


Summary

Here’s a dense and dry summary of the next 60pafe hope that the text itself is more fun and
more understandable than this abridgement, buase gou want to cut to the point...

Ponds have proliferated in Columbia County overghst 50 years. We estimate a 7-10 fold increase
during this period. This pattern is reflected natwide. Initially, agricultural considerations drotheeir con-
struction; of late, construction has been pusherkrhbyg landscaping fashion. Our previous work sutgges
that farm ponds could provide valuable habitataime native species. We undertook this work with the
goals of better understanding this expanding aqumaitat, of further exploring ponds as on farrhitads
and comparing them with ornamental ponds, and @figing pond owners with greater insight into tlcele
ogy of their ponds.

We studied nearly 100 open-land, permanent poruisd the County (although not all data were
collected for all ponds). We inventoried pond-assed biota (plants, butterflies, dragonflies antpaibi-
ans), measured aspects of the pond physical emént) and gathered remote-sensing data on surmgndi
landuse. We then took this information and asked these three different aspects of the pond intedac
How, for example, does land use affect the biolofggur ponds, how does it affect their sedimentsy h
does the geology of the pond’s setting influensdifie? We will emphasize the fact that ponds nedae
considered as parts of the greater landscape rtdeias isolated worlds to themselves.

Our report is hardly exhaustive and it is entirddgcriptive. That means that the patterns we igighl
may hint at cause and effect, may be artifactaimsample, or may reflect deeper relationshipsweatid-
n’t understand. Nonetheless, to our knowledge,ithilse first time that an extensive biologicaidst of our
county’s ponds has been undertaken. We hope thadvtdes insight and information for those curiéais
understand more about their own ponds and thoseested in the ecology of our landscape.

In this report, we first explore our information pond waters and sediments. We collected very lim-
ited data on pond water (pH, Total Dissolved SOil3S; measured as conductivity], and surface tempe
ture). Most of our ponds were basic or circum-redyutndicating that buffering of acidic rainfallas occur-
ring. At least in part, this buffering appeared#&due to the presence of calcareous (i.e., catbiearing,
such as limestone) rocks in our region’s geolognd”pH showed correlations with pond sediment aaici
concentrations and with the acidity of the undeysoils as reported by the County soil surveyalldis-
solved solids, a measure of the amount of nutrientsother materials in a pond’s water, increasedare
basic ponds probably due in part to the increaseel$ of dissolved calcium, magnesium and potassium
ions. There was also a suggestion in the dataltb&tincreased with greater human development irstine
roundings. Temperature data were too scant to alesepth analyses. In sum, our initial explorasiar
water characteristics showed a marked link to #@agy of the landscape and, perhaps, at leastialgak
to neighboring land use.

Our information on sediments was more extensiveldgstanding pond sediments is important both
because they are historical records of the in-tddwaterials to a pond and because they are resefvai-
trients, toxins and other compounds, reserves whiglogical activity and physical mixing can tapeWad
measures of sediment depth, sediment color (basidalrker sediments indicate more organic mattaTdl,
the concentrations of several heavy metals (egd,|copper, iron, but not mercury) and potentiatigor-
tant nutrients (i.e., phosphorus and potassiummdRge appeared to play an important role in slyageali-
ment depth and color; older ponds tended to hagpatedarker sediments.

The sediment concentrations of a variety of eldsi@uminium, copper, iron, lead, manganese,
nickel, phosphorus, vanadium and zinc) exceedeslipred background levels in most of our ponds. For
several of these elements (iron, lead, managaaedghosphorus), levels often exceeded values pezsu
to have ecological effects. We did not, however strong evidence of major effects in our subsegue
analyses of the biological data. To better undedtstatterns in our sediment chemistry data, we ased
method called principal component analysis to idgitusters of elements that tended to vary toget®ne
important cluster of elements seemed to represgrawp of elements showing relatively high levdisan-
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tamination or enrichment. This cluster tended tvslis highest values in more acidic ponds, witallsiwver
sediments and, perhaps, with more nearby housesoflly other cluster which was readily understatelab
was one that represented the sediments with relgtivgh pH'’s (i.e., “alkaline” or “basic” ponds).

Thus, as we had already seen with water valudgnsat chemistry showed apparent links to under-
lying pond geology and surrounding land use. Sediroelor and depth also seemed related to an aspect
pond history (i.e., pond age).

We began our exploration of pond life by lookingralicators of and factors affecting poedtrophi-
cation Eutrophication refers to excessive nutrient dnment of a pond resulting in unnaturally profuse
growth of pond plants and algae. It has been rezedras a major human impact on aquatic ecosystems.
One of the common ways that eutrophication is iedeis by measuring chlorophyll levels in the water.
(Chlorophyll is the molecule that gives algae alaoh{s their green color.) The index, called thephio
State Index (TSI), has been used by many ecologmstso lets us understand how our ponds compare to
ponds elsewhere. Forty-one percent of the 92 ptmrdshich we had data were classified as “eutrophic
meaning that their ecologies were likely substdgtealtered by nutrient in-flow. This compared t2% of
13 ponds in a study of a more urban Pennsylvaniatgpand 16% of 24 ponds in a state-wide Massachu-
setts study.

TSI was not correlated with sediment phosphoraisgphorus is thought to be one of the main nutri-
ents which causes eutrophication); it was corrdlatgh a variety of land use parameters althougir ih-
terpretation was not straightforward.

In order to assess pond plant and algal growtrerboyadly, we also looked at total aquatic growth—
a variable we created by combining our Septembasorements of chlorophyll, spring estimates odlalg
cover, summer estimates of total coverage of agpéints, and September estimates of duckweedAvater
meal coverage. Total aquatic growth decreasedeiptbsence of fish and as lawn and woods in the sur
roundings increased. Sediment phosphorus did ne#eaago be related to total aquatic growth.

In sum, many of our ponds appeared to be “eutemffhHowever eutrophication (measured either as
chlorophyll concentrations or as total aquatic glgwas not correlated with sediment phosophurlisega
There appeared to be complex relationships wittosading land use.

After considering eutrophication, we moved ondoK at patterns in the diversity of plants and ani-
mals. We found 369 species of plants in or arowrrdponds. Of these, 158 were wetland species, 4& we
aquatic, and 170 were upland. We did not look afféictors affecting upland species in any detaitaoise
they were probably not closely related to the presef the pond. For wetland and aquatic speciesjer
scribed the factors correlated with the diversitpative and invasive species. Native wetland ptaversity
increased as wetland area adjacent to the poneased and decreased with adjacent developmenteNati
aquatic plant diversity was also enhanced wherethvass added adjacent wetland and as pond agesedrea
Wetland and aquatic invasive plant species (ana$xe” species is a non-native species which islhap
invading certain habitats) showed a strong posiationship to pH—more basic ponds tended to have
more invasives. So again, we see the combinecdeinfies of natural geology (as expressed in pH)ardd
use.

We found 10 species of frogs and salamandersglotin pond study. There are more amphibian spe-
cies in the County, but they were not detecteduyneethods or favored other habitats. The factostmo
strongly correlated with amphibian diversity andiadlance (we combined these two measures into cae) w
non-agricultural development. Amphibians declinegdach development increased; they increasedals tot
aguatic growth increased.

Vernal pool amphibians (those that favor tempopanyds, Wood Frogs and Spotted Salamanders in
our case) increased as adjacent woodland incre8sel.a relation is not surprising given that thgsecies
pass most of the year not in ponds but ratherarathjacent upland. At least one vernal pool amphibic-
curred in 40% of our ponds, despite the fact tHaifaour ponds were permanent.

Interestingly, when fish were present in pondsphilmian abundance increased as shoreline vegeta-
tion increased; no such pattern was evident whamviiere absent. Others have suggested that amphibia
rely on such vegetation for shelter from fish ptexa



We found 47 species of dragonflies and damseldiggng our pond surveys. These odonates have
aguatic larvae and so are closely tied to pondsdidded our odonates into two groups: speciabsis gen-
eralists. The “specialists” were species whichlitieeature indicated have somewhat restricted aalpitefer-
ences, often preferring marshlands or vernal pasispposed to broad, open ponds. Specialist ododate
creased when fish were present, and increasedrasisding pasture increased. The relationship paté-
ture, which also appeared in our subsequent asadysiutterflies, appeared to be due to the faitghazed
ponds tended to have scruffier margins than mésrgionds. The importance of pH returned in oudystf
odonates—more basic ponds tended to have more @dspecies.

Butterflies are not aquatic during any stage efrthives. However, as caterpillars, some speates d
rely largely on wetland plants such as sedges. Midedl the 39 species of butterflies that we fourtd two
groups—wetland and generalist butterflies. Wetlanterflies were relatively rare and so our anaysere
limited. Wetland butterflies increased in abundaas adjacent pastureland increased; we believd tlal,
this relationship may be due to the increased wetiea tolerated around ponds in pastures vawind or
developed land. More wetland, meant more caterglad plants. We did not explore the factors affer
generalist butterflies in detail because, like ogdlalants, we presumed they were not closely bati¢
ponds. Interestingly, initial data exploration sagtgd a strong relationship between these buésdind
pond sediment chemistry. It may be that sedimeainisiry reflects the chemistry of the surroundiadssto
some degree and hence the elements influencingvbegb.

We concluded our work by looking at the interctatien amongst our diversity measures: plant, but-
terfly and odonate diversity all appeared to beegimtercorrelated; amphibian diversity seemed niale-
pendent. We created a single measure, “Grand Diyenahich incorporated all four of our diversityeas-
ures. Grand Diversity increased with increasinggoiel decreased as non-agricultural developmentisuh
roundings increased. Given the correlations assatiaith each of our diversity components, in whith
and aspects of land use both regularly showed up@artant, these results are not surprising. Tdwfirm
our impression that the ponds’ biotas are shapedbgtion in both the natural setting and the aumdings
human use.

Our results serve more as background and motivedod management than as instructions for sucheSom
agricultural ponds (e.g., pasture ponds) tendédht@ quite high diversity, while those associaté&t w

higher levels of residential or commercial develepirtended to be poorer. However, it is probabdy th
ramifications of these uses, rather than the dsmrdelves, that create this pattern. This meansrthaag-

ing your home pond so that it looks more like ay@spond, even if you don’'t have cattle, may viale
positive effects on biodiversity. Likewise, lettiogws into the water trap at a nearby golf-cousagniikely

to automatically enhance that pond’s biodiverdkgad in depth, we hope our report provides thestfmol
shaping a vision of the habitat ingredients oftreddy diverse ponds. Perhaps this spurs some otyseek
out the resources for then including such ingredienyour own pond management. We provide some man
agement references to get you started!

To request a digital copy of this report, sharesobations, make corrections, ask
guestions, or generally shoot the breeze about poaldgy, you can contact us at:

Conrad Vispo & Claudia Knab-Vispo
Farmscape Ecology Program
Hawthorne Valley Farm
327 Rte. 21C
Ghent, NY 12075

fep@taconic.net; (518) 672-7500 ext. 254
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Ponds of Columbia County:
Patterns in their Biodiversity; Thoughts on their Bhagement.

Introduction

Our landscape has hues, it does not have compinetie same sense that a car has components.
While its hues can be named and described, they o one another; they are not standardizedisudete.

A pond is such a hue. While most ponds have dissinares where water meets land, much of a pondtiso
easily bound — dust settles from the air, watex ftwings in the effluent of the surrounding landyamisms
creep or fly in and out. Nor are most ponds indéeenin history — a large majority of our ponddeetf not
just water’s urge to pool, but also humankind’seutg dig watering spots, fishing holes, fire ponrdflecting
pools and the like.

The point of this little work is
to show how the lands that surround a
pond meld into the pond itself and how
the pond reaches out and into the
surrounding history and landscape.
Aside from informing our view of the
landscape, these linkages have
implications for our actions, because
much of what affects a pond derives
from our own influence on the land.

There is much to know about
our ponds and about the landscape and
history of our county. This review is
patchy and incomplete; we hope that it
Fig. 1. The history of pond extent in the USA. Tadieectly from Dahl 2005. is nonetheless illustrative.

Why focus on ponds? Because they are somethingandwdifferent, literally.

Ponds are the most rapidly growing of our aquagicitats; indeed, they are probably the only obdiss
still-water wetland that is not declining natioryadind regionally (see Fig. 1). The latest nati@ssessment of
wetlands announced that for the first time in thet[200 years, wetland area increased in the UBoédh
rates of decline for other types of wetlands hawelenated, the sole reason for timsreasewas the increase in
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Fig. 2 Columbia County pond construction duringetiihg Fig. 3 Estimated rates of pond construction (pobdit per year)
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pond construction. In local terms, when we usedbghotos to count ponds in a square mile aroured 0
Columbia County Farm, we found an increase frgpor2ds in 1948 to 24 ponds in 2004. Of the 97 pavels
aged (using historical aerial photos), only 13 wanesent when the first set of photos was takehearl940s
(Fig. 2). The rate of subsequent pond construdtambeen high (Fig. 3). This pond-building flurgstmuch to



do with the recent history of our landscape.

In the 1960s and ‘70s, the US government
subsidized extensive farm pond construction. Fasmer
took advantage of these monies to build ponds for
livestock watering, irrigation, and run-off control
After that period, agricultural and residential
purposes were both important, with the residential
probably dominating during the past 5 — 10 years.
Reportedly, on-site fire ponds ease insurance costs
however, much of the momentum comes from
fashion — a pond has become a desired component of
a rural property. The landscaping of corporate and
private properties now frequently includes the
installation of a pond. This rapid proliferation of

Fig. 4. A new pond under construction. While pocais add ponds (F.ig' 4) _prompts our investigation of the.ier
beauty, recreation potential and a source of watezase of as aquatic habitats. Are all these ponds providing
fire, it is worth asking of any new pond—what wedldabitat ~ valuable aquatic habitat? Or, as the author of the
might it be replacing? And, will the pond that rissinave eco-  latest national wetland assessment poses the prpble
logical value for native species?
Without the increased pond acreage,

wetland gains would not have surpassed wetlanadaring the timeframe of this study.

Although increases in pond acreage were importamheeting the national wetland quantity

goals, creation of some types of ponds may not theetational wetland quality goals

established in 2004. Ponds created as mitigatiorife loss of some vegetated wetland types

are not an equivalent replacement for those wesa@huging the functional value of ponds

and predicting their long term viability will requé additional work?

Our previous work provided additional justificatiéor our focus on ponds. Our initial studies ahifa
ponds indicated that some ponds were utilized byhaloians, including vernal pool species. Researcimer
other areas have also concluded that some farmspmardprovide valuable amphibian habitat. We were
intrigued and decided to continue our exploratibthe biodiversity of on-farm habitats by focusioig ponds
and trying to better understand their conservatadne for native organisms. As a point of compariaad
because of their rapid proliferation, we also labké ornamental ponds in residential or commeguieas.

Finally, and related to the first point, the pab$ interested in ponds. Our public displays dytime
summer months frequently result in questions apouts or their inhabitants. Often these are managem
guestions such as “My pond is green, what do | dd/ile it might seem a stretch, this is reallyemological
guestion, and the answer may have as much to thoewtilogical outreach as it does with providingvact
management solutions. (To paraphrase Winfield Rédfca pond ecologist, one needs to show people th
‘green is beautiful’3

After reading the report that follows, we hopettyau will better appreciate the interconnectedrdss
our landscape, the rich ecology of your ponds,yand role in maintaining that ecology.

A Warning
The descriptions that follow rely heavily on grand some pseudo-statistical analyses. While we ha

done our best to tie these numbers to realityethes tables and graphs nonetheless. We believthdse

details are important for ‘truth in reporting’ —\la@an you, or anyone else, make reasoned judgments
concerning land use if you do not have accesss lolata and analyses? Without those data, youdyost

have to trust us and, take it from us, that’s kyrggroposition! So, please do not be deterred if gyee lots of
numbers and figures — they are just numeric waykestribing observations. If you explore them empygu

will surely come to question some of our conclusidrecause what we present are only consideratfons
evidence not absolute truths. If you come to aaeed disagreement with some of our conclusionsl we’l
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happy, not because we like to be wrong, but becuwssuld show that you've really dug in.

Statistics are a way of summarizing numbers akohghow likely a given result is by chance aloime.
order to do this with 100% validity, one’s data @asneet certain assumptions. Our data doesn’'tya\da this
for reasons that will be mentioned later. Thus,dfaistical results that we cite should be seandisators of
patterns and their relative strength rather thamgasous tests of statistical significance. Furnthere, while our
interest in correlations and comparisons derivesifan interest in possible cause and affect, tbeselations
alone only indicate that two (or more) variablegpa similar ways; conclusions about cause andatftan
only be made based on background information dtichately, are best tested through experimentatrtben
possible. Finally, probability alone tells us tkatne of the apparent relationships highlighted loystatistical
analyses are likely due to happenstance and defiftéct broader ecological patterns.

Ponds are focal points for human influence on the landscape; they proliferated rapidly during the past cen-
tury. Based on our study of Columbia County ponds, this paper will illustrate the connection between ponds
and the surrounding landscape, and evaluate aspects of their ecological role. The statistics that we present
are meant to illustrate possible patterns in the data rather than provide rigorous statistical tests or direct
proof of cause and effect.

Part I: The Pond Itself

THE PONDS WE STUDIED

We studied 97 open ponds scattered across Colubdhiaty (Fig.
5). We intentionally avoided including ponds surrded by forest. We
may include these at a future date, however beaafuser limited
person-power and the fact that our questions tlatienarily to open
ponds in altered landscapes, we did not includieetpnforested ponds in
a semi-wild state. Our ponds did vary widely inithgoximity to forest
and the degree of development in their surroundiigs chose ponds so
as to cover a range of common land uses in our Beessed upon
surrounding land use, we classified 34 of our pasitarm ponds, 28 as
lawn ponds, 25 as having mixed uses, and 10 asnget having either
use (but yet still located in open areas).

We tried to distribute our ponds across the Caumbyever the
practicalities of gaining access to private proparid the logistics of
travel dictated by our budget, meant that our pamei® not randomly  Fig. 5. The location of the ponds we stud-

distributed on the landscape. A random distributtoone assumption in i€d: Three ponds were, technically, located
in Dutchess County, however they be-
100

100 — longed to Columbia County farms.
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ponds were less than 5 acres in size. we studied.
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some statistical tests. The average pond size
was .9 acres, although most ponds were
clustered below 1 acre (Fig. 6). The average
size of the 91 ponds of less than 1 acre in size
was about 1/4 acre (Fig. 7). Figs. 8, 9, 11 and
12 illustrate some of the variation in size and
location found amongst our ponds.

We were not able to gather all data
from all ponds. Hence, in the figures, tables,
and summaries that follow, the total number of
ponds included in our analyses will vary
somewhat depending upon exactly which
measurements we are considering.

THE BROTH AND THE DREGS
One can think of the pond as having
Fig. 8. Our ponds ranged from constructed gardendsoto... two aspects: its waters and its sediments. In
other words, what you swim through and the
muck you step into. Before considering what livesi around a pond, let’s consider some of theataristics
of a pond’s water and sediments.

