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About Raritan Headwaters

We are a 501(c)3 neprofit conservation organization, formed by the 2011 merger of Upper
Raritan and South Branch watershed associations (URWA and SBWA), both founded in 1959 to
engage New Jersey residents in safeguarding water and natural ecosystems. As one of the
largest watershed associatiemn New Jersey, Raritan Headwaters protects, preserves and
improves water quality and other natural resources of the Raritan River headsvatgion

Major programs includsurface and groundvater monitoring, ecological research, habitat
restoration, land preservation and stewardship, policy and advocacy as well as extensive public
education and outreach. Through our leagtablishedStrean Monitoringand Well Testing
programs, we have become a trusted source of data on the health of stafatgroundwater.
We work to identifyand addresstressors on water quality including pollutants, land use
practices, and factors associated with @i change. We monitor the effectiveness of various
restoration practices for improving water qualitpéinsuring resilience of these systems into
the future as the impacts of climate change become more pronounced. We preserve land to
protect water quaity including properties we own and managé® (4ildlife preserves
encompassing 450 acres, plus 32 conservation easements protecting 880 acres). Our
stewardship efforts include riparian restoration, invasive plant removal and forest
management. Our work eges community residentnd decisioamakers including more

than 3,200 volunteers and citizen scientists annually, in efforts to protect land, water and
natural habitat in our regionyvww.raritanheadwatersorg
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Executive Summary

T

Over several decadeRaritan Headwaterdssociation (RHAQ nonrprofit

environmental grouphasconducted annual biological, chemical, and habitat

monitoring at sites throughout the North and South Branch Raritan River Region
(WMAS8). Mbnitoring has included collection bfgh quality datausing NJ Department

of Environmental Protection (NJDEP) proto@sighe benthic macroinvertebrate
communities of streams and rivers over several decades allowing for the analysis of
trends in water gality with time and exploration of patterns by watershed region

Benthic macroinvertebrates, including insects, crustaceans, worms, and mollusks, are
used as indicators of water quality because taxa vary in their tolerance of pollution and
the presence bsensitive species such as mayflies, stoneflies and caddisflies (EPT
species) indicates clean, oxygech, cold water. The High Gradient Macroinvertebrate
Index (HGMI) and New Jersey Impairment Score (NJIS) are two indices calculated from
benthic macranvertebrate data used in New Jersey to measure water quaility

ecological health of streams
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macroinvertebrates collected frorh05monitoring sitedor two longterm periods
(19922017 and 2002017, and4 shorter time-periods in between, for the watershed
overall and combinations of major river (North Branch vs. South Branch) and
physiographic provindeegion (Highlands vs. Piedmont) using Spearman Rank
correlation. Inaddition, relationship®f macroinvertebrate metricto local habitat,
chemical, and land usand cover parameters were explored.

A total of 3,6089earmanRank correlation analyses of time willdb macroinvertebrate
community metrics were run using sitevel dataand results were tallied

Most of the sites (83% and 89%, respectively) did not exhibit significant trends in HGMI
during the 2 longterm periods, 1992017 and 2002017. Most (89%) of the sites
included in the recent, shotterm analysis dichot exhibit a trend in HGMI over time.
Macroinvertebrate metrics wereategorized based on whether they a@rglicating
improvements to water quality (positive impact trends) versus trends indicating declines
in water quality (negative impact trendgjhere were slightly more longterm and recent
positive impact trendsor sitesthan negative impact trends.

Two hundred sixtyfive (7%) positive and 14%1%6) negative trends were detected,
(P<0.05)When community parameters were categorized based on whether they are
indicators of improving or declining water quality, 232 treif@%o)indicatedan impact

of improved vater qualitywhereasl78 6%) indicated a decline in water quality

(p<0.05).

Whenall macroinvertebrate metrics were tallied for trends indicating improvements to
water quality (positive impact trends) versus trends indicating declines in water quality
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(negative impact trends), the longterm pattern was different than what was detected in
recent yearg20102017) Longterm, 19% of the sites hatl parameter indicating

declines in water quality while 29% of the sites ¥ddparameter indicating an
improvemert in water quality. Whereas in recent years, 26% of the sitessfiad

indicator of a decline in water quality while 18% Irddindicator of improvements.

There has been a trend of increasipgpportion of impaired sitesvatershedwide since
about 2010. Tis trend is most pronounced in the North Branch, especially in the
Highlands region but also in the Piedmont. The South Branch also demonstrated recent
increases in the amount of impaired sites but in 2017 the number dropped drastically in
both the Highlads and Piedmont.

