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Introduction

The New Jersey Department of Environmental Protection has a need for development of aga
indicators of stream and river eutrophication. These indicators will be used to assess relationships
between extant water qudity criteria (e.g., phosphorus and nitrogen concentrations) and overt signs of
eutrophication. They will be gpplied in aregulatory context as secondary criteria for identifying nutrient
impairment. These indicators should be based on an understanding of agd dynamicsin New Jersey
streams, and be able to distinguish between Situations where nutrient concentrations are high due to
natural environmental conditions and those that result from anthropogenic influences. Protocols are
needed that describe procedures for sample collection and processing, analysis and presentation of
data, and interpretation of results.

Thissudy was initiated in July 2000, and is currently in the fifteenth month of the fifth yeer.
Years 1 and 2 of this project were limited to development of dgae indicators in the Pledmont
physiographic province in New Jersey. During the third year the study was expanded to include Stesin
the Highlands and the Ridge and Valey physographic provinces. Data from stes studied during al three
years were used to successfully develop and test indicator metrics for the northern part of the State
(Ponader et d., submitted). The fourth year of the study extended the development of indicators to the
Inner Coastd Plain. Data from sites studied during year four were used to develop and test additiona
indicator metrics (Ponader and Charles, 2004). During the current study yeer (fifth year), sampleswere
taken in the Outer Coagtal Plain to provide additional data that will alow development of adiatom index
to be used in the Coastd Plain physiographic province of southern New Jersey.

General approach

The fourth and fifth years of the study extended the development of indicators to the Coastal
Pain physiographic province, usng the same generd approach and specific methods as used in the first
three years (Charles et d., 2000). Most specific procedures and quality assurance and quality control
measures are described in the project QA/QC plan (PCER, 2000). Nevertheless, because of the
different geomorphology of the riversin the NJ Coastdl Plains (sand and clay river bottoms), significant
changes and adjustments in the sampling design and the methods for collection of dga samples were
necessary during year 4, using diatometers as artificial substrates (Ponader et d., 2003). During the
current study year (fifth year), the Outer Coagtal Plain physiographic province was sampled with
diatometers using the same protocols as last year. In addition, we sampled epipsammic (sand) and
epipelic (dlt) subgrata, in order to explore differences in diatom assemblages and algd biomass
collected from different subgtrates (e.g., artificia subsirates (diatometers) versus natura substrates
(sand/silt)). Therefore, development of a new sampling method and protocol for collection of sand and
st subgtrate was necessary for study year 5 (Ponader and Winter, 2004).

The main goas during year 5 are to a) prepare protocols and taxonomic documentation, b) to
develop periphyton assessment indicators and methods as nutrient management tools for the Outer
Coagtd Plain, and c) to test existing models on individua Sites to develop site specific criteria. To
achieve god @) we will prepare amethods manud for use by NJ DEP saff that describes dl field and
laboratory procedures. It will be based largely on our existing NJ protocols, as well as on NAWQA
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protocols. In addition, we will prepare a diatom flora and additiona taxonomic and ecologica datato
help facilitate andysis of diatom assemblages. The NIDEP will receive five hardcopies of the document
aswell astwo eectronic copies on compact discs. Specific tasksto achieve b) gods areto collect dgd
and water samples, to acquire additiona chemistry and other habitat data from the NJ DEP, to analyze
the algd and water samples, to examine relationships between dga assemblages and water quaity and
physical parameter data to be collected by DEP, and to develop dga metrics that indicate impairment
due to high nutrient concentrations. Because al work in the new ecoregion will be donein one year, we
do not plan to test metrics with a second year of data, and will do limited analysis of multiple, within-site
samples (10 percent of the sites). Work tasks for god ¢) are to test the diatom indices on areach
above, below and at the discharge of two sdlected sewage treatment plants, that are part of New
Jersey’ s current Phosphorus Evaluation studies. ANSP staff collected diatom samples and water
chemigtry parameters (in particular TP and TN, as well as other variables). We will evauate how well
the models and metrics performed on a Site-by-site basis, and report on how the results can be used to
help develop ste specific criteria. Thistask will require close cooperation and discussion with DEP staff.
Toward the end of the fifth year, we will prepare afind report that will summarize dl study results.