Aside from the waters draining highly eroded argfake world, such as the ancient rocks of the
Adirondacks or Guyanan Shields, few natural waaeesvery pure. (And even these waters have beatedai
by human activities.) Most waters are a soup dksaitbeit an admittedly watery broth. They maytaon
nutrients, toxins and other chemicals which infeethe life of resident organisms. Like the seditsémat
collect in the bottom of your soup bowl, the seditseof a pond are mostly the accumulated debrishignze
filtered down out of the water above.

Sediments (Fig. 10), like the waters they undeniay contain various foods, poisons and other
materials. However, these chemicals are not sealdd pond’s basin. The surface sediments aréyeasi
churned up and resuspended in the water by wisld, Wading cattle or other disturbances. Furtheemor
sediment-dwelling creatures may consume foodsein thileau and then be consumed by animals livintipe
water. Likewise, a plants’ roots may dig into theervand carry
sediment chemicals up into their exposed greerieis/because of this
continual potential for interchange that hazardoaserial remediation

Fig. 10. An example of a pond core. The

clear plastic tube was held within a metal

tube that was lowered into the sediment. It

was then capped, returned to the surface,
Fig. 9. .... farm ponds and .... and removed from the metal case.
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often considers removing or sealing aquatic
sediments. Remediation sometimes also uses
plants to extract unwanted soil eleméhts.
There are many ways of describing a
pond’s waters. One could, for example, analyze
for just about any kind of element or compound.
However, many of these tests are costly and
might not tell us much that’s relevant to a
pond’s life. While we would have liked to do
more, we measured only three different
characteristics of each pond’s waters: its pH, its
temperature, and its dissolved solids.
The pH of a pond tells you its acidity.
As the troubles with acid rain illustrate, pH can
play an important role in determining what lives
in a given pond. Acidic vinegar is used as a
preservative because relatively few creatures
can live in it. The pH also has a more subtle Fig. 11. ...to ponds in more manicured surrounditigsugh...
effect. In general, higher pH’s (i.e., less acidic
ones), tend to liberate more usable nutrients. iBhasie of the reasons that farmers lime theid§elLime, by
increasing pH, makes soil nutrients more accessibigowing crops. However, too high a pH can alsess
plants. Pond pH is determined by the interactioacid inputs and a pond’s buffering capacity. jfoad is
sitting on a giant Alka-Seltzer tablet, then thexirhot chili that falls from the sky won’t be asubling.
Calcareous rock is the geological equivalent ofAlk&@-Seltzer tablet. (Rocks or soils bearing litoee or
related materials are called “calcareous” becafifigesr calcium content)
Total dissolved solids (often abbreviated TDS) measure of the thickness of a pond’s watery bibth
gives a crude index of how much material is dissdln the water. It doesn’t tell you what that miates, but
it does give you one way of indexing relative pur{tOf course, life needs minerals and nutrientsuvive, so
don’t equate purity with vitality.)
Temperature is one of the great pace makers afenathe speed of most reactions — living or mihera
increase as temperature increases. In our cassaysetemperature varied relatively little, becatseflected a
variety of factors (e.g., exposure to sunlight,
recent weather, presence of springs), and
because our measurements were very scant
(one measurement from the pond’s surface),
our measurements probably have limited
utility, but we’ll mention them so as to make
a broader general point about pond ecology.
Our information about pond
sediments was more extensive. First of all,
we wanted to know about sediment
phosphorus levels. Phosphorus is thought to
play a key role in pond ecology because,
although it is necessary for the growth of
most plants and algae, it is not usually
common in nature. This means that it is
frequently a “limiting nutrient”. Just as water
might be a limiting nutrient for an explorer in
a desert, but food a limitation for a sailor
Fig. 12. ...what might be more suitably describsd small lake. becalmed on the Great Lakes, so too do
ecologists often highlight certain nutrients as
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the determinants of life’s exuberance in a giveviremment. In ponds, phosphorus is one such kegstohnus,
we tested for phosphorus in our pond sedimentsaMtecollected information on the concentrationa cdnge
of other elements, including several heavy metals.

Aside from describing a sediment’s chemistry, \g® @escribed a couple of its physical qualities,
namely its minimum depth and its color. Sedimemtklevas measured by noting the length of the sedime
column that our corer brought to the surface. Beedhat corer had a limited capacity and becaludiesat
was sometimes lost during collection, we believernaasurements indicated a minimum depth. Orgaaitem
(mainly carbon — think charcoal) tends to be blaeid it could be indexed by recording the coloowf cores.
We described color as light, medium, and dark withlast reflecting sediments with the deep bldakrganic
matter and the first those with the clayey greynaieral sediments.

What do these measurements tell us about the anga our ponds? Here comes the data...

We studied 97 open ponds scattered around the County. These averaged a bit less than 1 acre in area. One
can partition ponds into a water and sediment portion, the broth and the dregs, so to speak. We'll begin by
looking at each of these separately before looking at in-pond life.

WATER
pH — the Facilitatort ow pH (high acidity) can render a pond lifelesshil% there are natural sources of
acidity, the recent acidification of northeasterat@rbodies is mainly due to acid rain, which, imfus caused
mainly by the sulfur and nitrogen released by ids®l burning. However, just because the raindas$i of,
say, 4.5, doesn’t mean all waters receiving thatwell have a similar pH. Luckily, there is a rangf factors
that help buffer a pond’s acidity, and some of ¢haxe effective in our area. Ponds without suclfebsitan
suffer profound ecological effects.

Our waters are not very acidic (Fig. 13). A pH/d indicates neutral waters, and most of our ponds
were above that value. The average, for 90 ponds,av. This compares to an average of 5.6 for 56
Adirondack ponds. Given that 6.0 or lower is theqftnost rainwater, our ponds were likely buffebsd
alkaline soils (or bedrock) or by agricultural lmgi Calcium-containing rocks and soils are the nsostmon
regional geologic buffers and, indeed, the presefcalcium in our pond sediments was significanéiated
to pond pH (Fig. 14). Based upon data in the Colar@munty Soil Survey (as summarized by Hudsomia),
classified each pond’s underlaying soil type as@alous (C), Slightly Calcareous (SC), or Not @adous
(NC). Appropriately enough, pond sediment calciuaswelated to this classification of the underlysog
(Fig. 15); it was not, however, related to pond (iSg. 16). This suggests that the pH of our pamdy have
been determined to a large degree by the underiyingrals, rather than by the surrounding land®use.

In conclusion, pH did not seem to reach ecolotjqadisonous extremes in our ponds. However, pH
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Fig. 13. The pH of our ponds. Seven is consideeedral; most Fig.14. The relationship between sediment calcioncentra-
of our ponds were basic (i.e. above 7). tions and water pH. Sediment calcium is determiaegkly by

the nature of the geological context.
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Fig.16..Calcium sediment compared to surroundingllase. There
was no indication that calcium was derived predanity from
liming on adjacent farmland.

also has more subtle effects, and we shall seetkaiepH was correlated with some aspects of ondp’
ecologies. We are already beginning to see hosvithportant to consider the pond in its broadetedn- a
pond’s bedding, formed by our complex geologicatdny, can affect its chemistry and hence its lggldhe
calcareous rocks that buffered our ponds are thiéidid remains of sea organisms from millions efigs agd.

Temperature and The Energy AmbienSanlight is the primary cause of water warming iostrof our ponds,
and our temperature readings hint at the factgbatl life tends to receive more solar energy thanin our
streams. For example, the water temperature o tHeavthorne Valley ponds measured in April was®3 °
whereas that of a stream on the same propertynbasured at an even later season (in May of thequ®
year) was about 50 °F. These results are hardprisurg, most of us know that a dip in a streamhidlier than
one in a pond, however, we may be less aware of suw warmth reflects and what the ramificatioresfar
pond life. Warmth comes from sunlight, and sunlighthe main source of energy for photosynthetgaaisms
(and indirectly for the rest of us). It is no cdofence that many ponds turn green with algae duhiegsgummer
while it is a rare (and usually slow) stream thagslso. Of course, following the algae come thaeagnters, so
the sunlit warmth of a pond means more life tha joore bathers.

Temperature itself affects not only the rate adroical reactions, but also the oxygen capacity atew
Cold water holds more dissolved oxygen then doegswa&hus, a warm, soupy pond can be low in oxygen n
just because more life is breathing oxygen at tefaate, but also because the water itself is/zagriess
oxygen. (Green also means more photosynthesisemzkimore oxygen production, so the pattern is ta)p
Streams tend to have more oxygen not only becéesé& ¢ colder but also because they have the buiapigs
that, just like an aquarium aerator, inject aioitite water. Other researchers have studied thefisttion of
temperature and oxygen in ponds during differeasgas; the consequences for pond life can be diar@air
own measurements were too patchy to provide muphogxnsight, however they serve to illustrate yhe
fish, insects, and amphibians of ponds are rahaysime species that one finds in the stream ne@rieydoes
not, for example, usually find Brook Trout in ponus Newts in creeks.

Total Dissolved Solids — the Thickness of the Sdugtal dissolved solids (TDS) measures the totalarmof
materials dissolved in the water; it is a conceittra The rigorous way of measuring this is to evape away a
known quantity of water and measure the amountaieral left behind. This is not convenient outsidi¢he
laboratory, and what we measured was actuallyreteszinductivity. Most dissolved materials carrgltearge
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and so influence the ability of water to conduetcélicity. Thus, a measure of a water’'s conductaarebe
used to approximate total dissolved solids. Faitlye water actually can barely conduct electriiggs than
1 S/cm compared to an average of nearly 28&m in our ponds). To update the wisdom most afragaught
early - it's not actually the water and electydibat is so dangerous, it's the electricity argbdlved salts.
Total dissolved solids cannot be immediately eggiatith good or bad effects — it depends upon vghat
in solution. Some ponds may have high TDS becatidssolved road salt; this can threaten pond Afieer
all, brine has long been used as a preservativaigedew things can live in it. On the other hard$S may
also be composed of nutrients. During our work en®zuela, we studied fish in clear waters draitiieg
ancient Guyanan Shield (conductivity aroundS8cm), and compared the fauna to that of muddyraate
draining the “recently” raised Andes (dissolvedd®imore like our ponds). A lot more fish (in terofaveight
but not, interestingly, in terms of diversity) wdoaind in the muddy, nutrient-rich watérs.

AN ASIDE OF SORTS ON MULTIPLE REGRESSION—PLEASE BEAR WITH Us

In order to understand a little more about thégpas of TDS in our observations, it's necessary to
introduce an analytical technique called multiphe&r regression. You may not be all that intedestavhat’s
associated with TDS, but we’ll use this technigereesal times during this report, so taking time riow
understand it, may help you later. Take a deepttorea

Correlations indicate how two or more variablelaéy in relation to one another. For example, & on
looked at the relationship of goldfish weight toamt of fish food fed per week, one might expedhbo
variables to be positively related, i.e., the mor fed, the heavier the fish. However, you migkpect a
negative relationship between fish weight and numobésh in the tank (because more fish meansfless per
fish). Multiple regression is a way of simultanelgusoking at the variation caused by several \zas, for
example, what happens if both amount of food andbar of fish vary? It is no secret diviner of redaships,
rather the process asks, mathematically, what aria most strongly related to the given respoosents that
in, and then asks which variable is most stronglsted with the resulting leftover variation.

There are a variety of caveats, perhaps the mmgmirtant is that, as we mentioned earlier, cornaat
does not equal cause and effect. For example, segpat we found a positive correlation betweentbight
of goldfish in an office tank and the number of gurters in the office. Clearly, we’d be loopy to pose that
somehow the computers are nourishing the fishedfity, more computers may mean more workers ang mo
workers might mean a greater chance that somebdldyemember to feed the fish. There are other irgd
assumptions, some of which our data may not meeteXample, you want each data point, or, in ogeca
each pond to be an independent observation. Youdwfmr example, get a more representative idezhibd
growth rates if you followed 50 children from 5@fdrent families, rather than 50 children from Jfietent
families; it is easy to suppose that children fribve same family will, because of genetic and upging
similarities, be more similar to each other tharelated children. Similarly, some of our ponds weated on
the same farm or property rather than being indegetty scattered across the landscape. There wacdqal
reasons for this, and ponds on the same property @ften quite dissimilar. We believe the multipdgression
approach is useful for understanding possible pette our data. But the results are only suggestad
patterns rather than conclusive proof.

Below is our first example of a multiple regressiesult, and we’ll walk through it in more detiian
later analyses. We asked, mathematically, how @@ relate to a variety of sediment chemicals?

The first step in asking this is to identify theefiendent variable”. This means the variable whose
behavior we are interested in understanding. Itldvbe goldfish weight in the previous example, &otdl
dissolved solids in our current analysis.

The computer then goes off and runs through thefsetriables we provided and comes back with a
list of the variables which were most closely ctated with the “dependent variable”. These areecaihe
“independent variables” because you are not intede@t least at this stage) in what they are dagenupon.
In our case, the computer came back to tell usstb@ditment calcium, magnesium and potassium weneepri
correlates of Total Dissolved Solids.

We had all these data from only 70 of our pond® Pk of Variation Explained” (called fn statistical
parlance) is an estimate of how much of the todailation in a sample is explained by the giveno$etariables.
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In our case, the estimate is about 53% of all Wianalf this value were 100% then one would beedbl
pinpoint TDS by knowing the values of just these#hwariables; such predictability is very rar@aature. We
usually start getting excited when % of Variatiotpkained reaches 15%, but we may just be easilifezkc

Dependent Variable: Total Dissolved Solids
% of Variation Explained by Model: 53%
Number of Ponds in Analysis: 70

Standardized| "Significance”
Significant Variable Coefficient of Effect
Sediment Calcium 0.650 <0.001
Sediment Magnesiunp  0.307 0.002
Sediment Potassiun -0.369 <0.001

Although you could read just the list of factorgldearn something, the analysis provides some
additional information. Ultimately, it provides tivalues needed for predicting the dependent varimbm the
independent ones. For example, it might tell yai,thi you take the number of 5 year-olds in a rcam
multiply that by 5 and then subtract 2 times thenbar of mothers you would get sound level in ddsibe
While such precision can be very useful, we've tleétt out of the results we’ll be presenting. lastenve’ve
only included the “Standardized Coefficient” ané tiSignificance of the Effect”; here’s what thegmify.

Suppose you are interested in knowing how manwaifegts tomato production, and you put varying
pounds of manure on your garden and count thetnegulumber of tomatoes. You might find out thatiygan
predict the number of tomatoes produced by a roterobtoes by multiplying the pounds of manure aupby
10. Tomatoes produced is your independent variaidgure is your
dependent variable, and “10” is your coefficidvibw realize that the
value of that coefficient depends on what unitsused to count tomatoes
and weigh manure. If, for example, manure were hadign ounces, then
the coefficient would be 16 times lower; likewisa)ying tomatoes by the
bushel rather than by the each would also lowect®éficient. To avoid
that problem, we present “standardized coefficigmisture these as unit-
free values that you can compare across variabsuaalyses. They tell
you the relative magnitude of each independentab&irather than the
exact value: great for comparison, no use for d¢afing exact predictions.

The ma_lgnitude of t_he standard coefficient_ gives youdea of how Fig. 17. Tomatoes. You may not need a
dramatic an effect is; the sign of the coefficitls you whether the picture of tomatoes, but this page did
relationship is direct (i.e., positive, e.g., méved means heavier fish) or need some color.

inverse (i.e., negative, e.g., more fish in tanlangelighter fish).

Finally, the “significance” value (also called thevalue”) is the estimated likelihood that theeaff is
due to chance alone. These are probabilities. Hawedue of 1 means there is a 100% chance thatoberved
result is due to chance; a value of .05, meangtisewnly a 5% or 5 in 100 chance that the relatigmis due to
chance. By convention, values of .05 or less aneigdly taken to indicate a variable whose relatfop to the
dependent variable is worth notinge. All the valeahin this analysis are highly statistically sfgrant meaning
that it's very unlikely we're just looking at a sidical fluke. A significance value of “<0.001” rals that the
chance of the apparent correlation being simpgnalom fluke is less than .001 or 1 in 1000. Taksehvalues
with a grain of salt and recall that they don’'t @egarily indicate cause and effect; use them idste&y to
gauge the relative importance of the given varsble

Whew! A long, drawn-out explanation about an obsaiatistical method for predicting a pond
characteristic that you didn’t even know you wereiested in. Please stick with it. By working tigb this
one example, you'll be much better able to makeafiske rest of this report. Here’s another saestilts to
practice on:
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Dependent Variable: Total Dissolved Solids
% of Variation Explained by Model: 24%
Number of Ponds in Analyses: 76

Standardized| "Significance"
Significant Variable Coefficient of Effect
Pond Age (Years) -0.165 0.119
% Developed within 400' 0.294 0.005
Soil Calcareous Class (on 1-3 scal¢) 0.348 0.001

But wait! Now, you're telling me that TDS is reldtéo three other variables. Well, it is. Both these
relationships can exist in exactly the same watweacould say the sweetness of your tea is dyrectirelated
with the concentration of sugar in your tea wabet, is also correlated with the number of spoonddilsugar
you place in it. In other words, yes, TDS may bergltally determined largely by those three elemests
found in the first analysis, however that doesglttyou anything about where those elements coora find so
is, in some ways, trivial. Most of the time, weily to skip over the “trivial” cases, but we wantedhink
about the different levels of possible cause afetef

So take a look at these new results. What do #leydu? This set of variables is only half as gabd
predicting TDS as the first set. However, it's netibly more interesting because it might give yotsHor
how to manage ponds so as to influence TDS. Thagahles are listed — pond age (it's a pretty weak
correlation, notice that the absolute value ofdtamdardized coefficient is the smallest we've saeed the
probability of insignificance is relatively high)y Developed Area, and Soil Calcareous Class (rahkK&drom
lesser to greater calcareousness). Both the lastdwelations seem fairly strong. Finally, notibe sign of the
variables. If anything, TDS declines with pond atat means older ponds tend to have lower TD$hét
same time, the coefficients of the last two vaealdre positive, that means TDS increases withlolese area
and soil calcareous class.

Given the above relations between sediment caledhTDS, and between sediment calcium and soil
type, you shouldn’t be surprised to find that TBSiiso related to soils. The relationship to dgwalent is
intriguing. Perhaps, it relates to increased erggerhaps to water softners, perhaps this isimirstatistical
fluke... without further study, we don’t know, buighrelation suggests that, were we particularlgnested in
TDS, we would want to explore its relationship gvdlopment in more detalil.

In Sum:From an ecological perspective, these resultsomily be as interesting as the consequences ohpH a
TDS for plant and animal life; we’ll explore thaittér on. In relation to our initial aims, we’veeddy shown
that aspects of our ponds’ environments may stieégiond their physical bounds in that they areteel#o the
broad geological sweep that produced our soilspendaps to the land use in the surroundings. ltbeil
interesting to see if we can tie any ecology ihis picture.

