[extracted from the Farmscape Ecology Program’s2@fort entitled’he Flora & Fauna of Some Columbia County Farms:
Their Diversity, History and Management]

Introduction

Farming and water interact in numerous ways. Inithged States, there has been a strong emphassent
decades on the effects of agriculture on waterityudlhe reverse is more rarely explored, exceperms of
simple water quantity. Farming can influence wapeality in at least four general ways:

1) by affecting nutrient levels in the water

2) by altering physical conditions (e.g., amount afiseents, temperature, current)
3) by introducing toxins

4) by introducing new organisms (e.g., fecal bacteria)

Our central interest here is not so much in thaitdedf these effects as in their consequencesthier words,
What have these alterations meant for the natieeisp living in our region’s streams? Based oncwur,
limited work at Hawthorne Valley, we conclude tkta¢ results have probably been mixed with someigpec
benefiting and others suffering. A central issweréfore becomes identifying which species are tdtkand
considering the value of their conservation.

Study Methods

Our data set is extremely limited geographicallye Vast majority of data come from Hawthorne Vakaym.
However, on that farm we have conducted a starmaidmulti-faceted sampling regime designed to ratssc
the Farm’s impact on stream water quality.

We chose sampling five points located at streamyemd exit points at Hawthorne Valley. See Figuke
Each of these points was visited during May, Julg &eptember.

At each point, we ran simple water chemistry aredy$emperature, dissolved oxygen, pH, alkalinity,
phosphorus, and nitrate nitrogen). The first faerzasic descriptors of the aquatic environmetk@(adity is a
measure the of water’s ability to buffer acidic gidas). Phosphorus and nitrate are two of the mostmon
forms of nutrient pollution caused by farms. Be@anaturally low levels of these nutrients sometitirag
algal and plant microbial growth in water, theiddgbns can bring about markedly enhanced growtthee
organisms. This process, whereby the ecology ohtamanvironments undergoes a shift towards more
luxuriant growth of some organisms due to fertiii@a, is calledeutrophication While some organisms thrive,
others suffer. Although the increased algae anat flife can enhance oxygen production during thdighat
hours, the respiration of these organisms at raghtof the decomposers at all times can resulétrsimortfalls
of oxygen which threaten fish populations. Wategralstry was evaluated using a Hach portable coktem
with the kind assistance of Leanna O’Grady of tioéubia County Soil and Water Conservation Disfrict

We also measured the growth of colliform bactesag Micrology Lab’s membrane-filtration collifortest
kit. Colliforms are a group of bacteria commonlyal in the mammalian gut. While most are innocuausw
are pathogens, and in any case, their presenakas is an indicator of fecal contamination. Comnooites of
contamination are the entry of cow manure or septik leakage.
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Figure 9.1. Sampling points (dot-in-yellow circleg)Hawthorne Valley. Approximate location of Haathe Valley Barn is shown
by red rectangle. The streams all flow towardstibgtom of the picture.

We also looked at the diversity and abundancerektdifferent groups of animals as a way of assgssater
quality in terms of what can live in it. Such arpegach is calledbiomonitoring While less precise than
chemical measurements, this approach has seve@htades: it does not rely on testing for a paldiGgu
sometimes unknown, chemical; it deteeffectsrather than causes (effects are often more engloriobvious
and, hence, easier to catch); and it generallynt@e public appeal (the fate of fish or frogs gefigigrabs the
attention more readily than fluctuations in obsathremical concentrations). The basic logic involves
identifying an “ideal” biological community, whids a scientific best guess about what would live pristine
stream. The observed community is then compareidstgais ideal in order to assess relative degfee
alteration. Often certain species or groups of iggeire found to be particularly sensitive, andrthleundances
are a key component of the evaluation.