Over the longterm, there was a pronounced decline in HGMI and NJIS in the North
BranchHighlands and NJIS in the South BraHayhlands. In recent years, the North
BranchHighlands also had a trend of declining HGMI and NJIS andinig¢iGMI in the
South BrancHPiedmont.

Negativewater qualityimpact trends included increases in pollutiwlerant taxa and
nor-insect taxa, and decreases in sensitive EPT taxa.

HGMI was positively correlated with dissolved oxygen, stream depth, nuailstream
depth-velocity regimes, epifaunal substeat% forest cover, % open water and % barren
landin the catchementind negatively correlated with temperatusend embeddedness
NJIS was positively correlated with % open watdhe catchementand stream depth

and negatively correlated with % urban land use.

This study identifies specific sites and regions where preservation of forest and/or
restoration should be targeted. Sites that have shown improvement or have not
changed need mtection. Sites that have declined likely require restoration.

Preliminary analysis shows that both local stream conditions as well as catcieneht
land use are impacting the benthic macroinvertebrate community.

The RHA stream data will be analyzedrfmre specific trends and patterns in benthic
macroinvertebrate community compositiontimate change and severe weather

impacts; and local and landscapeale factors influencing stream health. These analyses
will be presented in subsequent Raritan Headers Working Papers.



Introduction

Ecological function and services provided tosgam ecosystems areeavily altered by human
activities on the landscape (Kratzgtral. 2006; Paul and Meyer 2001; Allan and Johnson 1997).
Human impacts on streams and rivers affects drinking water suplighugh and Richter

2003; Dudley and Stolton 2003 addition to point sources of pollution such as industrial and
wastewater discharges, there are ubiquitous Rawint sources of pollution and stream
alteration that impact stream health and water quality. Human alteratiimnthe landscape
including agicultural and urban land uses and forest loss increase stormwater runoff (Arnold
and Gibbons 1996ylisrupt natural disturbance and flow regimes (Paul and Meyer 2004);
modify channel morphology and substrate (Poff et al. 1997); alter temperature regimes
(Sveeney 1993); alter pollutant inputs including nutrients, sediments, and other pollutants
(Phillips et al. 2002; Meador and Goldstein 2003jdXand Whiles 2004); and affect primary
energy inputs in headwater streaWallace et al. 1999; England and Ruosad 2004).
Identifying natural and human anthropogenic environmental factors that influence biological
communities in streams is an important step in effective watershed management (Wang and
Kanehl 2003).

With enactment of The Clean Water Act (1974, and other environmental regulations
protecting water, we would expect to see mainly improvements in water quality over time.
However, many of the stressors that impact water quality including increases in urban land use
and loss of forest and wetlarmbuld counteracthe positiveimpacts. In addition, whildt is
assumedegulations have greatly helped with point source pollution, many-poimt sources

are difficult to regulate

Benthic Macroinvertebrates ali@vertebrates that occupy lotic or staen and rivers and are
typically he most diverse and abundant organismshiese ecosystemiller and Malmqvist
2004;Voshell2002; McCafferty 198 Eigure 1.) They servenanyimportant roles instream
ecosystemaspredators, herbivores, andetritivores, prey for other species invertebrates

and vertebrates such as fish and salamangansl as recyclers of nutrient@8ecause of their
important role in stream ecosystems they are widely used as biological indicators of water
guality and oveall stream health (Rosenberg and Resh 1993; Barbour et al. 1999
macroinvertebrates (freshwater mussels) have complicated life cycles tied to sgpeifies of
fish. Many benthic macroinvertebrates require low temperatures and high oxygels.|d¥¢
closer to neutral and other chemical parameters below certain tolerance thresholds is
important for many speciesTo avoid being swept away in strong currents, thgseciesoften

live in the interstitial spaces under and around cobbles and bouldedgtaus are sensitive to
deposition of fine and sandy sediments around larger substrate (i.e., embeddediess).
diversity of habitat structure and composition are associated with a diversity of organAsnas.
landuse and land cover both locally, wittstream buffers as well as at larger landscape scales
such as the catchemeit¢vel have an impact on these ecological characteristics. Replacement
of forests with high levels of urban development and agriculture result in higher levels of
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stormwater runoffand pollutants including sediments, nutrients, and pesticides in streams.
Loss of forested bufferand riparian wetlandsesults inthe loss of ecosystem services including
shade, bank stabilization, nutrient filtraticand storage of water during floodall of these
factors impact and shape the benthic macroinvertebrate community.