Our dissection of TDS above, while ushering inlaapant memories of high school chemistry, is Usefu
for our detective work. In the section that followe will explore some of the patterns in sedinar@mistry.
If we find relationships with land use variable®’Mbe able to follow the leads back through thewe
analyses to factors like pH and TDS. On to pondkhuc

In the waters of our ponds, we measured the pH, Total Dissolved Solids (TDS), and Temperature. While such
measurements are extremely basic, they began to illustrate relations to the landscape. Specifically, pH and
TDS were tied to the presence of calcareous rock, and TDS may also have been linked to the amount of de-
veloped land in the surroundings. We present a long, drawn-out description of the pseudo-multiple regression
analysis which we used to explore factors related to TDS. We will repeatedly return to this technique in the
upcoming pages.
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SEDIMENTS

Sediments are not charismatic, but they are iraporionetheless. Some are soupy, some are clayey,
some are black, some light grey. Some are fulleaiviy metals, others relatively clean; some areofull
nutrients like phosphorus, others are relativelydra In a very real way, sediments are the groumkiwf a
pond’s ecology. Minerals (and other compoundsweatidn’t analyze for such as pesticides and corple
pollutants) accumulate in a pond’s sediments auwez.tThey are brought back into the water by tlganisms
that mine the muck and by disturbances that cauynsents back into the water. Sediments are ressrand
historians. They are a great place to continueagiy the bounds, in time and space, of our ponds.

We looked at pond sediments in several differeangsvtheir relative depth, their color, and their
chemical composition.

Sediment Depth — A Measure of Time and ErosRinture a pond over time. Leaves from the surraumdi
forest fall in; insects arrive, grow and die; atngopoint, perhaps fish arrive and live out theied; algae may
turn the water column green before dieing back;raaglbe there’s a flood and mud-laden waters froraaby
creek wash in. All these materials will, when tinaes tranquil, sink to the bottom of the pond accuaulate.
This scenario hints at four of the factors thatyaitly help determine sediment depth — pond age piality,
the importation of debris from elsewhere, and tim@ant of water in the pond (to understand this fiastor,
picture how much sweet glop you'd expect in thedrtof a small tea/coffee/hot chocolate cup vergd
one). Can we read any of this story in the sedirdepth of our ponds?

First a caution — our measure of sediment depthweay rough. We took sediment samples using the
same principle we all learn as children: when yiitksa straw into your drink and plug the open &ntth your
finger, you can pull out quite a nice sample ofrypada. Our “straw” was a metal tube, and, whae'finger
end” was not above the water, it had a handy Malee that closed off that end once we had emlzttuetip
in the mire. We only got as much sediment as ¢ile levice captured when it buried itself in tleglisnents
after falling through the water (needless to sag had it on a string). Because we did not attempush our
device to the bottom of the sediments and becadients sometimes leaked out as we pulled oucedewi
the surface (remember dribbling milkshake down yshirt when the straw didn’t quite make it to yooouth
on time?), our measure of sediment depth is omtyrémum. For the sediment analyses we report |ater,
only used the top 2.5 inches of sediment, bottvéadaconfusion that might come from including sednts of
different depths and because the surface laybeipartion most likely to be relevant to a pondtstd.

The depth of our ponds’ sediments was indeedegliat pond age (Fig. 18). So think of the yearsrgou
plumbing next time you stick your foot deep intogmoze.
The leveling off of apparent sediment depth mayeteted to
the technical issue mentioned above — there wiasiadn
how deep our device buried itself and on how mwethrsent
we could pull to the surface.

What about the other three factors that we sugdest
might influence sediment depth, i.e., pond depgldjment
inflow, and pond life? It's time for another mulp
regression. Luckily, we had a direct measure ofdpaepth,
however for sediment inflow and pond life, we hadise
some possibly suspect substitutes. The closesame to
directly measuring sediment inflow was TDS — a#tiéthat is
an estimate of total solids in solution which mayé some
vague relationship with sediment inflow. For angraf in-
water life, | used our measure of total algal alehppigments | | | | | |
in solution. Not surprisingly, given that it is fably a very 0 20 40 60 80 100 120
inadequate measure of sediment in-flow, our single Pond Age (Years)
measurement of TDS was not statistically relatesetiment
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Fig. 18. The depth of pond sediment in relatiopdad
age; older ponds tended to have deeper sediments.
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depth. However, water depth and algal pigmentsigalaith pond age were all relevant (don’t worrytthand
age entered twice, you know the pattern from trevalgraphic; these permutations are, again, negefssa
statistical purposes). All’s well, right? Wrong. dlomore carefully at the model details below, wiegult does
not agree with our evidently simplistic attempetglain pond sediment dynamics?

Dependent Variable: Sediment Deptl
% of Variation Explained by Model: 26%
Number of Ponds in Analyses: 70

Standardized| "Significance”
Significant Variable Coefficient of Effect
Pond Age -0.287 0.155
Pond Age (Square Root) 0.431 0.035
Water Depth -0.346 0.003
Total Dissolved Pigments 0.222 0.044
Perhaps Fig. 19 will help.
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Fig. 19. The relation between pond depth and seatimiepth—deeper
ponds had shallower sediments!

Fig.20.Water depth versus pond age. Ponds tenl o &s
the age and older ponds may not have been dugegsate
modern ponds.

Look again at the sign of the coefficient assocdiate&h Water Depth; it's negative. As that sign dhd above
graph suggest, sediment dedétreaseas water deptincreasesThat’s not the relationship we’d predict if
sediment depth were being determined in part ben@tgrowing in and then filtering down out of thater
column above. Figure 20 might help explain thisagax.

In words, older ponds tend to be shallower thamger ponds. There may be several reasons for this,
including distinct, historical differences in thetivations of pond digging (e.g., currently dugpiaxt as deep
swimming ponds, previously intended in part aslshatattle watering holes). Another contributingtta may
be the apparent life cycle of ponds — almost atigsogradually fill up with sediments over time. #dtugh pond
age was already in our model, apparently watertrdagtied some additional detail to our predictidns o
sediment depth, perhaps because we had not fudbuated for aspects of pond aging.
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If you carry something away from this short foraip pond sediment dynamics, it should be the
mutability of ponds over time. The relationshipttive have already documented between pond age and
sediment depth, if extended over centuries, hatotlieal conclusion of a shallow, sediment-filleonal that
eventually even reverts to dry land. Some have eveposed that the valley bottoms where much of our
agriculture occurs are the ancient remnants ofdrgaonds. While that might be an exaggeration gtieno
doubt that ponds have a life in time. Not only Heit lives reach beyond their shores they reachvbaicls and
forwards to changes over time.

Sediment Color — A Slow, Wet Fir@k, so how many of you, having stepped into thaidpaoze, quickly
retreat to shore to examine the color of the fevbglstill stuck between your toes? Studying sediroelor
sounds esoteric, but it can actually help us leaone about our ponds. The main reason that ivisaleng is
that one can make useful generalizations from paohat. All else being equal, pond bottoms arounik fedten
start out the grayish color of clay. Over time, naundl organic material accumulates and darkensettiengnts.
Very black sediment indicates the presence of ‘fnigmatter”’ (a scientists way of saying dead thjngs
basically, the blackness is charcoal, albeit trerabal produced by the slow flame of biological@eposition.
Given this interpretation of sediment coloratiorg, may be able to learn something about the lifeuofponds.

We measured color categorically as light, mediang dark (Fig. 21). No doubt there are gradients bu
the end points (grey and black) were clear enoagt,anything that didn’t qualify for those categsrwas
called “medium”. We’ll explore two ramifications olur above proposal — young ponds should haveslight
sediments, and ponds in landscapes producingfl@iganic matter run off should have the blackeslirments.
Figures 22 and 23 appear to support both of thesgectures.

Fig. 21. Sediment color from our ponds. The blaokaks at left are traces of organic matter thavbaccumulated in the upper
portion of the sediment. The middle picture showsoae common sediment color—traces of organic metekening mixed with a
more mineral grey (as is also apparent in the lopertion of the sediment at left). On the righg tip of a core into a largely min-
eral sediment with patches of clay-like grey. Treestiments would have been ranked as dark, medidnight respectively.

That the mineral sediments of new ponds mightrbgeg (the pattern is not quite statistically
significant) should not come as a surprise. Thansti(and statistically significant) relationshipthvplowed
land might be more surprising. These data mighgessigthat plowing land increases the loss of igsoic
matter. This would assume that most of the orgar@tter comes in as erosion, rather than through the
accumulation of in-pond biological production. acf, the loss of organic matter from plowed fiakla well-
recognized issue in agricultural sciences. Doesitlureased organic matter affect the organisntditieain our
pond? Are we beginning to forge more links betweend and surroundings? We shall see.

This is a good spot for another caveat. The stisvhich we present are selective. | did not slyow,
for example, the rather dull plots of soil color iznd in lawn or development or pasture. Indeesl|ooked at
these to make sure that the pattern with plowed Vaa&s, in fact, something distinct. Likewise, irr earlier
multiple regressions, we did not tell you whichtéas entered into our tests, but did not turn ouie
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Fig. 22. Sediment color in comparison with pond.a@kler ponds Fig. 23. Sediment color in relation to amount lofyed land
had darker sediments, probably because of the aglation of in a pond’s surroundings. Plowing in adjacent laray in-
organic matter (i.e., dead stuff). crease organic matter run-off into ponds.

significant. We'll plead conciseness —this text Wddoecome even duller and denser were it to inclutigting
of all dead ends. However, you could also accus# atacking the deck, only presenting those reghkt fit
our case. The appendix contains the full statistietails of the different analyses that are sunmedrin the
text. Please do look at it if you want to gettérester idea of how this paper was constructed. i@tise, we
will only say that yes, we did do a fair bit offiag for patterns, but we have tried to be honedtiaclude all
those relationships which appeared strong, whetheot we could explain them.

Sediment Content — Distilling our Wastéstagine that you want to understand something atheulives of
people that live in a single faraway city by folliony their diets. You interview many people and géing list
of all the foods eaten. You describe each perseadapon the foods they eat, how many pounds ofasan
marshmallows and what have you. You end up witbhgeldata set and then what? One approach is to try
categorize the data based upon diets, i.e., upmtect of foods that tend to appear together. ¥@amele, one
might find that there is a group of people who temdonsume both rice and beans. Proceeding iméys you
might come up with distinct food clusters that viaélp you identify patterns that subsequent amaiysiluding,
for example, ethnicity, might elucidate. This saamdlustrates the motivation for a technique ledlprincipal
component analyses, that we will shortly applyuo gediment data, but first, to quote Kai Ryssd#dts do
the numbers”. They are not terribly happy ones.

As settling ponds for what rains down upon them mms off of the surrounding lands into them, pond
accumulate the dirt that falls from the sky or wessfrom our activities. Much of this dirt ends apaipond’s
sediments. A certain amount of such accumulatiorataral and so, as we look at the concentratibrarmus
heavy metals and other elements in pond sedimeataged a reference point. What concentrationaattgal,
which unnatural, which might cause biological peybt?

Little work has been done on ponds, so we muatttutake sediments. Table 1 is a summary assembled
by the state of Wisconsin using information fromaaiety of sources. It shows the biologically-relav
concentrations for a limited set of elements. Wedubiese data to evaluate the potential ecologigabrtance
of the concentrations we observed in our pond sewlisd

Table 1 can be used to classify the concentratbasy of the listed elements into four classedu&s
unlikely to cause environmental effects, valuesalan effect might first occur, values where sutlefiect
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has medium likelihood, and values
where an effect is probable. Figure
24 indicates that for some of the
elements, (e.qg., iron, lead and
manganese) concentrations in many
ponds may have been high enough to
have environmental effects, while
other elements rarely showed high
concentrations. With antimony, for
example, all 86 ponds showed
minimal signs of contamination,
while, for lead, 71 ponds showed
medium or high levels of
contamination. Although not shown
in Table 1 or Figure 24, sediment
phosphorus exceeded presumed  1apje 1. A table showing the concentrations irelaidiments at which various ele-
background levels in 95% of the pondsents become of environmental concern. TEC = ThidgEffect Concentration;
If green indicates MEC = Midpoint Effect Concentration; PEC = Probaligfect Concentration. Taken
“comfortable” background levels, thenlirectly from a Wisconsin DNR 2003 publicatidn.
multi-colored Figure 24 is cause for
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70 70 70 70
60 60 - 60 60
50 50 50 50
40 40 40 40
30 30 30 30
20 20 20 20
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1 2 1 2 3 4 1 2 3 4 1 2 3 4
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Fig. 24. A set of histograms indicating the numdsigponds (86 total) in each Sediment Contaminatitass for several elements of
environmental relevance. Most classifications assdul upon the data in table 2; additional publisirfdrmation estimating back-
ground levels was used to calculate a below/abavegorization level for several additional elemeftt®se with only two catego-
ries in their histograms). Contamination level iaases from 1-4 (green —red); class 1 (green) isicamed non-contaminated.



concern. Most of the elements listed showed evidehannatural enrichment. In some cases, thatkement
reached levels believed likely to threaten biolagleealth. Later we’ll see if there actually is awdence in
our data for such effects. However, before doirag kbts apply our principal component analysis&se data
in an effort to look for patterns in the numbefsak we have suggested, the chemistry of ponarseds
reflects input from outside, then there should drae evidence of such patterns in our data.

A principal component is, essentially, a set afalales that co-vary. Each component is thought to
identify one pattern of covariation in the data.(ione diet, to continue our gastronomic examplgyrincipal
component is expressed as a series of coeffidieditsating the contribution of each individual facto the
given component (or each food to the diet). As stluh general “nature” of each component can ugball
identified by looking at the factors most heavitfluencing it. While the mathematics is somewhahptex,
inspecting Table 2 may give you a ‘feel’ for whatk components represent. We will use these conmp®ine
some of our subsequent analyses exploring theae$adf biological variables to landscape and sedis
Therefore understanding what they represent wifl feu understand some of what comes later.

Our principal component analysis identified 7 tdus of like-behaving “components”. To return ta ou
initial dietary example, the elements would be espnted by the different foods, while the companearuld

Sediment Components
1 2 3 4 5 6 7
Aluminium 0.925 0.104 0.094 -0.066 -0.261 -0.020 -0.001
Antimony 0.882 -0.318 -0.110 0.082 0.206 -0.093 -0.032
Arsenic 0.087 0.318 0.296 0115 0.646 -0.099 0.142
Barium 0.442 0.509 0.377 0.214 0.042 0228 0.312
Benyllium 0.800 0.154 0.293 0.019 -0.200 0.234 0.087
Boron 0.746 0.025 0.172 0.118 0.121 0.367 -0.163
Cadmium 0.071 0026 0342 0.323 0.027 0.259 0.297
Calcium 0.162 0571 _ 0.261 0.181 0.058 0.185
Chromium 0.933 0.111 0.049 -0.130 -0.195 0.005 0.031
Cobalt 0.797 -0.393 -0.097 0078 0.254 0.023 0.048
Copper 0.247 0.383 0.077 0322 0.279 0.292 0.260
Iron 0.855 -0.349 0119 0.095 0.234 -0.102 -0.028
Lead 0.956 -0.002 0.054 0019 -0.062 0.037 0.118
Lithium 0.870 0025 0.151 0.086 -0.137 0.179 0.005
Magnesium 0.562 0179 [JSS0SN 0153 0.141 0.081 0.158
Manganese 0.394 -0.268 0.268 0.523 0.334 0.053 0.147
Molybdenum | -0.126 0.338 0.156 -0.374 0.459 0.141 0.431
Nickel 0.763 0274 -0.188 0313 0.115 0.033 0.096
Phosphorus 0.804 -0.285 0170 0.125 0.238 -0.191 -0.018
Potassium 0.730 0.517 0.139 0.071 -0.204 -0.013 0.034
Selenium -0.190 -0.164 0.540 0.461 0.092 0.446 0.143
Sodium 0.610 0.223 -0.161 0.266 -0.255 0.084 -0.205
Strontium 0.066 0.619 _ 0.348 0.081 -0.049 0.147
Sulfur -0.024 0.610 0.009 0.155 0.242 0.113 -0.467
Titanium 0.297 0.329 -0.159 -0.382 -0.039 0.521 0.179
Vanadium 0.763 0.415 0.212 -0.141 -0.155 -0.034 0.012
Zinc 0.603 0.038 0.121 0013 -0.015 0.309 -0.386

1 = Broad enrichment

2 = Ample Barium, Strontium, Calcium, Potassium & Sulfur
3 = Lack of Calcium, Magnesium & Strontium

4 = Elevated Manganese?

5 = Elevated Arsenic

6 = Elevated Selenium, Titanium

7 = Lack of Sulfur, Molybdenum, Cadmium, and Zinc

Y%variability
accounted for 39.7 11.2 75 5.7 55 4.1 4.0

Table 2. A summary of the principal componentstifled in our sediment elemental data. Seven compisnwvere identified. The
green tints indicate medium (light green) and strédark green) positive contributions to each comgot; reddish tints indicate

medium (pink) and strong (dark red) negative cdnttions. Below the list of elements, is our sumnoéthe components. Along

with the amount of total variability accounted foy each component.
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represent the seven different diets that we mightiotassociate with ethnicity. The values belowtea
component and across from each element (for exarti@e925 that is to the right of aluminium andblbe
component number 1) are the component loadings.cédatthink of these as the weights of foods thattweo
each diet. These values vary from —1 to +1 withatigg numbers denoting a relative absence of angive
component (e.g., pork’s absence from the Koshdy.die

In Table 2, we have tried to summarize some ok#yecharacteristics of each component. “%
variability accounted for” shows how much of totafiation was accounted for by the given component.
Imagine, for example, the power that identifyingetarians vs. non-vegetarians would have in exiplgiaur
regional diets; in contrast, realizing that somepbe have vinegar on their spinach would be sulisiinless
powerful and would account for less of the totaiatzon.

In the same way that we explored the correlatéls Wotal Dissolved Solids, we explored the relatidén
each sediment component to various habitat and ploaihcteristics, and we summarize those resulsvbe

Sediment Component 1—- By Land & AifPhe first component was powerful — it was assodiatgh elevated
levels of a broad range of elements, including rhestvy metals. Yet, our correlates while statifliica
significant, explained less that a quarter of thgation. Here’s the multiple regression report:

Dependent Variable: First Sediment Compone!
% of Variation Explained by Model: 21%
Number of Ponds in Analyses: 66

Standardized| "Significance"
Significant Variable Coefficient of Effect
No. of Nearby Houses 0.260 0.027
pH -0.294 0.012
Sediment Depth -0.341 0.004

Not surprisingly, perhaps, the number of buildifigsuses, barns, workshops, offices, etc.) withid' 49 the
ponds was positively correlated with this compor(émd. 25). If this component does represent theegs
effluent of society and if the number of buildingdexes the intensity of human use, then the catiogl seems
reasonable. While the relationship between thignseak component and buildings seems apparent igréqeh
and seems interpretable, we should caution thdedsom the previously-mentioned lack of indepercaein
our data, relationships in which the values okast one variable are clustered to one sidethe.,
predominance of ponds without surrounding strustumeFig. 25) run the risk of being misinterpretBidtice
how much power the relatively few ponds surrounioedour or more houses have in leading the eye {laed
statistics) to assume a certain relationship. Soctelations are thought provoking and worth menitig, they
are not however conclusive.

The negative relationship with pH (fig. 26) maiate to the tendency, mentioned earlier in relatmn
plant nutrients, for elements to be more closelyriabto the sediments at acidic pH’s. This couldiltaa lower
leaching or dissolution of sediment elements amt@digher sediment elemental values at lower pAs.
can't immediately explain the relationship to seeithdepth (Fig. 27). As we mentioned earlier, sedintdepth
was linked to a variety of other factors includpond age and water depth.