The groups that we assessed were aquatic macrtebvates, salamanders, and fish. “Aquatic
macroinvertebrates” are the insects, small cruatesand other small, backbone-less animals thatriv
streams. “Macro” refers to the fact that we courdely those organisms visible to the naked eye.yM#dn
these are the aquatic larvae of terrestrial inseatsh as dragonflies, mayflies, and black fliee &gsessed
these using a protocol developed by the HudsomBisier Watch, a non-profit organization dedicaizd
assessing the quality of stream and river watetisarHudson Valley. Its approach parallels thatusethe
New York State biomonitoring program. Because ttageShas used this approach in its work, there is a
relatively rich database of historical and geograplata. The field methods involved “kick-trapping’which
a hand-held, specially-designed mesh netting i@ tielvn-stream from one’s feet as one does thedisire
shuffle”, scuffing the stream bottom so as to digl® macroinvertebrates. These samples were rettoribd
lab where a subsample was taken and all organisthenthat subsample were identified to the levietajor
taxonomic group (Order). Samples were not presemed the organisms, many of which were usuallly sti
alive, were returned to the stream. Working witle [samples was more appealing to those who helpeadd
gave us insights into how these organismsive.



Two indices (the “biotic index” and “percent moadiinity”) were calculated from the insect talliene is
based upon the average pollution tolerance ofrttiiduals in a given sample, and the other upen th
similarities, in percent composition, between atualcsample and an ideal, pristine community. Ithlmases,
certain ranges have been deemed to indicate noaetexq, slightly impacted, impacted and severelyaichgd
waters. Of course, the precise cut-off points areesvhat arbitrary. However, taken together, thdirggs from
our numerous samples can give us hints about mergkewater quality.

Salamanders have not been so explicitly used imditoring, but as noted in the preceding chapter,
amphibians in general, perhaps because of theveeja¢rmeability of their skin and their complex
metamorphosis, appear to be particularly sengitivenvironmental conditions. Stream salamanderamre
ecological grouping that includes those salamasgecies which live most of their lives in and abstoéams.
The two species which we found in our area were-limexd Salamander and, more rarely, Dusky Salanrande
In most cases, the gilled larvae were found inth&er, while the mature adults were found on-sinesaby.
We used a simplified version of survey methodshdistaed by the US Geological Survey. We establisted
foot transects along the stream shoreline anddtipgpe rocks that were 3 feet on either side ostiweeline.
We counted the number of rocks we turned over hachttmbers of salamanders found in the processdebr
sampling period at each site, we derived two stesis'salamanders per rock turned in the wated an
“salamanders per rock turned on land”. During thiestis, salamanders were caught and kept in a biacket
avoid double-counting; they were returned to thaibitat at the end of each census. New York State h
completed a “Herp Atlas” describing the distributiof reptile and amphibian species within the State
however, we found no readily comparable data easirsalamande@bundancdrom the regiorr.

Fish do have a relatively long history of beingdisebiomonitoring, stemming from work done by &stist
named Karr in the 1980s. He derived an Index ofdgjical Integrity (IBI) from looking at fish diveity in sites
of known water quality. In our area, the sensiiwf this index is limited due to the relativelyaliversity of
our stream fish community. However, there are ahield studies applying this approach to cold-wdteams
of Vermont, where fish diversity is similar to oue captured fish using a 16-foot bag seine wiiméh
mesh. Whenever possible, fish were counted liverananed to the stream. To facilitate this we tatsed a
small, portable viewing aquarium and assembledatgginaphic guide to the live fish of our streanmee(s
Appendix 7). Such a guide was necessary becausmlibi@ation of fishes differs radically based upamether
they are viewed in or, as is most commonly the ,caiseof the water. It was difficult to standardeféort due
to variation amongst sites in water depth, curspeted, bottom conditions, and amount of in-streahbrid. So,
while we did do some counting, in our final anab/see used only presence or absence of a givenespeci
few specimens were killed and preserved to assopepidentification. Dr. Bob Daniels, New York &ta
ichthyologist, provided key help with identificati8

To provide a broader context, we mapped the cowndg-distributions of each species we capturednguour
own work. These data, many of which go back to kg state-wide work done in the 1930s and 4@sew
helpfully provided to us by Douglas Carlson, Newk 8tate DEC'’s rare-fish specialist.

