108 . 1741 . 2582 1. 0000
Sed- P -. 2425 . 2245 . 1879 . 3828 . 1534 . 3800 . 5636 . 2425
. Sand . 1925 . 0000 . 0000 . 3906 . 0000 . 3015 L4472 -.1925
Dept h -. 0808 -.4491 -.1879 -.1641 . 1534 -.3800 -.5636 -. 5659
GWN Charg . 2928 . 6325 . 3780 -. 0220 -.1852 . 3568 . 5292 . 0976
pH Cond Ca K Si Sed- pH Sed- Cond Sed- TKN
Sed- P 1. 0000
. Sand . 7001 1. 0000
Dept h -.5294 -. 1400 1. 0000
GWN Charg -.0710 -.1690 -.4971 1. 0000
Sed- P . Sand Dept h GW Charg
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Click here for image of Figure 1

Figure 1.  Principal Components Analysis (PCA) of all average water chemistry characteristics (Table 4)
for all Nine Pipe and Ovando Valley wetland sites. Impaired sites are shown as black dots.

THE ACADEMY OF NATURAL SCIENCES 33 PATRICK CENTER FOR ENVIRONMENTAL RESEARCH


Alexander R Todd
Click here for image of Figure 1

http://www.epa.gov/owow/wetlands/bawwg/montdiatom_figures.html#fig1

Click here for image of Figure 2

Figure 2.  Principal Components Analysis (PCA) of all average water chemistry characteristics (Table 4)
for all Nine Pipe wetland sites. Impaired sites are shown as black dots.
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Click here for image of Figure 3

Figure 3.  Principal Components Analysis (PCA) of all average water chemistry characteristics (Table 4)
for all Ovando Valley wetland sites. Impaired sites are shown as black dots.
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Click here for image of Figure 4

Figure 4.  Principal Components Analysis (PCA) of sediment chemistry and physical characteristics
(Table 5) for all Nine Pipe and Ovando Valley wetland sites. Impaired sites are shown as black
dots.
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Click here for image of Figure 5

Figure 5.  Principal Components Analysis (PCA) of sediment chemistry and physical characteristics
(Table 5) for all Nine Pipe wetland sites. Impaired sites are shown as black dots.
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Click here for image of Figure 6

Figure 6. Principal Components Analysis (PCA) of sediment chemistry and physical characteristics
(Table 5) for all Ovando Valley wetland sites. Impaired sites are shown as black dots.
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Click here for image of Figure 7

Figure 7. Redundancy Analysis (RDA) of diatom data and selected water chemistry, sediment chemistry
and physical characteristics (Table 5) for all Nine Pipe and Ovando Valley wetland sites.
Impaired sites are shown as black dots.
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Click here for image of Figure 8

Figure 8. Redundancy Analysis (RDA) of diatom data and selected water chemistry, sediment chemistry
and physical characteristics (Table 5) for all Nine Pipe wetland sites. Impaired sites are shown
as black dots.
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Figure 9. Diatom taxa plot from Redundancy Analysis (RDA) of diatom data and selected water
chemistry, sediment chemistry and physical characteristics (Table 5) for all Nine Pipe wetland
sites. Impaired sites are shown as black dots.
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Click here for image of Figure 10

Figure 10. Redundancy Analysis (RDA) of diatom data and selected water chemistry, sediment chemistry
and physical characteristics (Table 5) for all Ovando Valley wetland sites. Impaired sites are
shown as black dots.
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Click here for image of Figure 11

Figure 11. Diatom taxa plot from Redundancy Analysis (RDA) of diatom data and selected water
chemistry, sediment chemistry and physical characteristics (Table 5) for all Ovando Valley
wetland sites. Impaired sites are shown as black dots.
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