Part of the unexplained variation in this compdneray relate to the fact that not all (or everrhpes,
most) of these elements originate from neighbograynd sources. The elements that contribute diydag
this component are at least partially suppliedubloair-borne particles. To a large degree, theyrapurities
present in fossil fuels. They are liberated upoming and spread through the air in smoke. We avenavind
from much of the country’s industrial productiomdat shouldn’t be surprising that this is evidetheg the
bottoms of our “collecting basins”. What determities collecting propensity of a pond probably fadd with
location relative to weather systems and natuesaoh pond’s watershed, factors beyond our'Ren.

Sediment Component 2— The basiEis component seemed to follow pond alkalinityw#ts highest in
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Fig. 25. The relationship between the number dfimgs within 400" Fig. 26. The relation between water pH and orstfsedi-
of a given pond and that pond’s value on the iestiment component. ment component. This component tended to decratise w
This components tends to increase with increasimgbrer of nearby  increasing pH.

buildings, however notice how many samples ardeiled along the

left of the graph, allowing relatively few pondsdetermine the appar-

ent pattern. We have left the linear fit out oktHiagram, so that you

can better appreciate the effect of the extrematpoi

sediments with relatively high calcium and magnesiand its value rose with pH.

Multiple regression indicated that as pH increadetame less acidic), the second sediment componen
increased (Fig. 28); it also increased as disttmoearest forest decreased. The first observaioat difficult
to understand — this second component represemis sbthe elements typical of sediments (and stiks) are
non-acidic; the relationship to forests may havddavith the elements introduced by leaf fall (2§) . The
leaves of some trees, such as basswood, are raalidinm and potassium, and so nearby forests rhigjpt
boost the concentrations of these elements in d.pgéowever, we would need to look at leaf fall deaf
chemistry, if we wanted to explore that relatiopshirther.

Sediment Components 3 through 7—The Fringe ElenTdr@gemaining sediment components have less
predictive value and, aside from component 5 whigheared to be associated with elevated arsenichema
more difficult to summarize. Components 5 and hhotreased as house proximity increased, and coemo
6 increases with amount of developed area nearlould be interesting to compare arsenic levets wi
proximity to former orchards given the historicakwf arsenic as an apple fungicide, but we hawyen’t
collected those data. All seven sediment comporstrds/ed higher levels in residential than agrigaltponds,
but the pattern had only marginal statistical digance.

Phosphorus—How Green is my PoBeéfore finishing our consideration of pond seditsethere is one element
that we wish to consider individually because sfabtential ecological importance — phosphorussphorus,
at least at the levels that we encountered, igmitect toxin. Rather, it is a fertilizer. We gagt a “direct
toxin” because, while it may not poison organisnmeally, some organisms are adapted to living w lo
nutrient conditions, and soon disappear when ise@autrients boost their competition.

Baron Justus von Liebig is a worthwhile charattantroduce into our narrative at this point. Ar@an
paint-mixer’s son born in1803, his career typiegence’s mixed blessings. Liebig’s Law, like ddws” in
ecology, is a useful generalization rather thaama It stated that the growth of plants was limibgcthe
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Fig. 27. The first sediment component comparel sétiment Fig. 28. The second sediment component increased i
depth. Deeper sediments were associated with lavets of value with increasing pH. It seemed to largelyeefithe
this component pH gradient of our ponds.

nutrient that was in shortest supply. Although sietement is somewhat circular (because “shostexily”
must be calculated in a way relevant to the pléung,law almost translates into “plant growth raiied by that
nutrient which limits the growth of plants”), it asuseful thinking aid. It focuses attention onittea that a
particular nutrient might limit growth, and thatyae that nutrient is satisfied, another might beedne
limiting factor. Liebig was one of biochemistry'sunders, and he applied much of what he learned to
agriculture. He pioneered the idea that nitrogetiliteer could boost plant growth and promulgatked toncept
that synthetic fertilizers might work just as wa4
natural ones.

Liebig deserves a cameo because his “law” and
the industrialization of fertilizer both play a par
understanding pond ecology. Observers studying the
nutrition of pond plants have found that phosphasus
often a limiting nutrient in the sense of Liebigraw.
The addition of phosphorus to a pond often resnlts
bloom of growth. That addition can come through
Liebig’s legacy, i.e., synthetic fertilizer appliéal
neighboring land (the “P” of NPK fertilizer is
phosphorus); but it frequently comes from less
conscious additions such as contamination by sewage
phosphorus-containing soaps. In any case, phosphoru
addition to waterways is now recognized as onéef t
main causes agutrophication

Eutrophicationrefers to the process where by a
pond becomes increasingly enriched in nutrients asd
a result, the community structure of pond lifelter@d. A pond clogged with green algae due to phorus run
-off is one example. Eutrophication may happen wbowly due to natural processes associated witial po
aging, but the rapid eutrophication of ponds arotvaterbodies due to human activity is thougltadmne of
our major impacts on aquatic ecosystéms.

There are various ways of measuring degree obphitcation. Some are based on trying to index the
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Fig. 29. A Columbia County woodland pool (not omatded
in this study) collects autumn leaf fall from thearby forest.



flush of life that is caused by enhanced fertii@at others try to measure the chemistry of ferilion directly.
At this point in our story, we will look at sedintgshosphorus. Although the phosphonushe watemrmay have
a more direct impact on pond life, phosphdruthe sedimenmay be the sleeping giant — the phosphorus
present in the top layers of sediment is usuallgmhigher than what is in the water and it candberned to
the water by diffusion, nutrient mining by organsrand sediment disturbance. Phosphorus in-flodddoe
removed from a pond, and eutrophication might ca#ito occur because of the buried phosphorussstohe
phosphorus in more than 95% of our ponds appearbd aibove background levels and so might be cgqusin
some ecological effects. Is there any evidencéisfdcenario in our data? Here’s another regressiatysis:

Dependent Variable: Sediment Phosphorus
% of Variation Explained by Model: 18%
Number of Ponds in Analyses: 66

Standardized| "Significance"
Significant Variable Coefficient of Effect
pH -0.274 0.020
% Developed within 100' 0.233 0.047
Sediment Depth -0.270 0.023

We've included pH and sediment depth in the

analysis not because we understand why these
patterns occur or particularly want to discuss them o
Rather, before we look for a relationship with land’g’
use, it's useful to get rid of as much “extraneous %
noise” as possible, although there’s always the ris~" ©
of throwing the baby out with the bath water (e.g., 3 100001
what if some byproduct of development affected ©
pond phosphorus by altering pond pH?). Inspect o
the results above — the only land use variable thato
significantly predicted pond sediment phosphorusﬁ

15000 —

(@]

sph

was % developed area within 100’ of the pond =
edge (fig. 30). This fits with the patterns of )
contamination recognized by others. Interestingly,g
adjacent agricultural habitats appeared to have n08
such effect. n
The correlation with development was not
particularly strong. For example, there were many 0 & | | | |
ponds that had no development within 100’ but 0 10 20 30 40 S0
which nonetheless showed relatively high levels of % Developed within 100'

phosphorus. However, high development was , _
Fig. 30. Amount of sediment phosphorus and % wéldeed land

associated with hlgher_ than average phOSphqrus within 100’ of a given pond. There was a tendewncyhosphorus
levels. The same caution that we mentioned in ¢oncentration to increase with developed land alffonote the

relation to house number and our first sediment wide range of phosphorus values associated witidé¥eloped.
component again applies here because relatively
few ponds were surrounded by 20% or more develtpet]

In sum, we have looked at the physical and chdragects of our ponds, and highlighted some
apparent connections to the surrounding landséamads are not indoor swimming pools isolated frbeirt
surroundings, but rather aquatic patches of larmisttzat extend out in many directions. In the sestithat
follow, we finally move on to pond life — how doetlplants and beasts we find in our ponds reflastlitikage
to the greater environment? Are they too strings tonnect sky and earth, water and dry land?
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Pond sediments accumulate the various materials that enter them as direct deposition in rain or dust, and as

run-off from the surrounding land. Sediment depth reflects pond age, while sediment color appears related to

the surrounding land use. The sediments of our ponds were high in some heavy metals. This contamination
was partially correlated with surrounding land use and may also have derived from aerial deposition.

Part Il: Pond Life

Pond life illustrates a pond’s connection to itesundings in two ways: first, as we have mentiqritause
what happens around a pond can trickle into a pondaffect the organisms living in it; and, secdretause
during different stages of their lives, some porghaisms move to and from ponds, and so their galrvi
requires good upland, as well as lowland, habitsdsexamples of the latter, some frogs and salaerarwhly
come to ponds for one brief, seasonal orgy, befetrening to surrounding land; dragonflies stalksopaitos
and blackflies far and wide before returning tartihepond nurseries; and the caterpillars of savedand
butterflies may require sedges, but the adultsbeaefit from the nectar of upland flowers. Becaofséhese
forays, what's happening on the surrounding landdieectly determine the health of these organi¥ms.

Our section on pond life will introduce you to sewf the creatures that live in our ponds. Ponds ar
fascinating zoological and botanical ‘gardens’. Wik touch upon some of the concepts that we hdneady
introduced. We’ll meet eutrophication again. Tlmsd, instead of looking for possible contributiragtors to
pond greening, we’ll try to index the greeninglitsk considering the abundance and diversitylahts, we'll
visit Baron von Liebig again and ask what nutriantght be affecting their communities. And, in cioiesing
the role of landscape in determining the abundanhd&ferent animals, you'll get a chance to seeremore of
those little mathematical equations that are noemc*
than very rough sketches of the patterns that may Land Use Descriptors Derived from Aerial Photograph

S
exist in the underlying tapestry of nature.

Number of Buildings within 400
A METHODOLOGICAL ASIDE

Conventional scientific papers put all of the Distance to Nearest Building
methods at the beginning. That makes it easy & r
to them when necessary and easy to skip when n Distance to Nearest Forest
We've put our methodological details in the
appendix, but there are certain methods that wiyr: Distance to Nearest Road

think you should know about because they are de

to much of the work presented here and because Total Length of Roadway within 400

help you begin to see the ponds in the same way Coverage Estimates (Measured Twice -
do. One of those methods is habitat analysis usini within 100" and within 400’ of the pond):
“remote sensing”. “Remote sensing” does not mei Percent Wooded
E.S.P., instead it refers to the use of sateltt a Percent Lawn
aerial photographs to describe characteristichkef t Percent Plowed

landscape. As anybody who has flown knows, set
the land from above brings whole new insights int
what’s happening on the ground. As anybody that
flown also knows, there often comes a point at Wk

a visit back to ground level is key to understagdin
mysterious patterns. Good remote sensing work uses
both the remote image and what is called “ground-Table 3. A list of the landscape characteristicat tive measured
truthing’, i.e., visits to those places that you've T8 B2 2 BC o oned data oakinge nter
described from the photographs in order to insure acfi]on of amphibians and Ia%d upse; the 100’ rindigates immedi-
that, for example, the dark swaths that one has bege surrounding conditions, while the 400’ ring egiva broader

calling evergreen forest from the air are not geall view of general context. These two measurementsfte closely
broccoli patches. In order to better understand  correlated for a given characteristic.
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what was happening in our ponds, we did the saimg:ttve combined inspection of aerial photograpith wn
-the-ground visits to insure we were interpretiniggs correctly.

Table 3 shows the landscape variables we calcuéatd the figures that follow show a couple of
examples so that you can get a feel for what tli@sables really meant. Don’t get hooked, thereimsthing
powerfully omniscient about these aerial views!

Fig. 31. An illustration of the land use quarug#tion done Fig. 32. An illustration of some of the landscapeasure-
around each pond at a distance of 100" and 400& Tatego-  ments we took using aerial photographs. Buffersiage at
ries used were lawn, developed, woods, pasturdietdy 100’ and 400’ from the pond. Green arrows indickeyer
plowed cropland, and water. Percentages occupieemh buildings falling within 400’ of the pond = distance to near-
land use were estimated in donuts extending 100400’ est houseB = distance to nearest forest, afi= distance to
from the pond. nearest road.

Basically, for each cover type, we calculatedebg, the proportion of a 100’ and 400’ fringe ardu
each pond that was occupied by the given coverekample, in Fig. 31, we would have said that withd0’
there was about 30% Woods, 35% Hayfield, 20% Deexlaand 15% Lawn, while within 400’ there was
something like 50% Woods, 10% Pasture, 10% Wodsl lawn and 15% Developed. We did several line
measurements on the aerial photos — distance testeaad, forest and house, plus total lengtloadflway
within 400’ (Fig. 32). Bank characteristics and apg@mate amount of wetland in the surroundingsaufte
pond were done based on experience during oustsitach pond. These are all rough measurespheat d
across 90 ponds and with an individual knowledgeawh pond, we think they provide a useful summoéry
general pond context—.

ALGAE

Chlorophyll—The Very Nature of GreeReople don't like green ponds. We are accustomeéedttang in clear
water, not pea soup. Much of this is aesthetibpalgh a few types of algal blooms can be toxic.tBaal,
some greening is probably as natural as growing@ila life-spans are very short relative to thenigof some
ecological processes. One of these processeslifetioé a pond. Ponds are rarely stable in timeeyrare
“born”, grow old, and “die”. “Birth” may occur fonatural reasons (e.g., puddling in rocky basins,
empoundment by beaver or other natural happenorgspcause humans build them. In either case,gtay
old. The aging of a pond involves its being inefilland fertilized by the accumulation of debris anttients.
Again, this may be a natural process during whatioas such as leaf-fall, aquatic plant growth, grelarrival
of natural creek-born sediments slowly fill the dan, or it may be the relatively rapid result ainhan action
which accelerates sedimentation and fertilizatloer¢ and below, “fertilization” refers to increagiavailable
nutrients; it may or may not be associated witentibnal fertilization of lawns, crops, or pondEhe arrival of
nutrients from outside of a pond will affect plamowth within the pond, and the more plant growithim the
pond, the more nutrients are captured and depdsyt@tant life, further speeding up the aging psscd-igs. 33
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-41 show ponds of varying shades of green becdutifferent types of algal and plant growth.

The aging process can be dramatically acceletatdaiman action. For those who might say, ‘ah, but
you just said it's a natural process, so what'sftiss?’, picture what would happen if some newlgased
chemical suddenly caused humans to age 100 tiretss than normal — we would soon have a very décrep
and non-functional adult population in many plad¥ile ponds obviously don’t breed and so we cpogh
this analogy too far, they do harbour differerg ibrms during different stages of their exister@eme
organisms do just fine in eutrophied ponds, butyreae adapted to the earlier stages of a pond&ende. Rid
the landscape of a proportion of relatively clearddle-aged ponds, bordered by a wide strip of weadow,
and you rid the landscape of all the organisms bgwame adapted to live in such areas. For examfitde
noticed consequence of our re-formation of pondshieen the decline of the muskrat. Just its narpéamit’s
as common as the fleas on a dog’s back. Howeusrradent, somewhat smaller than a groundhog and,
taxonomically speaking, a giant vole, has beerdgdiedisappearing from our countryside. One possdause
for the decline is that the marshes it favors atefawored by humans who prefer dryland or distpands.

If we go grey with age, ponds go green (at leashany places and within limits; natural aging will
rarely lead to the dramatic overfertilization tygliof some human effects). Why green? What turns gond
green is often algae. “Algae” is a grab-bag termafo array of plant-like organisms that do not gjliéve the
structural complexity of true plants, even thougms, such as the ocean kelps, bear a strong remarebl
Some of what we call algae are actually bacterialemthers live inside of microscopic animals,erthin
lichen, and still others branch out on their owor &ur purposes, we’ll treat them as a group, gaytheir
abundance by green-ness but not looking at anyntare diversity. What makes algae, and most plamneen
is chlorophyll (it is also what allows them to trsgnlight and use it to create sugars). We toolemsamples
from our pond and analyzed them for the contermhtdfrophyll and phaeopigments (Fig. 42). Phaeopigme
are mostly rotten chlorophyll. While the presentetdorophyll itself in a sample indicates the ocence of
living, chlorophyll-bearing organisms such as aJgaeeopigments indicate the past presence of such
organisms. A pond which experienced an algal blaochbust some time previous to sampling might have
relatively little chlorophyll in its waters but deia bit of phaeopigment.

Because algal abundance is thought to be a priankemof eutrophication, a biologist named Carlson
came up with a special number called “The TrophateSindex” (abbreviated TSI) which serves to gieads
a grade in terms of their relative state of eutrogiion. TSI is calculated based on chlorophyll@amntration
and, since so many other researchers have usegivies us a handy number for comparing our figdito
those of other biologists.

First, let’s just ask how our ponds stacked upamparison to this generalized scale (Table 4). The
value of the Trophic State Index increases witlhaasing
nutrient enrichment. Other researchers, looking at
variety of characteristics, have come up with saver
classes of eutrophication. We've used six clagdesds in
the first class are often termed “Oligotrophic” aare
clear and nutrient poor; ponds in class 7 are
“Hypereutrophic”, excessively rich in nutrients aledd to
be rich in algae and/or plants. Beginning aroumedfourth
TSI class, ponds are reported to show definitessain
eutrophication (e.g., smells, algal blooms, redusd
diversity). AlImost 50% of the ponds we studied reohlas
eutrophied (Table 4). In other words, nearly hadfev
likely showing profound ecological effects due to
excessive nutrient in-flow. Given that the vast onidy of

our pong:ls are relatively young, this degree of Fig. 33. Crystal-clear waters are often our ideldbwever,
eutrophication cannot be attributed to natural esses. they are rarely natural in our setting. They aresatly only
To put this in context, the degree of eutrophigatio found in recently-dug ponds such as this one qoinds

ttreated with algaecides. While herbivorous fish cantrol
greening, they usually are evidenced by stirredvagers
with a high sediment load.

Columbia County ponds appeared to fall between tha
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Fig. 34 This seep-fed cattle watering hole shoutb float-
ing algae and submerged filamentous growth. Surdedron
three sides by forest and probably too small feh fithis
pond supported high densities of Wood Frog andiBafa
der eggs many of which, judging by subsequensyisit
hatched and continued to develop.

Fig. 36 A thin, floating layer of greenery thatems and closes
based on wind, currents and other disturbancesisally a small
flowering plant (Water Meal or one of the Duckwapécies)
rather than algae. Of course, these too are respantb the nu-
trients in ponds. Duckweed reportedly makes a gongdood
and, as the name would imply, ducks do appareatiyt ¢o0o.

30

Fig. 35 A thick, frothy layer of algae, much ofigth
may be dead and dying at a pig pond. Because igs |
water, they are often housed near ponds which can
quickly become nutrient rich. Small isolated posdsh
as this one may serve as nutrient traps, howewtio
ing pigs near running water may result in substainti
down-stream nutrient increases.

Fig. 37 Many ponds develop a green fringe oftitaa

algae. At least some of this may be bottom grolah t
has subsequently floated to the top and then blsswnb
to the edges by the wind.



Fig. 38. Dense submerged water weeds grew in some
ponds. In this case, our sediment coring efforteevgeme-
what tangled by such plants (that's our sedimemnéccest-
ing on the paddle, its metal sheath still in place.