Below, we will first present our results for eadtltese measures and then consider their overgpllgations.
In most cases, we have only very limited data foaher farms. We will mention what we do have, bit mot
undertake any broad descriptions.

What We Found

Water Chemistry

The graphics (Figures 9.3 and 9.4) below summanizdindings for Hawthorne Valley Farm nitrogen and
phosphate measurements. Appendix 8 provides a eten@albular report of the results.

Nitrogen fertilization of our streams was detecatamlit relatively slight. Nitrogen levels (measuasdhe
amount of nitrogen present in the two most commisesalved nitrogenous compounds — nitrate and @jtrit
ranged from 0.17 to 1.05 parts per million (ppmatidal levels in New York are thought to be lesmth.O



ppm. Nitrate values at or above 1.0 ppm were faumg in July samples when water entering the Fdonga
the Agawamuck was already at .96 ppm and incresteadlily to 1.05 ppm upon exiting the Farm. Askaem
Creek waters had only around .50 ppm when theyeshthe Agawamuck, most of this high level is ptapa
attributable to upstream activities. While nitrogatues in the Farm Creek were low, they incredisad entry
to exit in all three seasonal samples, meaningthigae was consistent nitrogen enrichment as thers/passed
through our fields. Compared to nitrate nitrogesdiags from elsewhere in the Hudson Valley, oudiregs
were low to medium in value (Figure 9.5). A nitraigrogen level above 10 ppm is not permissibldrinking
water; none of our readings ever approached this.

Phosphate levels did not show consistent pattéomg) dhe Agawamuck. They did, however, consistently
increase from the beginning to the end of the F@rgek. Values at the entry ranged from 0 to .09;pfiues
near the end of the Farm Creek (i.e., shortly leefiojoined the Agawamuck) were from .02 to .27 ppm
Background levels of phosphate are estimated andrd5 ppm. Readings in our streams regularly ecked
this with the maximum value being the .27ppm reedroh July at the end of the Farm Creek. In othems,
while the highest nitrate pollution seemed to amted with upstream inputs on the Agawamuckhileest
phosphorus contamination seemed to occur on-fanmhér, it would appear that, relative to accepted
backgrounds, Hawthorne Valley's phosphorus runso# greater problem than that of its nitrogen.ly@wo
nitrate-nitrogen measurements reached or excededubckground of 1.0 ppm; six of our phosphate
measurements reached or exceeded the .05 ppm baoklyr Relative to readings from elsewhere in the
Hudson Valley (Figure 9.5), our phosphorus readimgge mostly low, with one reaching medium levels.

For some downstream perspective, measurements itakety where the Agawamuck flows through The Farm
at Miller’'s Crossing showed nitrate-nitrogen levetsl.44 ppm (higher than any measured at Hawthorne
Valley) and phosphate levels of .21 ppm (near caximum observed values at Hawthorne Valley). Weehav
no idea what if any of this enrichment occurredlmFarm at Miller's Crossing itself; most may wiedive

come from up-stream.

Phosphorus, rather than nitrate, seems the moeafpfetrtilizer of aquatic systems. The growth afea, for
example, is often reported to be limited by avddagihosphorus. Thus, the ecological impact of phosys
enrichment is often more marked than that of ngrggand indeed, algal growth was often apparenaioe
stream bottoms at Hawthorne Valley. From an agucal standpoint, low soil phosphorus in Hawthorne
Valley has prompted farmer efforts to import phaspis. At the same time, we appear to be losing utebke
amounts to run-off. Phosphorus conservation effoitght thus be appropriate for both ecological and
agricultural reasons.