Benthic Macroinvertebrates

Figure 1Benthic macroinvertebrates, including insects, crustaceans, worms, and mollusks, are
used as indicators of water quality because taxa vary in their tolerancellatipn and the

presence of sensitive species such as mayflies, stoneflies and caddisflies (EPT species) indicates
clean, oxygesrich, cold water. The HGMI ahdIS are two indices calculated from benthic
macroinvertebrate data used in New Jersey to measmater quality Examples of benthic
macroinvertebrate a. Flatworm/Planaria; b. Crane fly larvae; c. Crayfish; d. Case maker

caddisfly ; e. Netspinner Caddisfly; f. Aquatic sow bug; g. Odonate/Dragonfly and Damselflies; h.
Bithyniid snail; i. Midge larea j. Scud; k. Black fly larvae; I. Water Penny; m. Clam; n. Riffle

beetle; 0. Leech; p. Physid snail (note opening should be on the left); q. Helgrammite/Dobsonfly
larvae; r. Planorbid snail; s. Stonefly; t. Aquatic earthworm; u. Mayfly.

Benthicmacroinvertebrate communitiebavelongbeenusedas abiologicalindicator ofstream
healthfor a variety of reasonsutlined inBarbour et al. 1999They are limited in their

movement and thus are wedluited to assessing local, sitevel conditions; theverall

community responds slowly to changes in water quality; they are diverse and abundant serving
important roles in the ecosystem, representing a broad range of trophic levels and pollution
tolerances for which there is ample scientific literature



With the knowledge that stream taxzaryin their physiological requirementndrangeof
tolerance tochemical parameters and physical conditions, several inditester qualityhave
been developed utilizing samples of stream macroinvertebrate communitiesm the sample,
species composition, richness, relative abundance and dominance of pollution tolerant and
sensitivetaxaare used tacalculateindicesof biotic integrity or IBd. Three families of aquatic
macroinvertebrates ar@articularlysensitiveto poor water quality, the Ephemeroptera
(mayflies) Plecoptergstoneflies)and Trichoptergcaddisfliespr EPT taxaTwo indices
developed for New Jersey include the New Jersey Impairment ScoreKNid&édbach 1990;
Poretti et al. 2007 Appendix A which isa statewide metric based on familjevel data, and

the more sensitiveHigh Gradient Macroinvertebrate Index (HGNissup 20G¢ Appendix A
which isa metric developed for the types of streams that occur in northern regions of NJ and is
based on genutevel data.
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Watershed AssociatioBBWA)have been monitoring wiar qualityA y G KS NB3IA 2y Qa
riverssince 1959.The current stream monitoringrogram,which utilizes strict protocols and a

team ofcitizen scientistsrained by RHAcientists conducs annual monitoring at permanent
locationssince 1992 inite South Branch and 1999 in the North Bran€his robust program

allows RHA teanonitor 6370 stream sites throughout théd70 m# (1,217 kn?) Upper Raritan

Region that includes the North and South branches of the Raritan River. Data spanning 25 years
(1992-2017), provide rare opportunities to explore\ariety of questions pertaining to trends

and spatial patterns in water quality indices as well as underlying mechanisms and predictions
given differenttand use and climate change scenarios.

ax

Goals of Tred Analysis of Benthic Macroinvertebrate Community:

The macroinvertebrate community, when studied over long periods of timag; be used to

study shortterm fluctuations due to rare events and provide insights into positive and negative
trendsin water qualityoccurring in streams and riverBhus, measuring this community of
organisms is a summary of many changes that may have occurred in chemistry, laalitat,
landscapescale factors over timéBecause the data are collected using the samsimilar

methods and at the same sites each yetis possible to look faremporaltrendsand regional
patterns, among other thingsLongterm trend analyses allowsuto study changes that occur
slowly, study changes due to multiple stressors, and study response and recovery from rare or
extreme events (Dodds et al. 2012).

By examining changestine macroinvertebrate community indices over time can: (1define
baseline conditions and underlying annual variations and cycletar@t specificsites,
streams, and regionis the watershed where problems exisr more detailed monitoring and
restoratiory (3) identify areas for investigation gfoint and nonpoint causes of water quality or
habitat decline and/or improvement4) identify trends associated with extreme weather



eventssuch as floods and droughtisat occur periodically;5) detect the signature of more
subtle longterm changes such as those due toate changeand ) improve the prediction of
future trends.

The current study will focus on identifying temporal trends in benthic macroinvertebrate
community metrics and geographic patterns in those trends.

Questions for tle currenttrend analyss:

1. Have the macroinvertebrate community indicators of water quality changed over time?
If so, which community indices have changed in the watershed overall and at which
particular sites or geographic areas (streams or regions) of the watershed?