Fig. 40 Some of the algae that eventually endaup green
surface scum, start out growing attached to thedploottom.
Eventually, much of it breaks free and floats ® shrface. It
is believed that such bottom growth is tapping ieuts
stored in the sediments. However, in our sampledpaup-
porting such growth were not particularly high iadsment
nutrients. A shallow pond with a sunlit bottonaiso needed
for such growth.

Fig. 39 Floating vegetation such as these wateditan also
green a pond’s surface, and provide resting sibe$rbgs and
dragonflies These lilies were relatively rare air ponds.
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Fig. 41 High concentrations of suspended algae @aate
this thick broth. While the nutrients supportingswa greening
may come from adjacent land use and septic systamscan
also, in part, arrive naturally. This is a relatilyeold pond and
probably has received a good dose of nutrients fiteerleaf
fall of the surrounding forest



Figs. 42 To index chlorophyll and phaeopigmewtsfilled a syringe with pond water, attached te Hole at the top of the filter
illustrated at left. After passing a known amouhpond water through the filter, we opened thefilsee image on right) and re-
moved the filter paper for subsequent analysiss Tiher came from a pond with high amounts of aligsd algae; if there had have
been no algae, the paper would have been white.

Columbia Chester MA (various
Chlorophyll a County, NY | County, PA counties)
TSI Value (ug/L) Attributes (from Carlson) % of 92 ponds|% of 13 ponds|% of 24 ponds

Oligotrophy: Clear water, oxygen throughout

<30 <0.95 the year in the hypolimnion 13 0 17
Hypolimnia of shallower lakes may become

30-40 0.95-2.6  |anoxic 27 0 42
Mesotrophy: Water moderately clear;

40-50 2.6-7.3 increasing probability of hypolimnetic anoxia 18 8 25
Eutrophy: Anoxic hypolimnia, macrophyte

50-60 7.3-20 problems possible 20 8 8
Blue-green algae dominate, algal scums and

60-70 20-56 macrophyte problems 18 46 4

>70 >56 Greater densities of algae and macrophytes 3 38 4

Table 4. A description of the values of the Tro8tite Index (TSI) relative to chlorophyll concatitins and the appearance of
ponds. The columns on the right indicate how mdmuoponds fell into each class; for comparisoe,we also included data from
eastern Pennsylvania and from Massachusetts. TéStdsexpression of Chlorophyll concentrations aodhe evident relationship
between TSI and chlorophyll reflects mathematiat reothing deepet:

of more urbanized eastern Pennsylvania and theatimh of Massachusetts ponds.

In our data, is eutrophication clearly relatedtworounding land use? Does it provide yet another
example of the inter-connectedness of our landstApéhe top of the next page is another one ae¢ho
mathematical table for you to mull over. In allrfeéss, we could have presented a variety of reuitsu. The
details of the results depend in part on what faobme includes and some of the intricacies of ttmvmodel is
run (see appendix for most details of each pa#dicset of results). However, almost any way thaanayzed
this, land in lawn and in ploughage came out asgisignificantly positively related to TSI. Thistgan held
true whether we used TSI or total pigments (chlbytigplus phaeopigments).
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Dependent Variable: Trophic State Index
% of Variation Explained by Model: 12%

Number of Ponds in Analyses: 99

Standardized| "Significance"
Significant Variable Coefficient of Effect
Min. Distance to Forest -0.202 0.085
% Lawn within 400 0.257 0.017
% Plowed Land within 400 0.313 0.011
% Hay within 400’ 0.205 0.051
Let's look at Figure 43.
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to increase with plowed land.

The Trophic State Index (based on chloytigfoncen-
tration) in relation to plowed land around the poAdI tended

The tendency

% Developed within 400

Fig. 44 Trophic State Index in relation to % deped area.

is for TSI to decrease with increaaneg in devel-

opment, although, again, note how important theegher val-
ues are in determining the shape of the apparetiepa

There’s a suggestion of a pattern. Certainlyefaample, a high incidence of plowed land appeab®to
connected with higher than average TSI values. Bbthese patterns have a ready explanation: larfiald
fertilizers are, together with sewage, thoughte¢mhe of the prime causes of pond eutrophicatiaweyer,
what about the following Figure 44? TSI appearBdaegativelyrelated to degree of neighboring development,
meaning that higher development is associatedlattier eutrophication. This factor was not deemed
significant by the model we presented above, hilittéd with significance in other models. Is tipattern real
or just chance? Are the patterns above any mote rea

We can’t say for sure, but these figures raisestijores for future studies and, certainly, the waoirk
others supports the role of fertilizers in eutragaltion.
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All Photosynthetic Organisms — And the Green Grorithats All Around:We'd like to leave eutrophication
and move on to more charismatic subjects, but Isscautrophication is such a central issue in the
consideration of human effects on aquatic systevall take one more look at it. Above, we indexed
eutrophication by looking at algal growth measuvadne date in the year. What about data from dimes
of the year and from higher plants? After all, amy$pwho owns a eutrophic pond knows that it cars pas
through a variety of colors and textures duringytbar, and that, furthermore, other green organisoh as
Duckweed and pond weed may also become abundartad/data on estimated algal growth during May,
total aquatic plant coverage from July and Augusabical inventories, and Duckweed abundance during
September (when TSI data was also collected). \Wexied ponds by calculating the average relativeuswtnof
growth of each of these aspects of green-nessafidr pond. We called this “Average Growth”, anddetike
one last look at eutrophication measured in thig kaefore moving on. Here’s a strikingly simple mbihat
explains nearly a third of the variation in averggewth (just to give you an idea of the predictpver, or
lack thereof, of such a mathematical model, wenaiided Figure 45) :

Dependent Variable: Average Aquatic Growth
% of Variation Explained by Model: 31%
Number of Ponds in Analyses: 88

Standardized| "Significance”
Significant Variable Coefficient of Effect
Fish Presence -0.260 0.006
Lawn within 100’ -0.325 0.001
Woods within 400' -0.299 0.002

Average growth decreased with the presence ofrfigionds (Fig. 46) and as lawn or neighboringgore
increased (Fig. 47). The effects of fish on amgugtowth should not be surprising—atfter all, peopften
stock their ponds in order to reduce plant growkte. hope the effects of lawn are confusing, not beeave
want to confuse you, but because we just got daening that lawn (albeit within 400’ not 100’) was
positively related to TSI. Chlorophyll measuremeamé&nt into both TSI and our Average Growth variakle
how could there be opposite relationships? Eco&ilyic

we can't explain it, but mathematically perhapsoaa 1 o
dissect it. Because Average Aquatic Growth is a @
composite of the four variables mentioned above, it o
should only be negatively related to lawn if asteane ¢ 105~ Ooe
of the factors other than TSl is strongly, negagive % ° Oooo oo
related to lawn. In fact, all three remaining comeoats 1) o o Do g?
of Average Aquatic Growth (i.e., May algal growth, = O 0© o
summer aquatic plants, and autumn duckweed) were 3: °° 00@80
negatively related to lawn; with aquatic plants and = 0o o Wgd §°
duckweed showing the strongest relationships. GE) 0.35- L@ P 9
Another possible source of confusion is that all 0 °o %2008‘9
the habitat variables were intercorrelated. Fongla, a < o @®e° o
pond surrounded by 80% lawn could not be surrounde(ﬁD 105 o °
by more than 20% woods. In the above analyses,q@ow
and pasture land were also related to aquatic growt
albeit not as strongly as lawn and woods. In effi@gtn -1-7_? = _1'05 _0'35 0'35 1'05 1 '75
may represent more than just lawn. ' .Predict.ed Avg.. Grovth '

To get around this problem of intercorrelation,
we Condu‘?ted a p“nC|pa|. component ar!a|)(5|5 5.|rmiar Fig. 45. Predicted average aquatic growth vs.ested
what we did with the sediments, only this timetéasl of values. Clearly, there is a relationship; cleardlgere’s still
entering sediment elemental concentrations, waehte a lot of variation left to explain.
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Fig. 46. The effect of fish presence on aquatimgh. Aquatic ~ Fig. 47. The relation between average aquatiorghoand %
growth was lower in ponds where fish were present. of woodland in the surroundings. As forest increhseuatic
growth tended to decline.

our land use data. This resulted in six differaattitat “menus” that were completely independeragaxth other
(the mathematical process assures that). Whilethesnot as easy to interpret as variables likpSwed
land”, they are more valid ingredients in our maatekoup because they represent themselves arathyioddy
else. We won't tire you with the details of our labcomponents (details are in the appendix), vaneve
will tell you that among six components, one repreed, more or less, plowed land, another fordated] and
another was heavy on the lawn. The lawn and faldsigors were strongly correlated with Averagev@h
whereas only the plowed land factor was related,than only weakly, to TSI. From this, we concluat
there was good evidence of a negative relationseigween Average Growth and both forest and lawnhtHai
the patterns surrounding TSI were less clear, athdhere was a hint that plowed land contributed t
chlorophyll concentrations. We wish it were moreae| but wishing doesn’t make it so.

Interestingly, in our nod to Liebig, sediment pplosrus showed no relation with either TSI or averag
growth. Based on published studies of eutrophioatie had suggested a link between sediment phospho
and pond green-ness. However, this was not evidemir ponds. The seven sediment components whéch w
identified earlier also did not show any substdmékationship to our eutrophication variables.

We’ll move on to some more appealing charactans tireen pond slime: flowering plants, fluttering
butterflies, mosquito-eating dragonflies, and cingkrogs. Aside from giving you a glimpse of sonfahe
attractive diversity in each group, we’ll take mublke same analytical approach as we did with tpecis we
have already considered. We will ask what landséaqters correlated with, for example, amphibiavedsity.
We will also return to some of our measures ofaaltrcation (e.g., TSI, Average Growth) and our sesit
components to see what, if any, effects they mighthaving on the rest of the biota.

Eutrophication is an ecological consequence of a pond’s nutrient enrichment. These nutrients (e.g., phospho-
rus and nitrogen) encourage the growth of algae or higher plants. In our data, the growth of such organisms
was not directly related to sediment phosphorus, although it showed some correlation with surrounding land
use, specifically it decreased as lawn or forest increased. The presence of fish in the ponds correlated with

reduction in our measure of total green growth.
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VASCULAR PLANTS

Ponds are interesting places for plant diversiggause they offer habitat for three groups oftplan
aquatic plants that live submerged or floatinghi@ water itself; wetland plants, rooted in shalleater or in
wet soil along the shore and emerging from the mvated upland plants that are quite intolerantveét'feet”
but often grow right to a pond’s edge if the basikvell drained. As a consequence of this range@nditions,
in our surveys of 89 ponds we found a total of &t species growing either in the water or altregshore
within approx. 1 m from the water’s edge. We vidigach pond once in the period from June through
September and attempted complete inventories tii@NVascular species (flowering plants and fesns not
mosses) present at the time of visit. The abundaheach species was ranked in the following fdasses:
rare (1-2 individuals seen), uncommon (few indiaduseen, or species occurring in a few small gaich
common (occurs throughout but is well interspers#l other species), and abundant (tends to dominat
vegetation at least in some larger patches). Agsif all the plants documented at the ponds &lalvle upon
request?

The following table gives an overview of the carapion of the pond flora.

No. of Species of
Total No. in Given | No. of Native Conservation No. of Invasive
Class Species Interest) Species?

Total Numper of 369 259 25 25
Plant Species

Numper of Wetland 158 140 10 8
Species

Numper of Aquatic a1 34 3 4
Species

Number of Upland 170 85 12 13
Species

1) Species of Conservation Interest are either state-protected species or species recognized as regionally rare or

scarce by Hudsonia.®
2) Invasive Species as defined by the Invasive Plant Atlas of New England.*®

Table 5. Summary of the composition of the pond 6 89 study ponds in Columbia County.

Of the 369 species, 11% were aquatic plants, 48%and plants, and 46% upland species. Of the total
number of recorded species, 70% were native t@emion. This last value is very similar to the mamage for
Columbia County as whole and in the flora of thererState of New York, which are both compose@ &
native plants. The percentage of native speciedwgiest among the aquatic plants (83%) and thiamabt
plantslé89%). However, both of these more prisgiraips of plants did have a number of invasivabeir
midst:

The most frequently encountered species (foumdoaé than 50% of the study ponds) were Rice Cut-
grass, Spotted Jewelweed, Waterpepper, Sensitive Agow-leaved Tearthumb, Purple Loosestrife, Gaom
Water Purslane and Soft Rush. We looked at theiénecy of occurrence in our study ponds for eachispe
more than 100 species were documented at only amd; phe average number of plant species recoroed &
pond was 35; and the maximum from any one pond34as

Species of conservation interest found at the pamcluded the state-protected Winterberry, Flomgpri
Dogwood, Turtlehead, Cardinal Flower, Nodding LadVtesses (an orchid!), several fern species and th
aguatic plants Spiny Coontail and Hill's Pondweasiyell as the regionally rare or scarce Whorletkwbrt,
Blue Cohosh, Green-headed Coneflower, Great Solen®8wal, Silky and possibly Prairie Willow, Halbert
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leaved Tearthumb, Mountain Maple, Giant Ragweed,smveral grass and sedge species.

Doubtless, the upland species growing aroundhbees of ponds contribute to the overall diversitya
pond’s life. However, we found little reason toibee that the characteristics of the pond have nofien
influence on the composition of the surroundinganpl vegetation. Therefore, we focus on the aqaatic
wetland plants of the ponds during the followinglgees of the relationships between pond vegetaiioh
pond characteristics, surrounding landscape, amet ¢ife forms in and around the pond.

Native Wetland Plants — A Foot in Both Camps:the regression table below indicates, the tatahber of
native wetland plant species of a pond was posjtieerrelated with the amount of wetland area ia th
surroundings (Fig. 48) and with water depth ingbead, but negatively correlated with the proportodn
developed land within 100m of the pond (Fig. 49).

Dependent Variable: Number of Native Wetland Species
% of Variation Explained by Model: 21%
Number of Ponds in Analyses: 83

Standardized| "Significance”
Significant Variable Coefficient of Effect
Abundance of Nearby Wetland 0.268 0.012
% Developed within 100' -0.269 0.011
Pond Depth 0.239 0.026

Therefore, characteristics of both the pond itaslfvell as the surrounding landscape, signifigantl
correlate with the species diversity of native aetl plants. A pond embedded in a larger wetlanal iargkely
to have a larger number of native wetland plantsvgrg in and immediately around it, than a pond of
otherwise similar characteristics, but located mithn upland surrounding. Ecological reasons f plattern
might be the ease of arrival of plant propaguleg.(seeds) and the advantages for a plant tortbefalarger
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Fig. 48. The number of native wetland plant speaiesind each  Fig. 49. The number of native wetland plant speitigslation
pond in relation to the amount of wetland adjadenthe pond. to developed area within 100’ of a pond. Diverségched its
More wetland, more wetland plant diversity. highest levels in ponds where development wasstowe
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Fig. 51. Sweet Flag. Another species of cal-

Fig. 50. Grass of Parnassus. A calcicole (i.e.,
careous wet meadows.

limestone-loving) species often associated
with other rare plants.

Fig. 53. Yellow Star Grass. This flower is not
a grass, but rather a small, wild relative of
the daffodils; it is occasionally found in wet
meadows.

Fig. 52. Turtlehead. One of the more com-
mon wetland flowers; an important food
plant for the Baltimore Checkerspot Butter-

fly.
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Fig. 55. Halbert-Leaved Tear-Thumb. This

F|g 54 NOddIng Lady,S Tl‘esseS. We found Tear-Thumb iS much rarer than Arrow-
this native orchid in the V|C|n|ty of two Study leafed Tear-Thumb; both are wetland spe-
ponds. cies.
Fig. 56. Cardinal Flower. This state- Fig. 57. Lobelia. This rare relative of the
protected wetland plant was found only once Cardinal Flower was also found at only a
in our study. It was growing around the single site—a wet meadow near one of our
shore of a pond and along its outflow. Hum- study ponds.

mingbirds favor this flower.
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population (e.g., to avoid inbreeding). Similadypond embedded in a larger undeveloped arecely li&
harbor more native wetland species than a pongeimntmediate vicinity of development. Pond depthhhbe
a positive factor for native wetland species digrisecause the pond and its surrounding wetlamggtztion
are better buffered from the effects of droughnhtaahallow pool that might periodically dry out.dne set of
regression models, the presence of fish was foaithe thighly correlated with wetland plant divershpwever
we believe that this result was probably due toraetation of fish presence with pond depth andhaijacent

wetland.

Invasive Wetland Plants — Looking for the SweetelThe diversity of native plants is one indicatotod
“health” or “degree of naturalness” of a plant coomity. Another indicator is the absence or smaithbar of
invasive plant species. We found eight specieswdsive wetland plants at the study ponds, the most
frequently observed were Purple Loosestrife (52%arfds), Reed Canary Grass (45%), Bittersweet
Nightshade (31%), and Common Reed (20%). Here’'sahelation table:

Dependent Variable: Number of Wetland Invasive Species
% of Variation Explained by Model: 44%
Number of Ponds in Analyses: 80

Standardized| "Significance”
Significant Variable Coefficient of Effect
Soil Calcareous Class 0.252 0.009
Minimum Distance to Paved Roag -0.286 0.002
% Pasture in 400' Circle -0.338 <.001
Pond Age (Square Root) 0.259 0.006
Pond Water pH 0.219 0.019
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Fig. 58. Number of invasive wetland plant spec@sgared to soil

Minimum Distance to Paved Road

Fig. 59. The number of wetland invasive speciesugethe

calcareous class (based on Columbia County SoW&uas classifieddistance to the nearest road. Invasive speciedetno be
by Hudsoni&). More calcareous sites tended to have more imeasi most common when roads were nearby.
NC = Not Calcareous, SC = Somewhat Calcareous, Caicareous.
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The number of invasive wetland plants was signifianegatively correlated with the distance to iearest
paved road (the further away the nearest paved tbadewer invasive species) and with the amotipasture
in the vicinity of the pond (the more pasture laiind fewer invasive species). In general, ponds mibre non-
agricultural development in their vicinity, tendedhave a higher number of invasive wetland spedies
correlation might reflect a direct cause-effecatieinship, where more non-agricultural developnmecrteases
the likelihood that propagules of invasive speaies/e at the pond, either through escape fromroerdal
gardens (e.g., Purple Loosestrife) or through shedang roads/road-side ditches. Furthermore, dpveént
and its associated impacts (e.g., runoff from raadslawns, leaking septic systems) might benafiasive
over native wetland species.

Aside from the surrounding landscape factorsntimaber of invasive wetland species was also
significantly correlated with the pH of both thenglowater (measured directly) and the underlyingtgpe (as
derived from the Columbia County Soil Survey arakslfied according to pH by Hudsonia). Calcareails s
and more alkaline waters tended to support morasine wetland species. Examining the distributiatiggns
of the four most common invasive wetland speclage showed a clear preference for calcareous tomsti
Common Reed, Purple Loosestrife and Reed CanaigsGFraey occurred on 30%, 70% and 52% ,
respectively, of the ponds on calcareous or pabyttalcareous soils, while being found aroundycfth, 32%
and 36% of the non-calcareous ponds.