The only consistent pattern in microbial counts Yemgotal, although not necessarily coliform, ke to
increase across the Farm Creek. Surprisingly,ivelgthigh counts were found in the middle Agawainut
Spring; these probably do not come from Hawthora#ley Farm activity, but rather from upstream
contamination and, possibly, septic system leak3geety limits have been derived for total colifobarcteria,
although there is disagreement given the benigmeatf many coliforms. For drinking and swimmingjues
between 2500 to 5000 counts per 100ml for totafaohs are set by the State as upper limits. Fémuo
readings exceeded 2500 counts/100ml. More meandingfasurements come from countigcoli colonies,
because these are the coliform bacteria that nftest cause illness. However, we did not gather gietd on
this group.
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Figure 9.2-.5. Nitrate/Nitrite Nitrogen and Phoafghvalues recorded in the Agawamuck and alsodivotivo figures) other places in
the Hudson River watershed. In the figures on f&ganean values for the three sampling periods (Maly, September) are
connected by solid lines, while the dotted linesvslthe range of values around each mean. In therltwmo figures, we have plotted
our measurements together with those of other Hulsdley waterways for context.



Measurements of pH, temperature, alkalinity, arsgdalved oxygen varied seasonally, but showed fexoab
geographic patterns (see Appendix 8 for individislies). The Farm Creek was roughly 223warmer than
the Agawamuck, but there was no measurable warasnpe water crossed the Farm. The difference vess m
likely due to the warming of the waters in AckemBamr other upstream, open wetlands. Dissolved exyg
levels were generally lowest in mid-summer, althtoug did have an anomalous (erroneous?) readiBdLof
mg/L from the central Agawamuck in September. Nbeletss, values were usually above the 6.0 mg/L
recommended for trout streams. In Autumn, whenttboeed, most values were above the 7.0 mg/L
recommended for trout spawning. Because of dailgtdiations in plant production of oxygen, dissolved
oxygen levels can vary greatly during a 24-hourqeemwe did not attempt to follow daily variatioand so our
conclusions are weak. Alkalinity ranged from 448ppm and was consistently higher in the Agawamuck
Alkalinities above 20 ppm are thought to rendegatns relatively insensitive to acid rain. High &gy,
measured as a water’s ability to buffer acids, asthoften attributed to the presence of carbonabecarbonate
ions. These ions, in turn, are usually derived fionestone. Lakes located on granite, for exantpled of
have low alkalinity and high susceptibility to acain. Columbia County geology includes a smattgah
limestone, and it is likely that this contributesour relatively high alkalinity and near neutr&dg(6.6-7.8).
Our streams are probably adequately buffered aigaond rain. In sum, none of these values indioat@ous
problems.

The aquatic insects and their kith which live ioreek can tell you about the health of those watéosvever,
rather than being a clear good/bad signal, thdteeate more often simply suggestive descriptiespecially
when the waters are only slightly impacted. Accogdio our two different indices based on macroitelmates,
our streams ranged from non-impacted to slightlgaoted. Our general conclusion would be that thetc)
invertebrates were reflecting waters that, as we ladready seen, are somewhat nutrient enrichedhatumay
be without other major problems. A more rigoroug, deographically and temporally limited, assesdrdene
by Kelly Nolan of Hudson Basin River Watch reaclaesimilar conclusion for the waters behind Hawtleorn
Valley School. In general, we found ample examplethe relatively sensitive mayflies, stonefliesda
caddisflies, including especially sensitive fansligithin those groups such as the “roach-like dtmss and
the “giant stoneflies”.