Review of Year 5 Activities

Selection of study sites

a) preselection of sites

We worked with NJ DEP gtaff, manly Tom Beton, to carefully sdlect a set of study Sites.
During study yeer five, three different types of sites were sampled; these are: diatometer sites (Outer
Coagtd Plain), re-sampling Stes, e.g. Stes sampled for the fifth consecutive year (Piedmont) and
sewage treatment plant sites (Highlands and Vdley & Ridge).

We used severd criteriato select the Outer Coastal Plain Sites. Because a goa was to develop
indicators of anthropogenic nutrient increases, it was important to sdlect a suite of Steswith rdatively
gmilar naturd environmental conditions, but with awide range of nutrient concentrations. The Stes
were restricted to the Outer Coastd Plain physiographic province in southern New Jersey and have a
limited range of hydrology, morphology and subdtrate type. We generally used the same sdlection
criteriaasin the previous years (Ponader and Charles 2001). Asduring project year four, we avoided
gtesin thetida zone of the Delaware basin because taxonomic composition could potentialy be
influenced by higher sdinity and by trangport of dgad specimens from up-/downstream loceation, and
varidgion in water chemigiry through tida movement. We tried to sdlect stes with arange from no-
impairment to severe impairment, based on the AMNET classifications of 1992/93 and 1998/99. For
al gtes, chemidry data are available either from the NJ monitoring network program (SW stes, SS
gations, or EWQ dations) or from USGS monitoring stations that have a gaging station at the Ste or at
least up/downstream from the Ste. All Sites are part of the NJ Ambient Monitoring Network. In the
Outer Coagtd Plain, the NJ monitoring network program only sampled few sites (SW dites, SS gations,
or EWQ dations) for water chemistry in 2004. Therefore our pre-sdlection of steswas limited to 12
SW/SS and 7 EWQ dtations that met our sdlection criteria (see Appendix 1).
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In addition to the Sites pre-salected in the Outer Coastal Plain, we decided to re-sample 3
stations that were sampled in 2000, 2001, 2002 and 2003 in the Piedmont province, to have afive year
record we could use to compare variahility at individua stes among years.

The sites sdlected for testing of the developed trophic diatom index at sewage trestment plants
(STP ) were based on existing stations as established by the Phosphorus Evauation Study QA work
plans for the Musconetcong Sewerage Authority (February, 2004) and the Warren County Municipal
Utilities Authority (April, 2004). At each river, samples were taken at three sampling points located at
circa 1 mile upstream of the STP, directly downstream of the STP, and circa 1-5 miles downstream of
the STP (see ligt of Stes sampled in Appendix 1). When an established AMNET dation was available
up- or downstream of the established gtation, the AMNET station was sampled. This will make
comparison between Macroinvertebrate and diatom ratings possible.

b) field reconnaissance

For severa reasons, we had to regject 10 diatometer candidate sites based on field
reconnaissance. Thefirg reason for rgecting Sites was the low pH of therivers. Three sites (AN0153,
ANO0156 and AN0550) from different rivers (S. Br. Rancocas, S. Br. Burrs Mill Brook and Long
Branch) were rejected because the pH was below 5 (3.8-4.4) The second reason was river depth. The
rivers a two sites (AN0732, ANO751) were rather deep (chest-deep and above) and non wadeable.
The depth was due to the geomorphology typica of many riversin the Outer Coastd Plain (channd-
like), combined with the high rainfdl during the summer of 2004, resulting in generdly higher weter levels
in the sampling area. Other reasons for regjecting candidate sites were inaccessibility, such as Stes
located at Army Bases (AN0617, ANO119A), riverstoo smal in width (AN0593, AN0624), or the
potentia for vandaism of diatometers (active pastures with livestock, site AN0699).

Collection of samples

Algae samples were collected by D. Winter, E. Hagan and K. Ponader in late summer, from
August 19" through September 16", 2004, when the influence of water quality on aga assemblage
compostion is usudly grestest. Water chemistry of samples collected during thistime is dso most
directly comparable with sample data from other sudies.