Native Aquatic Plants — The Older, The BetfEne diversity of native aquatic plants (for ourgmses defined
as submerged or floating) in the ponds was alsafsigntly positively correlated with the amount of
surrounding wetland area as the following regrestble indicates:
Dependent Variable: Number of Native Aquatic Species
% of Variation Explained by Model: 27%
Number of Ponds in Analyses: 81

Standardized| "Significance"
Significant Variable Coefficient of Effect
Pond Age (Square Root) 0.315 0.002
Abundance of Nearby Wetland 0.355 0.001
5—

Again, ponds embedded in larger wetland areas nbight
more likely to support a diverse aquatic flora hseathe
plant propagules are easily dispersed into the [ramal
the surrounding populations. Furthermore, aquasnotp
diversity was significantly higher in older pondsis

may have been due to the accumulation of species ov
time and/or diversity-favoring, ecological charaistcs

in older ponds.
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Invasive Aquatic Plants — Wanting BOB (Big, Open &
Basic):We found four invasive aquatic species in our
study ponds. Eutrophic Waternymph occurred in eleve
ponds, Curly Pondweed in six, Water Chestnut i, fiv
and European Water-milfoil in two ponds of the &gs.
As the regression table on the next page indic#tes,
number of invasive aquatic species was positively 3 5 0 p” 100
correlated with pond size and the distance of tredp Pond Age (years)

from large forest patches, as well as water pHadkaline

sediments (Fig. 61). Examining the distributioreath of ~ Fig- 60. The estimated age of a pond vs. the diyess
these invasive species individually, Curly Pondweed native aquatic plants. Older ponds were more diers
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Dependent Variable: Number of Aquatic Invasive Species
% of Variation Explained by Model: 42%
Number of Ponds in Analyses: 71

Standardized| "Significance”
Significant Variable Coefficient of Effect
Pond Area 0.320 0.002
Minimum Distance to Forest 0.213 0.029
Pond Water pH 0.245 0.036
Sediment Component 2 0.267 0.016

showed a very clear preference for high pH. Wendidfind 3r
it in any of the 65 ponds with a water pH lowerrtt& but it
did occur in four of the 16 ponds with a pH of 8gher.

Interactions of Pond Plants with Animal Lifés will be
mentioned in the section on amphibians, the shpitarided
by plants growing in and around ponds becomes itapbr
for frogs and salamanders especially in those poise
predatory fish are present. We have no reasonpgecatxhe
species diversity or composition of that vegetatmbe of
any importance, as long as its structural charistites
provide good hiding places for both tadpoles andtad
Butterflies depend on plants both as adults, with
nectar as their main source of food and as lamwdk,most
caterpillars eating leaves. Adults tend to drinktaefrom a
wide range of flowering plant species, taking adaga of | | | |
whatever is available. A place with a diversityptdnts 2 0 1 2
offering plenty of nectar throughout the seasor uglally Number of Invasive Aquatic Species
be found and frequented by the highly mobile bélies; at
least within the regional context of Columbia CqunThe Fig. 61. The value of the second sediment compdtrest
story is very different, however, for their catéigos, which f;?;;g?;tggﬁ é?ilngfet?ﬁaf%?gﬂt: ttr):glza\llvziggmfor
often depend on a very small number of host spedeme |yes for invasive aquatics, the dependent vasial
of our regionally rare, wetland butterfly specigsch as uncharacteristically, shown on the x-axis.
Baltimore Checkerspot, Eyed Brown, Bronze CopptaciB
Dash, Mulberry Wing, and Broadwing Skipper, layitieggs mostly or exclusively on wetland plants and
depend on these plants for the successful reafititgeamext generation. However, our observationhesge rare
butterflies where too scant and some of their fplaahts too wide spread to show any significantelation
between the occurrence of the butterflies and tiesjpective food plants.

Second Sediment Component

We found 369 species of plants in or around our ponds; 270 of these were native. The diversity of native
aquatic and wetland plants were positively correlated with the abundance of nearby wetlands. Invasive wet-
land and aquatic species were both favored by higher pH of soil and water. Furthermore, invasive wetland
species became more diverse in the vicinity of roads, and invasive aquatic species became more diverse with
increasing distance from forest.
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AMPHIBIANS —VOCAL HERALDS OF CHANGE

Most frogs (fig. 62) and salamanders rely upon
water bodies for at least part of their life cyai¢hile
some of these favor streams, many breed in ponds. W
tallied ten different species in the ponds we sddi
(Table 6), although the number at any one location
ranged from zero to eight. Some species, such as
Wood Frogs, Tree Frogs, Spring Peepers, and Mole
SalamandersAmbystomapp.), spend much of their
adult lives in upland areas that may be relativaty
from water, but then return to ponds to breed ayd |
eggs (Figs. 63, 64, 66-68). The adults of othecigge
(Red Spotted Newts, Bull Frogs, Green Frogs,

Leopard Frogs and Pickerel Frogs) are less ajitdg s

from wetlands. Many species metamorphose the sa 9. 62. A Leopard Frog. This was our rarest aibjsn, it
summer that they hatch, however at least a codple o was found on only one farm. Interestingly, it appda be
species (Green Frog and Bull Frog) may remain as relatively common farther west in the State, buhse loca-
aqguatic larvae for a year or more. In a regionally tions the Pickerel Frog is apparently scarcer thaare.
unique life history pattern, the “punk” teenagetshe

Red Spotted Newt, i.e., the Red Eft, wander widatymost local hikers know) before the adults retaran
aquatic life style®

Few residents of our wetlands are better knowmatdeast during some times of the year, more
conspicuous than our frogs. The worldwide declm&ags has received substantial attention of [Ebe.
immediate causes of this decline seem diversepudtithey may all ultimately reflect increased eowmental
stress. While we don’t have the historical dateotk rigorously at frog decline, we can look for@nt factors
that might be affecting amphibian occurrence inlandscapé?

We surveyed most frogs by following the Frogwabebtocol. This method involves listening for frogs
on warm nights after sunset (that may sound roroaliit it got
5 rather buggy). All of our region’s frogs call asvay of
% of 93 attracting mates and establishing territories. mo&lis are, with
Ponds a little practice, distinguishable, and we triedrigit each pond
Where three times during the summer to record speciesiteal the
intensity of their calls on a scale of 1 t4°3.

Salamanders, including newts, do not call, and the

Amphibian Species Found

Green Frog 89 Wood Frog has only a very brief, early-spring cajlperiod.
Spring Peeper 55 We surveyed for these species visually, countirggadgsters in
Bull Frog 42 the case of Spotted Salamanders, Jefferson Salansaacd
Wood Frogs, and tallying adults in the case of Rpdtted
Grey Tree Frog 42 Newts. We standardized our visual counts by leo§trond
Spotted Salamander 41 bank inspected.
Red-spotted Newt 31 While we believe that this methodology provided a
Wood Frog 29 fairly complete description of each pond’s amphilfiauna,

- certain species (e.g., Marble Salamanders) woulthane been
Pickerel Frog 27 detected by this method, and we have no doubfritstme
American Toad 15 cases the rarer species eluded our counts.

Leopard Frog 2 The Green Frog was by far our most common species.

— This frog is a widespread generalist, found in Eoadd along
Table 6. The occurrence of amphibians at the 93 - reaks Our least common was the Leopard Frogvastfound
ponds which we surveyed. Based on egg mass size . . . .
and location, we believe that Jefferson/Blue-spbtte at two sites on a single farm. Amerlca}n Toad wae @Iatlvely
Salamanders were also present, but we did not talfyncommon, however we think that this may be pdytle to

them. its relatively brief breeding period, its somewlmatonspicuous
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Fig. 63. Pickerel Frog eggs. These are foundghttclusters

the size of a small grapefruit. Eggs are surrounbgdela- Fig. 64. A diverse set of amphibian eggs. PickErel eggs
tively little jelly compared to those of wood frodfie develop-  gre the darker clusters; the looser, lighter clustthat are
ing embryo is distinctly bicolor. nearer the surface appear to be from Wood Frog witime

cloudier salamander egg clusters evident in deeyser.

eggs and the fact that, during breeding, it seenctuister more intensively than some other speGeserally

speaking, American Toads have not been an unugmlis our region. Other amphibians occur in Cabin

County, but either favor different habitats (esgfream salamanders) or, like the Marbled Salamamgee not
“caught” by our survey techniques.

Our prime measure of amphibian species abundawesegge frog calling intensity) was very highly
correlated with amphibian diversity (Fig. 65). This 55 _
suggests that, not surprisingly, those areas
providing good habitat for any one species, usuall
were beneficial for a range of species. Given the 7
close relationship between these two variables, it ©
would not be correct to treat these as two separate= 15
measures. Therefore we estimated the overall —
amphibian abundance for each pond by summing g)
the relative abundance of each species including 'c=_5
those censused visually. More diverse ponds hadQ 1.0}
more apples in the barrel, ponds with higher
abundance had heavier apples. Either way, the
weight of the barrel increased, and “total
amphibian abundance” is our measure of the
weight of the barrel.

As the regression table on the next page
indicates, we looked at the factors which were
correlated with Total Amphibian Abundance.
The pattern seems relatively strong (nearly a third 0.0¢ ' ' ' '
of the variation predicted) and the interpretation 1 2 3 4 S N !
relatively straightforward. We've introduced one Number of Amphibian Species
of our habitat menus here because this ecologicalFig. 65. The number of amphibian species at a gp@rd vs. the
investigation would get too contorted if we had to abundance of amphibians as indexed by frog-caltuensity. Di-
constantly hedge our remarks by discussing the-intg/Se ponds not only tended to have more spectesismimore
correlatedness of habitat characteristics. Thetalabi'nd'v'duals'
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Fig. 66 A Red-Spotted Newt checks out a clusté&/and Frog eggs.

These newts will prey upon such eggs. Fig. 67. Mole Salamander eggs, probably Spottdd-Sa

mander, although a small cluster might also béeysbn/
Blue Spotted. Spotted Salamander egg clustersare f
qguently surrounded by an opaque jelly resemblingked
egg white, rather than the clear jelly evidenthistphoto-
graph. The eggs generally remain healthy.

Dependent Variable: Total Amphibian Abundance
% of Variation Explained by Model: 36%
Number of Ponds in Analyses: 86

Standardized| "Significance"
Significant Variable Coefficient of Effect
First Habitat Component -0.409 0.000
Average Agquatic Growth 0.251 0.007
Size of Pond 0.237 0.009
Abundance of Nearby Wetland  0.192 0.038

component that entered, and entered strongly, keasrie
associated with widespread non-agricultural develaqt. To
use a term from our gastronomic explanation ofqypial
components, it indicated a “diet” high in developaad, houses
and roads. Amphibian abundance showed a cleartinega
relation to this factor, meaning that the moredestial or
commercial development there was, the lower thehalorgm
abundance (Fig. 69). This relationship was echondle pattern
of total amphibian abundance relative to land @egories
(Fig. 70).
Three other pond characteristics were related to
amphibian abundance: pond size (larger ponds nmeard
amphibians, even though we attempted to controtl sire in
some of our abundance measurements), average gobaitae
and aquatic plants (more growth led to more amphi)i, and
the extent of adjacent wetland (more adjacent wetlenore Fig. 68. A mating pair of American Toads in a
amphibians; we’ll see this factor again!). Nondlase farm pond.

45



20 — 3

© 3
8 c
© o) 'g -
o c
c S
3 2
< =
c RN
8 a
! <
E 3
Q.
E <
< B3
g8 o
) (o
|_
| | | | | N N 5 lé I
-10 & N ) &
2 -1 0 1 2 3 & é\&& & &
Non-Ag. Development Habitat Component ) e
Surrounding Land Use
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(our first habitat component) and total amphibiamuadance. land use context around each pond. Abundances highe
Higher levels of development were associated witfet abun- est in ponds located in agricultural settings orasd there
dances. was neither agricultural nor residential use.

relationships is surprising. Apparently, the degreeegetative growth in our ponds generally bepdfi
amphibians more than it harmed them. Aside fronviging food for some larvae, vegetation also presid
shelter from predators. Others have suggested/éggtation may help shelter amphibians from predaive
therefore compared the relationship of total amighilaliversity with and without fish to our classdtion of
shoreline vegetation (Figs. 71 and 72). The remylpiatterns showed elevated amphibian abundantes wi
increased shoreline vegetation only when fish vpeesent. This supports the notion that such vegetat
provides meaningful shelter from predators.

How did each amphibian species fare? While we woy'your patience by profiling the patterns
associated with each species, we do want to higfdidew patterns that may help you understand mbie
about pond ecology. Of the nine amphibian spdoewhich we had adequate data, the abundances of s
species (Wood Frog, Spotted Salamander, Newt, §praeper, Pickerel Frog and American Toad) were
negatively related to non-agricultural developmaeuttile that of three (Bull Frog, Green Frog, Treed)
showed no pattern. Half of the negative relatiopshvere considered statistically significant. Fpsbsence was
associated with decreased abundance of Wood Fralj§rae Frogs. Sediment effects were less cledy. On
Spring Peepers and Spotted Salamanders were sanilfi negatively related to sediments that redylar
exceeded ecological effect standards, although Hireg, Green Frog and Wood Frog showed similar
tendencies.

We looked at one group, vernal pool amphibiare Init more detail. These are the species whichdspen
much of the year in forests, coming down only byiéb breed in neighboring ponds. As we mentionadier,
these are species which require not only healtmggdut healthy uplands. Several authors have stioatrihe
occurrence of vernal pool species is determinegai, by the presence of adequate upland hahitaei
surroundings. We pooled (forgive the pun) Wood Fand Spotted Salamander abundances to come uawith
single index of vernal pool amphibian abundancethea asked how that related to neighboring wobds (
73). Obviously, woods aren’t the only thing thatgh critters need (indeed, fish absence was ankelyer
ingredient in statistical models), yet without fetrethese species were not comrfibn.

In sum, amphibians show more pronounced correlatiath the nature of the surrounding land than did
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Fig. 71. The relation between shoreline vegetativeer and

amphibian abundance in the absence of fisanything, am-

phibian abundance was lower in ponds with much cove

either pond chemistry or eutrophication measurbs T
shouldn’t be surprising, given that most of thgsecses

must actually live part of their lives in that |awadpe.

These results emphasize the importance of thinking
landscape terms when conserving amphibians. The
possible relationship to sediment toxicity is weoine

— some of the toxins in our sediments may be due to

atmospheric deposition. If so and if some amphgian

are affected by that deposition, then their corestéym

would require more wide-ranging changes than

“simple” habitat management. Consideration of our
own health should have already told us that (the fatJ

example, estimates that air pollution shortendivies

of its citizens by an average of eight montfis).

We found at least 10 species of amphibians in our
ponds. Their occurrence was extensively correlated
with habitat and landscape conditions. Non-
agricultural development had a strong, negative ef-
fect on overall amphibian abundance. Density of
shoreline vegetation was positively related to total
amphibian abundance, but only in the presence of

mon in ponds near forest.

fish. Vernal pool amphibians tended to be most com-
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Fig. 72. The relation between shoreline vegetativeer and
amphibian abundance in the presence of. fisimphibian abun-
dance appeared to increase with increasing shoeetiover.

Fig. 73. The abundance of vernal pool amphibianelation
to extent of nearby woods. These species depewdated
uplands during most of the year; their eggs appeéadocbe
most common in ponds with abundant adjacent woods.



DRAGONFLIES & DAMSELFLIES —OF WATER AND AIR

Odonates (the name taxonomists have given to this
group) have aquatic larvae. As such, adults ared@round
ponds as they emerge from the water and when #tagnrto
breed. (See Figs. 74-77 for illustrations of sdonal
odonates.) Aquatic invertebrates have, in genbesn widely
used to evaluate the quality of aquatic habitdtispagh this
has been more extensively applied to streams tbadsp

We surveyed adult odonates visually. Because oalr (
was to list all species flying during our visiteidabecause
ponds varied in characteristics, we used variaigth surveys
and then standardized counts based on duratiorthEenost
part, we followed the New York State Odonate Sutyey
protocol. Species which required close inspectienew
captured with a net and their wings were “pinnexat
magnetic board for photographing and inspectioth@dlgh a
few specimens were kept for definitive identificatj most
were released after inspection. By the time theests were
nearing completion, almost all species could bdihga
identified on the wing, and capture was generatiynecessar)
(One soon learned, for example, that the “snitches’e
Eastern Amberwings, while the Jumbo Jets were lysual
darners of some flavof?)

Different species of dragonfly and damsel havieght
flight seasons. Although we tallied all specied tha saw
during our surveys, only those species flying farstror all of
our June — early September survey period werededun our
statistical analyses. The timing of dragonfly sys/ean also
affect the abundance registered. Not only does abtire day
matter, but weather also determines how many drfigemre
flying. Our logistics did not allow us to take tlees
considerations fully into account, although the onigy of
surveys were done between 10:00 am and 4:00 praiciess
days between early June and late August. At thst,l@aee have
no reason to believe the effect of time and weatlax other
than random.

We found 47 species of dragonflies and damselflies
during our surveys (Table 7). This is probably axa third of
all dragonfly species that occur in the regions &lso a can of
worms. How does one look for patterns in such ditg? We
would probably not have any readers left were wigytto take
you through a species by species analysis of omccer The
compromise, aside from looking at total dragonfbyiladance
in the same way that we looked at amphibian aburedas to
look at the fate of a subset of these insects. Kkbpgdroadly,
pond odonates can be classified as generalistspauialists.
Some species occur in a wide variety of pond tgmeseven in
certain flowing waters; others have more restricted
distributions, occurring mainly in temporary poratsmarshy

Table 7. (Right) A list of the occurrence of drafipispecies in our ponds. Species marke
with an “S” were included in our Specialist Odonateategory.
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(89 ponds visited)

Occurrence of Dragonflies and Damselflies
Columbia County Ponds

Ponds
Where
Species Found

fragile forktail 81
eastern forktail 78
red meadowhawk 62
slender spreadwing 53
eastern pondhawk 52
blue dasher 44
widow skimmer 42
12-spotted skimmer 39
common whitetail 36
variable dancer 28
azure bluet 25 Is
common green darner 24
eastern amberwing 24
slatey skimmer 18
familiar bluet 17
black saddlebags 16
orange bluet 16
undet'd darner 12
spotted spreadwing 10
sedge sprite 9 S
dot-tailed white face 8 S
skimming bluet 8
sweetflag spreadwing 8
halloween pennant 7 S
band-winged
meadowhawk 7
amber-winged
spreadwing 6 S
hagen's bluet 6 S
swamp spreadwing 6 S
beaver/common
baskettail 6
ebony jewelwing 6
aurora damselfly 4 S
calico pennant 4 S
double striped bluet 3
shadow darner 3
marsh bluet 2 S
lancet clubtail 2
atlantic bluet 1 S
big bluet 1
chalk-fronted coporal 1 S
eastern red damselfly 1
tourquoise bluet 1 S
harelequin darner 1
lancet darner 1
rackettailed emerald? 1
southern spreadwing 1
stream cruiser 1
unicorn clubtail 1
vesper bluet 1




Fig. 74. A Spreadwing preying on one membermobted

pair of Phantom Craneflies. Both species occurmegutarly Fig. 75. A Dragonfly (possibly a Meadowhawk) esek.

around our grassier, shrubbier ponds. Dragonfliesialam- Dragonflies and damselflies lay their eggs in thetar and
selflies are insect predators and may help conmrokquito these develop into aquatic larvae which eventuztiyvl up
and blackfly populations. into the air and “exclose” to reveal the winged didu

areas. The former group tends to include the momnenton species on our list (e.g., the forktails,fr@awk,
dasher and skimmers), while the latter group teadisclude, as one would expect, some of the iIgpecies.
Based on a review of habitat requirements, wauthexdl the following species in our “specialist” goou
Sweetflag Spreadwing, Swamp Spreadwing, AtlantieBIAzure Bluet, Hagen’s Bluet, Calico Pennantl an
Halloween Pennant. The details are surely debathbteve will call this group the “Specialists”. Wall the

Fig. 76. A damselfly_, probably a S_kimming Bluests on Fig. 77. A Halloween Pennant. Gaudy as some ilitte we

d_uckweed. Damse_lflle_s have dantu_er bodies thanairag considered the pennants to be some of our spemiatido-

flies and close their wings over their backs wieerded. nates. This dragonfly is holding its wings opethi typical
perching stance of dragonflies. We caught (and tetersed)
a couple of these to inspect when we were stithieg, how-
ever, as one can easily imagine, they could beikeatkntified
on the wing.
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remainder “Generalists”. Below, we present two sé@nalyses — one for our so-called specialistiggeand
one for the generalist group. It seems logicalddadth. On the one hand, one would like to simpigw how
conducive a given habitat is to your run-of-thetmdonates that might use it; on the other hand, by
highlighting what might be somewhat more sensisipecies, we might better understand how suitahbie ou
ponds were for the more discerning speéfes.