The relationship between stream salamanders aret gadlity has not been as thoroughly studied ats th
between water quality and invertebrates or fiske ¥aist majority of the salamanders which we enayedt
during our stream surveys were Two-lined Salamanddrese are considered to be relatively tolerant,
widespread species, yet their number is thoughetoseful in separating colder, headwater streaons dther
streams which, for natural or human-caused reasmasyarmer, slower moving and/or temporary. Thecges
exists as an aquatic larvae for 2 or 3 years bdfeceming terrestrial, whereas the Dusky Salamaftier
other species which we found) lays eggs on wetrgit@nd develops quickly so that it does not neednpeal
flow. Aside from needing perennial flow, the Twadd Salamander lays its eggs on the undersiddgexdte
in the stream, such as rocks; high siltation migbs reduce available egg-laying sites. In ouraegat least,
the Dusky Salamander seems the rare species. Behisps because it reportedly favours slightlydo
streams, ones that may have been more radicadlisedlby past human action. Hudsonia states th&ukky
Salamander is more sensitive to stream alteragitimpugh it may be that the relative sensitivitrasy
depending upon the specific impacts being consitfere

In any case, our results, showing markedly highenlmers of salamanders along the Agawamuck, would
suggest that at least in terms of water flow arathastructure, this is perhaps closer to a nahheadwater
stream. The occasional presence of Dusky Salamsatterg both the Farm Creek and the Agawamuck is
taken as a positive sign. However, to build perspecthe exploration of other sites around the i@gpus
needed.



Fish

The results of our fish work are perhaps best wstded by highlighting what the presence of eacltisge
implies about aquatic habitat quality. Quite adbtvork has been done to design aquatic healtltesdoased
upon fish; as a result, the relative sensitivitgath species has been determined. Table 9.1Hestpecies we
have found and summarizes their sensitivities bapet published studies. The photographic guide in
Appendix 7 illustrates most of these species, alwitiy maps of their known distribution in the Cowit

Table 9.1. Classification of the fish caught durg preliminary surveys. In parentheses we gieditbrature-derived judgments of
the sensitivity of each species to habitat altéonat “Tol.” = tolerant; “semi-Sens”= semi sensitjVSens.” = sensitive.

Order: Cypriniformes

Family: Cyprinidae
Golden Shiner Notemigonus crysoleucysol.)
Common Shiner Notropis cornutugsemi-Sens.)
Spottail Shiner N. hudsoniugsemi-Sens.)
Fathead Minnow Pimephales promelgsiroduced; Tol.)
Bluntnose Minnow -P. notatugTol.)
Eastern Blacknose DacdRhinichthys atratulugrol.)
Longnose Dace R. cataractadsemi-Sens.)
Creek Chub Semotilus atromaculatygol.)
Fallfish —Semotilus corporaligSens.)

Family: Catostomidae
Longnose Sucker €atostomus catostomysmi-Sens.)

White Sucker -€. commerson(Tol.)

Order: Salmoniformes
Family: Salmonidae
Brook Trout —Salvelinus fontinaligSens.)

Brown Trout —Salmo truttIntroduced; Sens.)

Order: Perciformes
Family: Centrarchidae
Pumpkinseed tepomis gibbosu@ol.)
Bluegill —L. macrochiruginroduced; Tol.)
Largemouth Bass Micropterus salmoidegntroduced; Tol.)
Family: Percidae

Tessellated Darter Etheostoma olmstediol.)



Order: Scorpaeniformes
Family: Cottidae
Slimy Sculpin —Cottus cognatuésens.)

It would, of course, be exciting to follow the lusg of these species over the past, say, 300 yidakgever, in
most cases we do not have the historical datartaipthis. The earliest European accounts are agjeereral,
and certain determination of the species refewad often difficult. Works of the #®century, with some
exception, focus on identification and give onlgudimentary idea of distribution and abundancéadth cases,
the lion’s share of the information is about proemnfood fish; relatively little pertains to minnewvand the
like. The New York State biological surveys of t#30s and 40s were the first attempt within theéeSta
systematically describe the distributions of theermbscure” stream fish. Additional sampling haswred
since then, although not in the systematic fasbfahose early survey$.