2. Which |ccal or catchementevel conditions are contributing to improvements and
declines in water quality? Which contribute to stable conditions?

3. Based on the findings of this trend analysis, what targets are recommended for
protecting and restoring streatnealth in the Upper Raritan?

Methods

Study area

The drainage basin of the entire Raritan River covers approximately 1,100 square miles, making
it the largest river basin located entirely within the State of New Jeatmyg the midAtlantic

coast of the Wited StatesThestudy area is thé&Jpper Raritan regionwhich includes the North

and South Branch Raritan River Watershed Region (WkbA@)ed in this report i43% of the

entire Basin.The Southand North branches of the Raritan eventually meeBmanchburg at the
confluence with the Lower Raritaand the river flowsinto Raritan Bay on the Atlantic Ocean.

The North and South Branch Raritan Watershed (WMAS8; FR)usethe largest watershed

within the Raritan River Basin aispart ofthe New Jesey Highlands Region. The 470 ile

(1,217 kmd) watershed, which comprises the Raritan Headwaters region, proddeking

water to 300,000watershedresidents of 38 municipalitida Hunterdon, Morris and Somerset
counties and drinking water to more thdn5 million residents that live beyond our watershed,

Ay O K Snore drbhar #8e@si The South Branch of the Raritan River is 51 miles long, from its
source in Budd Lake to its confluence with the North Branch. The North Branch originates as a
springfed stream in Morris County and flows south approximately 23 miles to its confluence

with the South Branch in Branchburg. The watershed holds a rich variety of flora and fauna and
contains some 1,400 miles of stream, including many wild trout producti@asts. Two large
reservoirs, Spruce Run and Round Valley, and a variety of large protected public lands including
Ken Lockwood Gorge, Hacklebarney State Park, and the Black River Wildlife Management Area
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are all within the Raritan Headwaters region. Untlex surface, are the fracturetbck aquifers
of the Newark Basin including mainly the Brunswick aquifer, Lockatong and Stockton
formations, along with some limestone aquifers and buried valley aquifers where glaciers
deposited sand, gravel and clay matdsi These resources are threatened by continued
degradation caused by numerous stressors associated with human activities.
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Figure 2Map of the North and South Branch Watershed Region (WMAS8) depicting major
waterbodies, waterways, roads, and the hands and Piedmont physiographic provinces.
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Water quality conditions and trendsln 2007, South Branch Watershed Association contracted
GAGK | ®{d 9t! YR ¢SIiN} ¢SOKX LyO® dayRar LINRRdzOS
Trend (1994 nnp0 Ay 2FGSNJvdzZfAdGe !'aAy3a al ONRPAYDSNI
included an aalysis of annual macroinvertebrate data collected from 12 sites on the South

Branch Raritan River and Neshanic River for temporal trends and longitudinal patterns of
macroinvertebrate water quality indices. The results showed roughly that temporal trends

were related (positively) to discharge/flows whereas longitudinal patterns were roughly related
(negatively) to differences in the percent of managed land in the catchement associated with

each site. RHA will be exploring all these areas in subsequeatgpapowever, the current

study will focus on identifying temporal trends in benthic macroinvertebrate community

metrics and geographic patterns in those trends.

In addition to the Raritan Headwaters stream monitoring progrlldDEP AMNET data are
cadlected from sites throughout New Jersegcluding the Upper Raritatg assess biological,
habitat and chemical conditions in streanBased on data from NJDEP (unpublished
presentation), the most common causes for a waterway being irattmnment fordesignated
uses under the Clean Water Act , in order of most numbéngliest to lowest number of
impacted areasire pathogens(E.colior Enterococcus)arsenic (mostly from naturally occurring
sources)total phosphorousgdissolvedoxygen, pHunknown(impact on aquatic life)
temperature,mercury, PCBs, and DDT.

Nutrients including nitrate and phosphate concentration at sites monitored by NJDEP and/or
USGS between 1971 and 2011 demonstrate that most siteer did not exhibit a trend or
exhibited a decrease in these chemical parameters (Hickman and Hirsch 2017). This #icludes
locations in WMAS.

Land use; land coverconditions andtrends: Figure3 is a map of 2012 land use and land cover
in the watesshed(NJDEP, Bureau of GI®)and usdand cover and other trends are described
in Table 1There have been great changes in land use in the watershed over the past two
decades, which included an increase in urban/suburban land use replacing farmland and
forestland. Protection of remaining forest and wetlands in this headwater region is critical to
maintaining surface and groundwater quality.
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Figure 3Land use and land cover in the North and South Branch Raritan Watershed Region
(WMAB8) based on NJDEP analysis of 2012 satellite imagery.

13