Please note, specialist and generalist are relsgivns — a species that might be a habitat gesteral
might be a specialist in other regards (e.g., sbyp); furthermore, we were particularly interesitethe group
that tended to favor a restricted sepohdhabitats. The Big Bluet, for example, is thoughb#&osomething of a
slow river “specialist”, that species’ occurrenneone of our ponds near the Hudson probably reftetiie
location of the pond rather than the habitat itvpded; we did not classify Big Bluet as a spectalis

Here’s the regression report that looks at theofaacorrelated with the abundance of our spetsalis

Dependent Variable: Specialist Dragonflies & Damselflies
% of Variation Explained by Model: 15%
Number of Ponds in Analyses: 84

Standardized| "Significance"
Significant Variable Coefficient of Effect
Presence of Fish -0.215 0.039
% Pasture within 100' 0.306 0.004

This is not a terribly strong set of relationshipsly about 15% of the variation is explained. phesence of
fish was associated with reduced numbers of spsicthhgonflies, while their abundance increasdti wie
amount of pasture in the proximity. The relevantish has been noted by others; fish can be dpesdators
on larvae and, to some degree, on adults. Theastsiwere, as we defined them, those speciedwigce
reported to be restricted to vernal (seasonal) pamdl marshy areas. One of the main ecologicakcpesnces
of a vernal pool is the absence of fish, and vepoal organisms tend not to be adapted to fish.

The relevance of grazed margins or of pasture {@ywas less intuitive for us than the role shfiln
the case of the dragonflies (and unlike the casmiti€rflies which we shall explore next), we befig¢hat this
correlation may have been primarily due to a refeghip between the abundance of these odonatasend
vegetation of the pond margins (Fig. 79).Yet, rébadfollowing description of good pond margin habitaken
from a Scottish document on habitat managemerdrggonflies:

An ideal situation consists of a mixture of bothg@nd short grassland and even bare
ground near the water’s edge, with scrub and wandInearby. This should provide
areas for hunting, roosting and basking away fithen intense competition that can exist
at the breeding site itseff

Although the authors don’t say so, this is quitgoad description of the margins of a pond in extetg
grazed pastureland. Most specialist dragonfliesspyly shun heavily shaded, densely-wooded ponksha
and yet are not at home along the close-clippdg,ntiargins of lawn ponds. Ponds in pasture arerapfg a
happy medium. Given that fish were more commoresidential than agricultural ponds and few peopéeg
their lawns, specialist odonates were more commouna agricultural rather than residential pondg.(80)2°
The only factors “significantly” correlated withé¢ abundance of generalist dragonflies and daneselfl
were those related to pH. Ponds on more alkaliile sad more odonates (Fig. 81). We have seen igasim
importance of pH amongst plants.

We found 47 species of dragonflies and damselflies during our study. The total abundance of specialist odo-
nates (i.e., those that are reported to prefer marshy areas or vernal pools) was reduced in ponds with fish
and higher in ponds with grazed banks, possibly because grazing creates better habitat structure.
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BUTTERFLIES —A FEW WHO HIDE IN A WETLAND NURSERY

Butterflies are not aquatic, yet the caterpillafrsertain
species favor wetland plants that are sometimasdf@uound
ponds. For example, the caterpillars of Baltimohe¢kerspot
(Fig. 86)feed upon Turtlehead (Fig. 52), while tho$ the
Mulberry Wing (Fig. 85) and Black Dash favor sedgese
Bronze Copper (Fig. 82) also seems to be confioedetlands,
although its food plants (various speciefRamexor Dock) are
not. Butterflies can thus serve as yet anotheobioal
perspective from which to evaluate the quality efetland.

We did visual surveys, roaming the margins of the
ponds, and doing species-specific counts of atebilies seen.
As with dragonflies, the length of the survey wased and
counts were standardized based on the duratidredfurvey.
We chose this approach over fixed length survegaume our
primary goal was to list all butterflies flying tte given pond
during the survey visit. Because ponds differedkedly in size,
structure, and butterfly abundance, we used vatedey
lengths. Butterflies were identified on the wingh&v
necessary, a digital camera was used to captuigesrfar
subsequent identification.

Different butterfly species fly at different timegyear.
Often this has to do with the growth timing of theaterpillar's
food plants. Although we tallied all the butterdlithat we saw
during each survey, our standardized counts omlyded those
which reportedly fly for all or most of our Junedarly
September survey peridd.

Occurrence of Butterflies
Columbia County Ponds
(92 ponds visited)

% of

Ponds

Where

Species Found

cabbage white 76
pearl crescent 61
sulphur 51
monarch 50
least skipper 42 |w)
common wood nymph 30
eastern-tailed blue 26
orange sulphur 21
black swallowtail 20
great spangled fritillary 20
baltimore checkerspot 15 |w
european skipper 14
tiger swallowtail 13
common ringlet 12
viceroy 11
peck's skipper 8
eyed brown 7 w
meadow fritillary 7
silver-spotted skipper 7
american copper 5
mullberry wing 5 w
northern broken dash 4
black dash 3 w
bronze copper 3 W
comma 3
broad-winged skipper 2 w
little wood satyr 2
red admiral 2
spicebush swallowtail 2
aphrodite fritillary 1
banded hairstreak 1
common buckeye 1
crossline skipper 1
little glassy wing 1
mourning cloak 1
red-spotted purple 1
striped hairstreaks 1
tawny-edged skipper 1
wild indigo 1

Table 8. A list of the butterflies found aroune th
ponds we studied. Species accompanied by a “w” are
ones that we included in our group of wetland lutte

Fig. 82. A Bronze Copper rests on Blue Flag Ifi$ese

flies. The Least Skipper, while not confined to wet

showy little wetland butterflies were relativelycommon. lands, was distinctly more common in such habitat.

During the summer, we found them at only threeuof o
ponds.
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Fig. 83. The average abundance of wetland buiterfh ponds Fig. 84. Wetland butterfly abundance around poindsom-
with different classes of margins. See Fig. 7%foexplanation parison with amount of adjacent wetland. Unlike special-
of the margin types. Wetland butterflies seemdmetmost com- ized dragonflies, wetland butterflies seemed toelsponding

mon at ponds with grazed margins.

Fig. 85. A Mulberry Wing nectars at Red Clover. \&lihe
adults of many butterflies are relatively undisdriating in
terms of the flowers that they nectar on, the qallars tend to
be more picky. The caterpillar of this small wetaskipper
feeds on sedges.

to amount of adjacent wetland.

We tallied 39 species of butterflies around our
ponds (Table 8). Most of these were open-area
generalists, butterflies whose habitat prefereaces
food habits as caterpillars are general enoughthiegt
have widespread occurrence. However, six or sefen o
these species were more particular. We classified
Baltimore Checkerspot, the Black Dash, Bronze Cgppe
Broad-winged Skipper, the Eyed Brown and the
Mulberry Wing, as wetland butterflies, although tast
was not included in our initial analysis becauséof
relatively short flight season.

As with the specialist dragonflies, wetland
butterflies were most abundant at ponds with grazed
margins (Fig. 83). However, rather than reflectraal
link to habitat structure, we believe this corriglatwas
due to the fact that pastured ponds tended to imave
adjacent wetland habitat, and the butterflies were
probably responding to the increased abundandeeof t
required favored haunts (Fig. 84). It would beliesting
to explore the occurrence of these butterflies aran
depth, but wetland butterflies were only recordesia
ponds Such a small number of occurrences limits the
extent to which we can “chew” these data, and means
that the few sites where such butterflies weregres
hold heavy sway over any statistical analysis. éBse
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of this small sample size, we're not including aegression table for butterflies). By including aspecies of
wetland butterfly which flew only for part of thegr (the Mulberry Wing), and another which was more
loosely tied to wetlands (Least Skipper), we canldease our sample size. The result? Variatioreased but
the pattern remained the same — more surrounditignvag more wetland butterflies.

Most of the butterflies we saw were generalister€ is no particular reason to suppose that theg h
any particular relation with ponds, and we will eaplore their occurrence in any detail. Sufficeisay that
they appeared to show surprising correlations pithd depth and sediment chemistry. We believédimeer
relation derives from pond depth’s previously-noteldtion to age and purpose of a pond, and thearoitant
broader landscape aspects associated with théseedides. The relation to pond sediment chemisay w
intriguing and, we assume, may reflect relationshdgbroader regional patterns of pollution deposit It is
not difficult to believe that the abundance of brfttes might be influenced by, among other thirgs;essive
lead and copper levels in the soils of their fotahts. In that case, the pond sediments are ks flar what is
occurring in the surrounding land and, likely, atfeg the butterflies directly. Intriguingly, oth&uropean

biologists have reported just such a link
between contamination and butterfly
declines?’

We found 39 species of butterflies around
our ponds. We classified a small subset of
these as “wetland butterflies” and explored
their occurrence in more detail. Wetland
butterflies appeared to be associated with
ample wet meadow adjacent to the ponds;
wet meadow, in turn, was associated with
grazed areas. Generalist butterflies
showed a strong relationship to sediment
chemistry.

Fig. 86. Baltimore Checkerspot. The young cateapsllof this wetland
butterfly sometimes feed on Turtlehead (Fig. 5Bhoaigh the species ap-
parently has other foods and main not be as tiedd¢ttands as some other
butterflies.

THE WHOLE KIT ‘N KABOODLE

So far, we have looked at ponds through the “egé&iur different sets of organisms: plants,
butterflies, dragonflies, and amphibians. Givendliferent biologies of these species, it seemsarable to
assume that they provide somewhat differing petspecon the ponds. Yet, at the same time, givanttiey
are all living organisms, it would also seem readx® to assume that they may respond similarlettam
aspects of their landscape. True, people frommiffiecultures (and even within cultures) will halrferent
ideas of what makes a ‘good’ home; however, theyabably all agree that warmth, dryness, safetg, an
relative quietness are amongst the desirable.tdour organisms show similar consensus arougd an
landscape factors? Can we make any broad statead®mmis what favors a diverse pond?

It appears we can. To address this question, anelatdized each diversity value. For example, we
calculated the average number of butterfly spemieand our ponds, divided the observed numberyat an
particular pond by that value, and then expredsedlifference in terms of a proportion of the tatserved
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variation (technically, we divided by the standard 2 o
deviation). This let us express plant diversity énéha total
of up to 84 species were possible at any one pamdifrog o
diversity (where a maximum of eight species were
observed at one pond) on the same scale, and kewi
across the remaining groups. A somewhat analogous
approach is taken in schools, where a comparablef se
grades is applied across subjects even thoughsedpbct
area may have a different “grade curve” and a aifie
number of tests.

d Odontate Dive

First, we asked simply, how intercorrelated are o}
four measures of diversity? Although amphibian ity ©
was uncorrelated with any of the other three messtire _g -1
plant, butterfly and dragonfly diversity indicesreall = ® o
significantly intercorrelatede.g., Fig. 87). This means, fqp, o
example, that knowing the number of butterfliea given - L o | | | |
pond can help you predict the number of dragonitiesll '2_2 1 0 1 5 3
have, and vice-versa. This may occur because these Standardized Diversity of Wetland Plants

organisms are responding in broadly similar wayth&ir

environments, e.g., what's good for a flower isgjéar a  Fig. 87. The diversity of wetland plants vs. tbtragon-
butterfly. Or, it may mean that healthy habitat®oé sort flies and damselflies. This is an example of atiesty
tended to co-occur with healthy habitats of anotRer strong correlation between the diversity of twdidt sets
example, people who plant butterfly gardens may tgad  ©f organisms.

to treat their ponds more benignly or farmers wéfodmple

room for wildflowers, also tended to leave pondgaod order.

Thinking about our data in this way led us to dade these analyses with one final probing for
correlations between diversity and landscape/ptadacteristics. (And you thought you had seendbedf
those bothersome regression tables!) We calcuthtedverage diversity of a given pond across aurr, fo
standardized diversity measures. When data wergngi$or a given taxonomic group, the average was
calculated based on the reduced set of numbers.vahie, which we’ll humbly call Grand Diversityart be
thought of as a first estimate of the overall, dstg-supporting value of each pond. Was Grand Biwye
correlated with any of the environmental factorsmeasured?

Here’s the relatively simple model:
Dependent Variable: Average Relative Diversity across Tax
(i.e., "Grand Diversity")
% of Variation Explained by Model: 12%
Number of Ponds in Analyses: 90

Standardized| "Significance"
Significant Variable Coefficient of Effect
pH 0.277 0.007
Non-Agricultural Development| -0.257 0.013

Not surprisingly, two of the factors which we haeen before, pH (Fig. 88) and our non-agricultural
development component (Fig. 89), were significarghated to Grand Diversity. Increased pH was datee
with increased diversity; increased non-agricultdevelopment was associated with diminished dityers
While these correlations were highly significamtdaeadily understandable, they explained only athb&o of
the total variation in Grand Diversity. As Figs. 838d 89 illustrate, much variation is left to b@kned. We
will summarize these results another way by retgmio the land use categories that we used earigasking
how Grand Diversity compared across ponds in diffefand use contexts (Fig. 90). As those who have
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Fig. 88. The relationship between pH and Grand Bitg. Diver- Fig. 89. The relationship between non-agricultudalelop-
sity across plants and animals tended to increasie nwcreasing ment and Grand Diversity. Diversity across plantsl @ni-
pH, although much variation remained to be expldine mals tended to decrease as non-agricultural derataqgt
increased.

followed our results so far might suspect, Grand

Diversity was highest around relatively wild (yqtem) 1
ponds, followed by agricultural ponds, with resitiln
and mixed use ponds falling noticeably lower.

This is fitting closure for our analyses. Two
factors, one associated largely with the natural
landscape (pH) and the other primarily a human
construct (non-agricultural development), may be
influencing the life of our ponds. The potential fo
agricultural ponds to support a relatively highedsity
of amphibians has been noted by biologists working
elsewhere in New York and in the Midwest. Others &£
have commented on the diversity of some agricdltura ‘5 -1
landscapes for butterflies and grassland plants. We
believe that such results are important to highjigh
we continue to lose agriculture land in the Nortitea
and given the public perception that agriculturad a
nature conservation are not generally compatildhat T
said, we must also caution that, while both
conventional and organic farms were included in our
sample, they are hardly representative of all agjrice vq‘\\
in the United States or even in Columbia County. .
These results indicate tihealizable potentiafor Surrounding Land Use
agriculture and nature conservation to co-exigly o not EL%-IggaGu;aegd gi\‘/’;fssiitty ;Cf?::tg’g’:ésasrﬁggﬁsn%‘;ﬁzfi'n
Eﬂ:l?;eog]raissﬂiz i:lﬁ?fr:guysiir:oboektg‘fﬁzrfg;vgn(hnt Eonds Ioc_ated i_n relati\i/ely Enused (but open) aréaliowed

y those in agricultural areas.
backyards—neat and trim backyard ponds, beautful a
they might appear, do not necessarily benefit the

Diversity

2 | | | |

> > &
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Fig. 91. A natural vernal pool. The rising andliiad water Fig. 92. A dug pond bordered by a beaver-createl we

level of such ponds creates a vegetation structareewhat land. Beaver ponds have a life cycle from open pond
similar to that of grazed ponds. Importantly, tieasonal through beaver meadow to more or less solid lanideiV
drying out of vernal pools excludes fish and largerphib- beaver are allowed to follow their whims, the lomda
ian predators such as Bull Frogs. The stockingmfds landscape becomes a dynamic patchwork at various
with fish generally reduces their native animaleatity. stages of flooding and regrowth.

organisms that live around them. If we want to emage native diversity around our ponds, we neatbtso
consciously®

The next section is an ecological segue to out thaughts on management. If you are thinking about
constructing a pond, we first ask you to think abehere you’re putting it, then we ask you to thatlout how
you manage it.

The diversity of pond plants, butterflies, and dragonflies was highly intercorrelated. Amphibian diversity ap-
peared to follow somewhat distinct patterns. We calculated a single measure of diversity across plants, drag-
onflies, butterflies and amphibians and gave it the modest name “Grand Diversity”. Grand Diversity increased

as pH increased (i.e., in more basic or alkaline habitats) and as non-agricultural development decreased.
This reflects patterns that we saw in our analyses of the individual groups, and illustrates the combined hand
of nature and humans in producing the patterns we see

Conclusions
THINKING ABOUT BEFORE — WHAT DO PONDS REPLACE?

A central question concerning the ecological afléhe newly constructed ponds in our landscapleds
following: what are they replacingAre these ponds that are appearing de novo oomland? Are they the
result of digging out wetlands? Are they empoundimenstreams? In other words, are our newly-coogtd
ponds adding aquatic habitat where there was noaeedhey converting one kind of aquatic habiat t
another? For the ecological bottom line, this isnaportant consideration: are we building aqua#bitat or,
perhaps, degrading it?

Historical data on land cover is difficult to olntaHistorical aerial photographs can, for examplee
you a good idea of whether or not open water waset sixty years ago, but judging wetland statmsbe
more difficult. We made a preliminary assessmenttudit habitats dug ponds replace based upon agond’
position in the landscape, its surrounding vegataiind some historical information. We classitididhe
recent ponds (i.e., ones not present in the 194@sjour classes: those that we believe probaldyeplace
wetland, those that are empoundments on streagreeks, those that we are fairly sure were dugiand
areas, and those for which we have no good idedeWhtese numbers are hardly precise (Table 9y, the
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Construction Context % of 84 ponds

Replaced Wetlands 23
Empounded Streams 20
Created in Upland 36
Unknown 21

Table 9. Our first approximation concerning the legical history of our 84 dug ponds. Perhaps 1/44® of the ponds re-
placed pre-existing wetlands or stream corridors.

help us estimate the possible scale of wetlandadiediion or creation.