The county-wide distribution maps of these spesiggest four general groupings of our stream fish:
Ubiquitous Species those basically found throughout the Couhtywland Species those found most
commonly in the western, Hudson-Valley half of @eunty and in the Harlem Valleypland Species those
found most commonly in the hillier, eastern portairthe County; anéoothill Species- those found where the
larger valleys abut the hills, but not extendingnip those hills. These are subjective, short-hand
categorizations of the fish distributions; theya#se occurrence patterns in the County, rather tha
widespread, ecological generalities. Examples effdlur distribution patterns are illustrated in g 9.6.

In terms of judging the ecological effects of agliare in the County, we can only speculate. Thamon
lowland and ubiquitous species would, by implicatiappear to have a relatively high toleranceler t
agriculture which has influenced much of largetesabottoms for the past three centuries. Uplaretigs may
be the ubiquitous species that were not toleraagatulture and/or species which require the hedew
environmental conditions found in the higher hillbe Foothill species could, likewise, be sensitoxeland
species which now only survive on the less-heavidyked margins of those lowlands or species whécfuire
environmental conditions specific to the “footHill3 o explore this in more detail, we summarized ou
classification in Table 9.2, and then considereoliphed information on the individual ecologieseaich
species.

Table 9.2. Species captured during our surveygodized according to their distribution patternge&es in green, bold type have
been categorized as “sensitive” in the literatspEcies in green, regular type have been classiié¢demi-sensitive”, while those in
standard black type were described as “tolerant”.

Ubiquitous Lowland Upland Foothill
Common Shiner Bluegill Brook Trout Bluntnose Minnow
Creek Chub Fallfish Brown Trout Fathead Minnow
Eastern Blacknose Dace Golden Shiner Slimy Sculpin Longnose Dace
White Sucker Largemouth Bass Longnose Sucker

Pumpkinseed
Spottail Shiner
Tessellated Darter

The Upland Species are all sensitive coldwatessagriculture or other developments have no deifietcted
them where the canopy has been opened, flow slasileatjon increased or water quality impaired ome
other way. However, they may never have been eshecommon in the larger, warmer river valleys.

In contrast, at least two of the “Foothill Speciéie Longnose Dace and Longnose Sucker) may loaweefly
been more widespread. These species are repoftediyf slower, warmer waters, and yet are seresttv



deteriorations in these larger streams and rividrsir peripheral distribution may illustrate théicts of
populations that were formerly more widely distitidoai across the lowlands. Bluntnose and

Fathead Minnows, on the other hand, seem to baéyhgaecies, and their apparent “Foothills” disttibos may
be related to effects other than exclusion frongérgstreams.

As we have already discussed, “Ubiquitous” and “laowd” species would appear to be relatively little
impacted by agriculture.

There are at least five species of stream fish kvive have not yet caught in our surveys, but wbitkers have
caught in the County and whose regional statusggests they are suffering due to declining streaality:
Eastern Silvery Minnow, Creek Chubsucker, Northeéag Sucker, Bridle Shiner and Satinfin Shiner. Bhase
generally species of the larger, warmer, and sloxabey streams. They have been reported to beniteglin
New York and/or adjacent areas, often due to &itiadr water pollutior?

Several of the species discussed above have aplgatealined due to reduction in stream quality.lédst
some of this deterioration may have been due tbgrabkcurrent agricultural impacts. Increasedtsilte as can
be caused by soil erosion, probably has reducetabgats available to some of these species.drissti
contamination and nutrient run-off may have alsd ingpacts. The opening of stream banks and the
straightening and clearing of stream channels hasably also reduced habitat quality. Housing and
commercial development along streams has probataysbme of the same effects, with the additiorirebsn
and river damming for private ponds or power prdiduc The 1930s DEC fish surveys make frequent ment
of the impacts of raw sewage contamination of stiieand of toxic industrial effluent. Runoff fromaways
and acid rain may have also reduced water quétitynost cases, it may not be possible to isolaartipacts
of these various effects. However, at the same, tineapparent that there is reason to encouaageactivity
which reduces contamination of streams. On farm)aps the single most important management action
would be to allow the revegetation of stream battks,can not only restore in-stream habitat coxipi€as
streams are allowed to wander somewhat and assdetmumulates) but also such buffers can helpcepethe
run-off of soil, nutrients and agrochemicals befibrey reach the strearlfs.

Summary of Hawthorne Valley Conditians

Our stream waters show definite evidence of agucal influence. At least during some times of ye¢lae main
branch of the Agawamuck enters farm property wilulastantial nutrient load. It does not improvemyiits
travel through our property. However, because efabundant forest cover and clear waters, aquahiitat
generally seems fairly good along this stretch. Faem Creek showed more distinct impacts, perhapause
it travels partially through open fields and be@we assessed it right where it left the core efffarm.
Nutrients, especially phosphate, and bacteria sterdly increased across Hawthorne Valley propedyatic
invertebrate counts, low salamander levels, andaedi fish diversity suggest there may have beemafau
consequences. While none of the measured nutnieantaoobial levels is extreme, the measurements are
elevated. The relatively high phosphate run-off ldauggest that manure is being deposited diréatty
streams or is leaking in from above-ground sour@@sce in the soil, phosphate leakage is normétipts and
so compost that has been incorporated into fisldmlikely to be a major source).




Figure 9.6. The distribution of fish in the Couligsed upon DEC-supplied historic data and illustgadur four distribution
categories. Background colors are elevation, thedb land is to the west along the Hudson. Stippleds are Agricultural Districts.
Yellow dot-in-circles indicate sampling sites whéhne given species was found; smaller, white detiioles show sampling sites
where the fish was not caught. The Thruway and fiiacBtate Parkway are shown with red lines.



Management Ideas

Again, recommendations would focus on revegetairgam borders where possible and restrictingthess
of cattle to streams (mainly because the more @vailaccess there is, the more likely a cow wilédate in a
stream). This restoration work has already begnd,camajor portion of the exposed Farm Creek esaaly into
its first year of regrowth. Any farming techniquet reduces input of nutrients and agrochemicaldavalso
be beneficial.

Both locally and at the County level, piecemeabef can go only so far. For example, improvement i
Agawamuck water quality will depend, at least imtpan efforts made by farmers and other landowners
upstream and downstream of Hawthorne Valley.

Footnotes

1- There are numerous publications consideringl#tails of the interaction between farming and watelity.
A general overview is available in the National Aemy of Science’s book (1998pil and Water Quality: An
Agenda for Agriculturdy the Committee on Long-Range Soil and Water Qmasien Policy, National
Research Council. This publication is availabledotline viewing at (http://www.nap.edu/books/
0309049334/html/). The best source for more speeidiregional information appears to come from USGS
National Water Quality Assessment Program. Theouarreports available for the Hudson River watetstan
be downloaded at http://ny.water.usgs.gov/htmi&/pawqgaweb/report.html.

2- A good survey of the issue in relation to nigogand phosphorus enrichment in the United Stateve had
in Carpenter et al’'s 1998 paper entitled “Nonpgioiiution of surface waters with phosphorus andogen” in
Ecological Application8: 559-568.

3- There are two main sources for information onadig macroinvertebrate biomonitoring in New Yodae is
New York State DEC’s Stream Biomonitoring Unit (hitwww.dec.state.ny.us/website /dow/bwam/sbu.html)
they have published numerous regional reports, tapees of which are available upon request. Theras
Hudson Basin River Watch, a network of volunteeln®are using macroinvertebrate biomonitoring tduata
Hudson River conditions. Their guidance documeavigles detailed instructions on field and analysis
techniques and is available at www.hudsonbasintéBRWGDO04.pdf.