Based on these calculations, we estimate that fn@mund % to a little less than Y% of the consticte
ponds replaced wetland, meaning that pond congiruotay regularly be concomitant with wetland IoBise
consequences of stream empoundment may be ecdlpgiired — for example, a beaver pond (or a
constructed analogue) can create valuable wet meath@re there was previously a narrow creek. On the
other hand, the creation of a well-kempt ornamepdald in an area where a fairly broad and margsieast
previously flowed could signify a decrease in egatally-valuable wetland habitat. Our numbers aggyv
rough and our analysis incomplete, however we belikat this is an important topic that should be
considered as one assess the consequences ofnalibyitding habits.

A FEW BRIEF THOUGHTS ON POND MANAGEMENT - BEAUTY’SIN THE EYE OF THE BEHOLDER

Ponds, as many have said, are micro-cosmos owtnlgls where many of the ecological processes
occurring on the less-bounded landscape around énemplayed out in miniature and in relative iSolat
While this may be a useful perspective, ponds B@ia some ways focal points for all that is happg
around them, semi-discrete points where the netesffof contamination and land use in the surrogsdare
expressed succinctly. A pond is a cosmos in whiehshower of materials from the outside world temse.
And we have control over at least part of that gelu

A variety of books, articles and websites focugpond and lake management. We especially
recommend Winfield Fairchild’s Pond Management wigéb. The link to this and several other resouares
listed in the reference section, It is not our goaleview those here. We do want to conclude mgtyogether
some of our results with pond managentént.

First, a pond owner has to decide why they wardrad. Do they want a cattle watering spot? A fighin
hole? A swim pond? A more natural wetland
(e.q., Figs. 91 and 92)? Some uses are inherently
more compatible than others with nature
conservation. Our results have, for example,
highlighted an apparent tendency for pasture
ponds (Fig. 93) to support relatively high
biological diversity. Rather than there being a
direct link between pond diversity and cattle, the
relationship may be more indirect, i.e., the ponds
that support cattle and those that favor native
species may have some shared traits. We put
together Table 9 to facilitate the comparison of
pond traits amongst ponds of different uses.

The characteristics listed across the topg=@f 93. A pasture pond. Notice that while thasgris cropped, the
the table are ones that our results and or the mMargins of the pond are relatively irregular, theseemergent vegeta-

literature have suggested are important for thetlons, shoreline vegetation of varying structurel @nwetland margin.
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ASSOCIATED CHARACTERISTIC
Fertilization on
Marshy Surrounding
Mowed Shallows and |Land and/or
Margins Wetland Septic Tank  [Woods "greenness
Fish Preferred Surroundings |Leakage Nearby allowed"
E Irigation Pond or Watering Hole +/- - + +/- +/- +
i Swim/Ornamental Pond +/- + - +/- +/- -
A |Natural Wetland +/- - + - + +
% Fire Pond +/- - + - + +/-
Q. |Fishing Pond + +/- + - + +/-

Table 9. A characterization of ponds based upoir tises and some associated characteristics thatralevant to nature con-
servation. No doubt this is a simplified classifioa and exceptions can be found in all categori€smeans that the given
pond type tends to have the particular characterjst” means it doesn’t; “+/-” means it can go elter way.

native species of ponds: the presence of fish appgda reduce amphibian diversity when there wés li
shelter, specialist dragonflies seemed to preferavmed pond margins; pond nutrient state was relkated
amphibian diversity (in our results, the effectgevpositive, however the literature has documetiied
negative consequences of high nutrient levels)hyeaoods appeared to benefit vernal pool amphgiand,
while we did not tally algal control per se, themmbighly managed ponds, some of which we knowaigeh
been treated to reduce algae, were not our mosts#iy

Our characterization of each type of pond sureffess from stereotyping, but to a certain deghes t
is our point. An ornamental pond need not have ndowargins, cleaned banks, be located in the mioldde
golf green and be treated for algae. Yet, it isangnt to realize that what might seem aestheyiedpealing
to us (e.g., Figs 94 and 95) may not necessarithéenost suitable for supporting native plants anidals.
Owning a natural pond requires, perhaps, more workneself than it does on one’s pond. Semi-natural
ponds aren’t always easy to appreciate. They caciaggly, noisy, perhaps buggy, places (e.g.968Yy.But
they can also be intimately beautiful in ways mgaedy water bodies cannot be.

As Table 9 suggests, management is not all onimgptPerhaps one really wants a fishing pond, for
example. Ensuring that it has margins that areslgirdput not necessarily entirely, ‘in the roughdaallowing
wet meadow to develop around a seeping outflouilldikely to help diversity. Similarly, a narromowed
strip that lets you peruse your pond without figgtticks or raspberries, might be integrated inligtster-

Fig. 94. This is a pretty, well-kept pond, howethe Fig. 95. Ponds with close-mown margins and little

close cut lawn which surrounds it and the chaneeliz emergent vegetation seemed to be less biodiverserin

waterways entering and leaving it are not ideal fioost sample. Happily, although not visible in this pietucat-

wetland life. tails had been left along one margin of this pond a
vigorous flower garden provided ample nectar fotteu
flies.
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handed bank management (Fig. 97). Locating yaun faond near the woods and not stocking it with fis
can have positive environmental effects even tlestampling and manure might bring some negatives

Because so much of what determines how appealoga looks to us is fashion, we have found it
truly helpful to look at the pictures in publicat®such as the Minnisota DNR akescaping for Water and
Wildlife. Very much a gardening book of sorts, this pultlicadoes a nice job of mixing the human-created
with the natural, and helps one form a new visibwiwat the managed, yet ecologically-valuable sumb
ings of a lake (or pond) can look liRe.

Finally, and importantly, we believe that undemsiiag pond management depends, in part, on un-
derstanding greater context. For example, whikmaliihg septic tank may or may not turn your portd in
pea stew, the nutrients seeping from thousandsatf tanks may have major ecological consequences in
estuaries hundreds of miles away. Furthermore,e®el o try to envision the landscape to which nbst
our native species are adapted, and then ask tawdimpares to our current surroundings. We hawe do
that implicitly in this report. For example, thetmal ideal that we included in Table 9 and elsewhe this
report is a pond more closely resembling a verpal pr beaver pond than an isolated but permanent
woodland pond. The last does exist and can be itapiior biodiversity, however we are living inantl-
scape that is currently perhaps more tolerant afded ponds than it is of beaver meadows or vermalsp
Our management thoughts need to include considerafithe discrepancy between the landscape that ou
resident species “got to know” evolutionarily ahe modern one. If, for example, you are a non-&irm
who has purchased recently grazed land that cangaliarge wet meadow, then you should considertbow
maintain the openness of that meadow. A laissee-&gproach will likely result in thicket and eveait
forest. Originally, such openness was probably taaied in the landscape by the fluctuating watees c
ated by the activities of beaver and natural flaggdiwo factors that have been more heavily coladol
during recent history. Conversely, a small shalpmmd nearly surrounded by woods, might best bavaltb
to develop towards (or to remain) a vernal podieathan being dug out. Vernal pools are disappgari
from our landscape because they seem like littleertttan large puddles. It is because we have sbi-dra
cally altered the structure and dynamics of oud$mape that we must be so conscious in our manageme

Rather than being a direct management tool, we tiogse words are hints and inspiration for pond
connoisseurs. Once you'’re inspired, much can badelsfrom observation and reading. By realizing twvha
your pond does or could harbour, we hope that yowdo appreciate it for what it is: haven for aticia

Fig. 97. The owner of this pond has struck a bedabe-

Fig. 96. Another pond with grazed margins indiogtivhat tween access and ecology—a narrow mowed strip permi
may make such a site especially suitable for wetkragon- ease of access but the shoreline and much of faeert
flies and butterflies. Note the varied heightshef émergent field is cut much less regularly resulting in ampkural
and shoreline vegetation, and the presence of stmébs. structure.
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species, stop-over for the semi-aquatic, microcasthpart of our macrocosm. Go out. Listen. Snifiok.
Wade. Meet your aquatic neighbors.

We end our report by considering the application of our results to pond construction and management.
Perhaps a key first step in managing a human-made pond is considering where to build the pond in the
first place. We estimated that 1/4 to 1/2 of the dug ponds in our study replaced natural wetlands or stream
courses. As such, they may have resulted in a decline in the ecological value of the extant aquatic habitat.
In considering management, we outline the interaction of pond purpose and nature conservation and, we
hope, stimulate those interested in actively managing their ponds to consider how to incorporate ecology
into not only the techniques but also the philosophy of their management.
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Notes
This is still is a work in progress—there are mamyre references that should be read and included. W
hope to better our inclusion of other works as tgoes on.

1. The report summarizing recent wetland trendsks Dahl. 2006Status and Trends of Wetlands in the
Conterminous United States 1998 — 2@ddlished by USGS. It is available on-line at wet-
landsfws.er.usgs.gov/ status_trends/index.htmlpdidication along with G.J. Allord, entitlethe His-
tory of Wetlands in the Conterminous United Statesides a nice summary of wetland history. It is
U.S. Geological Survey Water Supply Paper 2425.dn-line at water.usgs.gov/nwsum/WSP2425
/history.html.

2. Our own report, written by us (C. Vispo and Qalk-Vispo) is entitled he Flora & Fauna of Some
Columbia County Farms: Their Diversity, History akldnagementit was printed by the Farmscape
Ecology Program in 2006 and a digital copy is aldé from us upon request. Based on work in south-
east Minnesota, Melinda Knutson, along with W.Bchirdson, D.M. Reineke, B.R. Gray, J.R. Parme-
lee, and S.E. Weick, published the artiglgricultural Ponds Support Amphibian Populatian2004
in volume 14, pages 669-684 of the journal ‘EcatagiApplications’. In the Northeast, J.P. GibbsKK.
Whiteleather, and F.W. Schueler discussed agri@tind amphibians in their 2005 pafdranges in
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Frog and Toad Populations over 30 Years in New &téke It was published in volume 15 of ‘Ecological
Applications’, pages 1148-1157.

3. G. Winfield Fairchild’s publication iEcologically Based Small Pond Manageméniblished in 2004 by
the Chester County (PA) Water Resources Authdtityan be downloaded at darwin.wcupa.edu/ponds/
summary.html.

4. The use of plants to help remove toxins formeedits and soils is called “phytoremediation”, orebgite
that lists introductory materials is www.mobot.gngross/phytoremediation/.

5. A summary of acid rain’s effects on the Adiroockkeican be found iAcid Rain and the Adirondacks: A
Research Summaby J. Jenkins, K. Roy, C. Driscoll and C. Buerkpttblished by the Adirondack Lakes
Survey Corporation, Ray Brook, NY, in 2005. It isadable on-line at www.adirondacklakessurvey.org/.

6. A key resource of understanding the biodiversftgur area is HudsoniaBiodiversity Assessment Man-
ual for the Hudson River Estuary Corridby Erik Kiviat and Gretchen Stevens publishedG02 by
NYS DEC.

7. For a thorough consideration of our county’sultoous geological history, consdlhe Rise and Fall of
the Taconic Mountains: A Geological History of EastNew Yorkvritten by D.W. Fisher and S.L. Night-
ingale and published in 2006 by Blackdome Press.

8. OK, so this is a blatant plug for our own wdskif heck it’s nice to tie in different parts of améfe works.
A discussion of the relation between water nutseartd neotropical fish abundance/diversity carobed
in chapter 6 oPlants and Vertebrates of the Caura’s Riparian Gaor: Their Biology, Use and Conser-
vation,edited by us and published in 2003 as ‘Scientiai&ze’ volume 12. If you're really interested, let
us know and we’ll send you a copy of the chapter.

9. The 2003 Wisconsin DNR guidance document redetioas their report QT-732 2003, entitl€dnsensus-
based Sediment Quality Guidelines: Recommendafitwriidse and Applicationit was assembled by the
Contaminated Sediment Standing Team and is avait@abline at www.dnr.state.wi.us/org/aw/
rr/technical/cbsqg_interim_final.pdf.

10. See, for example, E. Steinnes and A.J. Friedidvietal contamination of natural surface soils froomd-
range atmospheric transport: Existing and missingwledgelt was published in 2006, volume 14, pages
169-186 of ‘Environmental Review'.

11. A nice short summary of eutrophication and o#spects of lake ecology is available at wa-
terontheweb.org/under/lakeecology/index.html

12. While all the ponds that we studied were peenaéponds and hence not true vernal pools, theges of
some of our ponds had vernal pool aspects. To gtedel more about these pools, we recommend E.A.
Colburn’s 2004Vernal Pools: Natural History and Conservatipaoblished by the McDonald & Wood-
ward Publishing Company of Blacksburg Virginia.Zalbeth Colburn is based at the Harvard Forest and
much of the work has regional relevance.

13. A nice intro to pond gunk and other interestiaguatic phenomena” is thgeld Guide to Aquatic Phe-
nomenagpublished by the Maine DEP, and available on-fiheww.umaine.edu/WaterResearch/ Field-
Guide/Field%20guide.pdf.

14. One of the clearest explanations we found eflitophic State Index was on-line at dipin.kent/esilintm.

15. The most up-to-date identification referenceemonal aquatic and wetland plants is the twainra
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Aquatic and Wetland Plants of Northeastern NortreAoa by G.E. Crow and C.B. Hellquist. It was
published in 2000 by the University of Wisconsie$d and recently came out in paperback.

16. The Invasive Plant Atlas of New England (IPANEgvailable on-line at http://nbii-
nin.ciesin.columbia.edu/ipane/

17. Our favorite butterfly book for the identifieat and ecology of East Coast butterflie8igterflies of the
East Coast: An Observer’s Guitty R. Cech and G. Tudor. It was published in 200®rinceton Uni-
versity Press.

18. The two best regional amphibian and reptileksaoe, in our opinion, M.W. Klemen8mphibians and
Reptiles of Connecticut and Adjacent Regigublished in 1993 by the State Geological andiit
History Survey of Connecticut, bulletin No. 112dahe recently-publishethe Amphibians and Reptiles
of New York Statby J.P. Gibbs, A.R. Breisch, P.K. Ducey, G. Johnsd.. Behler and R.C. Bothner,
published by Oxford and based in part on the NY §Hdlas.

19. A summary of amphibian declines in the “newd/bis available at http://www.natureserve.org/ pub
cations/disappearingjewels.jsp.

20. The United States Frogwatch web page is wwwargffrogwatchUSA/. Canada also has a Frogwatch
program at www.naturecanada.ca/cwn_naturewatchspw.a

21. Aside from the book cited in note 12, the Mptiitan Conservation Alliance of the Wildlife Comga-
tion Society has published a pair of useful managerdocuments outlining the interaction of land use
and vernal pool amphibians, these are, from 2B@bjtat Management Guidelines for Vernal Pool Wild-
life, WCS/MCA Technical Paper No. 6, written by A.J.Kal@un and P. de Maynadier, and, from 2002,
Best Development Practices (BDPs): Conserving Byekding Amphibians in Residential and Com-
mercial Developments in the Northeastern UnitedeSt&/CS/MCA Technical Paper No. 5, by A.J.K.
Calhoun and M.W. Klemens. Also see the paper by&édi al. cited in footnote 2, and the paper by.A.D
Guerry and M.L. Hunter, Jr., entitlédnphibian Distributions in a Landscape of Forestsl &gricul-
ture: an Examination of Landscape Composition andfi@uration published in 2002 in the journal
‘Conservation Biology’, volume 16, pages 745-754.

22. The report which estimates the health effetc&rgollution in the EU is a document of the UNd=
nomic and Social Council entitle@D05 Joint Report of the International CooperatRr@grammes and
the Task Force on the Health Aspects of Air Palytthe document is coded EB.AIR/WG.1/2005/3. It
available on-line at www.unece.org/env/wge /24nmeghtm.

23. More information on the New York State odorstevey is available at http://www.dec.ny.gov/ansna
/31061.html.

24. We found three books particularly useful fantfying dragonflies and damselflies and beginnimng
understand their ecologieA:Field Guide to the Dragonflies and Damselfliedafssachusettisy B. Ni-
kula, J.L. Loose, and M.R. Burne, published withaulate by the Massachusetts Natural Heritage Pro-
gram;The Dragonflies and Damselflies of Oladited by R.C. Glotzhober and D. McShaffrey and-pu
lished in 2002 by the Ohio Biological Survey; amdi lEam’s beautifully illustrate@amselflies of the
Northeastpublished (with a lousy binding) in 2004 by Bioeligity Books.

25. The quotation comes from a web page on dragaeofiservation published by Scottish Natural Hgata
www.snh.org.uk/publications/on-line/naturallyscsiiidragonfly/Conservation.asp

26. A recent scientific paper supports the releeasfchabitat structure for odonates but found tjnazing
decreased favorable structure and so reduced dyweksleast a couple of explanations might begpos
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27.

28.

29.

30.

ble for this seemingly contradictory result: 1) Zjrey may have been more intense at the sites stigie
these authors, 2) (and perhaps most importantjongared grazed ponds to ornamental ponds, where as
the cited paper compared grazed ponds to natuaaleopot holes. It is not difficult to supposettigaazed
ponds are an improvement over mowed ones, whiledhenot as beneficial as natural prairie poolte T
paper in question i©donates as Biological Indicators of Grazing Effeah Canadian Prairie Wetlands

by A.L. Foote and C.L. Rice Hornung published i©2@n the journal ‘Ecological Entomology’, volume
30, pages 273-283.

See for example, the pafgrluating the Impact of Pollution on Plant-Lepidemm Relationshipspub-
lished in 2005 in the journal ‘Environmetrics’, vohe 16, pages 357-373. It was authored by C. Mulder
T. Aldenberg, D. de Zwart, H.J. van Wijnen and ABfeure.

The references referred to here are the sath@se cited in note 2, along with references theféhe re-
lationship between diversity and agriculture is albtove and roses, important negative relatioxiste
especially where agriculture is intensive and pes#iherbicide use widespread. For example, tleel cit
paper by Knutsoet al,, while concluding that farm ponds can be valudabtemphibians, provides some
specific management suggestions for avoiding tlyatmnee farming influences that they observed (nyainl
associated with intensive grazing). Our centrahp that here in the Northeast where most agtioeilis
relatively small-scale and the landscape is rag(silyp)urbanizing, the profound negative effectthat
development need to be adequately recognized mutle iface of those effects, the potential fortheta
synergy between agriculture and nature conservationld not be overlooked.

Aside from his manual (cited in footnote 3) V@nfield Fairchild’s web page
(darwin.wcupa.edu/ponds/management.html) is a go@dtical starting point for pond management in
our area. Cornell lists some additional web sitdsh.dnr.cornell.edu/Pond/ otherre-
sources.htm?otherresourcesdoc.htm~mainFrame. TosoNlaas published a series of books on pond
maintenance and construction. His works incledeth PondsA Sourcebook for Earth PondsndLand-
scaping Earth Pond#Aside from considering the aesthetic and praktispects of pond construction, he
also discusses how to manage them in environmegsi@alind ways.

The full reference for the lakescaping bookakescaping for Wildlife and Water Quality C. L. Hen-
derson, C. J. Dindorf, and F. J. Rozumalski. itasdated, but was published during the last debgde
Minnesota Department of Natural Resources. It apgpeastill be in print, and we found a copy thrbwam
on-line bookstore. It abounds with helpful coloofdgraphs.
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