4- Analyses are described in tHadson Basin River Watch Guidance DocunignBehar and Cheo (2004),
available at the website cited above.

5- The most regionally relevant (from Pennsylvaitémpt to do this appears to be the SPAR program
(Stream Plethodontid Assemblage Response); therépart (2004) by Rocco et al. is entitled “Stream
plethodontid assemblage response (SPAR) indexia@went, application, and verification in the MAHA
was published by the Penn State Cooperative Wetl@editer and can be downloaded at
http://www.geog.psu.edu/ wetlands/people/grad_stisdgian_exsum.html. The Ohio EPA undertook an
integrated biomonitoring approach somewhat simidasur own and including salamanders. Their manual
(2002) is entitledrield Evaluation Manual for Ohio’s Primary Headwatdabitat Streamsalong with results
summaries, it is available at http://www.epa.stdteis/dsw/wqgs/headwaters/ #Project%20Reports. BB3)
transect approach, which was introduced and exgidio us by Robin Jung, is described in Campbell'et
(2005) “Stream salamander species richness andlabae in relation to environmental factors in Sineloah
National Park, Virginia” irAmerican Midland Naturalist53: 348—356.

6- One of Karr's seminal papers was (1981). “Assesg of biotic integrity using fish communitiesisheries
6: 21-27. The paper referred to from Vermont isé&bhangdon’s (2001) “A rreliminary idex of biolagil
integrity for fish assemblages of small coldwateeams in Vermont” ilfNortheastern Naturalisg: 819-232.
Bob Daniels has done something similar for Mid-Atla States, Daniels et al. (2002) “An index oflbgcal



integrity for northern Mid-Atlantic slope drainages Transactions of the American Fisheries Society
131:1044-1060.

7- Reference values from elsewhere in the Hudsdie\Waere gathered from the USGS'’s on-line watdada
repository (http://nwis.waterdata.usgs.gov/usa/fywigata).

8- Our basic natural history references were Hetsd’s book (2001Amphibians and Reptiles of Pennsylvania
and the Northeasind Degraaf and Rudis’s (1988¢w England Wildlife: Habitat, Natural History and
Distribution (op cit.). The Hudsonia document alluded to isrtBediversity Assessment Manyap cit.).

9- Aside from the works already mentioned in endr@bf this section, we also consulted Frank McGckis
(2001) “Development of an index of biotic integrftyr the Mid-Atlantic highlands regionTransactions of the
American Fisheries Society30:857-877, 2001; and the Maryland DNR publica{R000) by Roth et al.
entitled “Refinement and validation of a fish indebbiotic integrity for Maryland streams” and ahadile at
www.dnr.state.md.us/streams/pubs/ea00-2_fibi.pdf.

10- The work from the 1930s and ‘40s that is ref@o is that of the New York State Biological SeyvThe
two geographically-relevant reports @diological Survey of the Mowhawk—Hudson Waterghi885) andA
Biological Survey of the Lower Hudson Waters(iE2B7). Aside from fish, these reports also disedswvater
chemistry and macroinvertebrates.

11- The two works used for understanding regioisal €cology were the book (198B)e Inland Fishes of
New York Statby C. Lavett Smith and the website “An Annotatedr®¥ng List of the Inland Fishes of
Massachusetts”’by Hartel et al. (1996) which caribeed at http://collections.oeb.harvard.edu/Fish/
ma_fish/ma_fam.htm. These authors have also p@digihe booknland Fishes of Massachusettsit we have
not had a chance to read it. We also consultetli#ttere Serve website (http://www. natureserve.cqg@er/)
for additional information.

12- A good review of water-affecting factors in tHadson River watershed is “Water quality in thedsion
River Basin, New York and adjacent states,1992-95GS Cirucular 1165 by Wall et al. (1998), avdiadt
http://ny.water.usgs.gov/htmls/pub/nawqaweb/reporil.



Appendix 8. Table of aquatic results from Hawthoviadley stream