Diatometers were deployed from August 19" through September 24™, 2004 and were exposed
for aperiod of between 21 to 24 days. They were removed in consecutive order from September 13
through 15. All diatometers were collected before Hurricane Ivan, which partly affected the sampling
area during September 18, 2004. All algae samples were collected usng techniques consstent with
those used in the USGS NAWQA program (Moulton et a. 2002) and as documented in PCER
protocols (Charles et a., 2000 and Ponader et d., 2003). Water chemistry was measured twice in the
field: once a the time of diatometer deployment and another time when the diatometers were removed.
Conductivity, pH and temperature were measured using an OKATON deluxe pH/conductivity meter.
Samples were taken for |aboratory andlysis of soluble reactive phosphorus, total phosphorus, nitrate,
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ammonia, total nitrogen, chloride, total dkainity, total hardness and conductivity (Velinsky, 2000).
Results of these andyses will supplement those collected by the NJ DEP. They may better represent
conditions near the time that agae samples were collected, and will provide information of the nature
and magnitude of variation in water chemidry. At each site, two reaches were established with 1
diatometer each (2 diatometers/site) for analysis of diatom species composition and aga biomass. In
addition to the diatometer samples, surface sediment samples (sand/silt) were taken at each reach for
andysis of diatoms and biomass.

The three re-sampling stes in the Piedmont were sampled for the fourth consecutive year on
August 25, 2004. Natural rock substrates were sampled for andysis of diatom species composition and
agd biomass. Samples were collected using techniques described in PCER protocols (Charles et d.,
2000).

Two Academy of Natural Sciences (ANS) fidld staff spent one day visiting six wadeable Sites
on the Pequest River and the Musconetcong River, NJ. Sampling was done at selected stations, as
established by the Phosphorus Evauation Study QA work plans for the Musconetcong Sewerage
Authority (February, 2004) and the Warren County Municipa Utilities Authority (April, 2004). Distoms
were sampled from rock substrates and water chemistry samples (TP and TN) were collected. In totdl,
6 STP samples were taken, 3 from the Musconetcong River and 3 from the Pequest River (see
Appendix 2).

A totd of eighteen Sites were sampled. Nine were diatometer sites located in the Outer Coastal
Plain, using 2 diatometers per ste (total = 18 diatometers). Three were re-sampling Sitesin the
Piedmont, sampled for the fourth consecutive year. Six Stes were sampled at two selected sewage
sreatment plants on the Musconetcong (Highlands) and the Pequest (Ridge and Valley) Rivers, to test
existing diatom indices (Ponader et d., submitted).

Status of sample preparation and analysis and status of data login

A total of 44 distom samples and 39 biomass samples were prepared for analyss. Diatoms
were permanently mounted on microscope dides. Per dide, 600 vaves were identified to lowest
taxonomic level and counted. Analysis of al 44 dides was completed in March 2005. Algd biomass for
al 39 samples was andyzed using standard protocols (Velinsky and DeAlteris, 2000; Kiry et d.,
1999). Twenty-seven water chemidiry samples were analyzed for specific conductivity, chloride, total
akainity, total hardness and conductivity. Nutrients (soluble reactive phosphorus, total phosphorus,
nitrate, ammonia, total nitrogen) were measured for al 27 samplesin the Patrick Center’s Geochemistry
Section using a Technicon Auto Andyzer (Veinsky, 2000).

All field data has been entered in the ANSP database, including substrate informetion, field
measurements and photographs that were taken during fieldwork.
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Data analysis

Data analysswill be performed using two different datasets. @) the Outer Coastal Plain dataset
and b) the combined Inner- and Outer Coastal Plain dataset. We expect that the modeds and indices will
show better performance when devel oped using the combined dataset, due to higher sample size
(Ponader and Charles, 2004)

Data andlyss and development of indicators will proceed in severa steps. They will be
congstent with the andysis of the first four years work on samples from northern NJ (Piedmont, Valey
& Ridge and Highlands) and from the Inner Coastd Plain. Thefirst step will be to explore the variation
in dgd assamblages among the Stes and to determine which chemica and other environmentd factors
explain mogt of the variation among the assemblages. Second, we will quantify ecological characterigtics
of the dga taxa whaose digtributions corrdate most closely with, and are most informative about, nutrient
concentrations. The next step will be to use these ecologica data on individual taxato develop metrics
that will distinguish the sites influenced by high anthropogenic nutrient inputs from those with natura
levels, and various states in-between. In addition we will quantify relationships between nutrients and
concentrations of chlorophyll a.

Schedule

The project started within 30 days of contract approva (April 1, 2004). The Qudity Assurance
Plan (QAP) developed for year 1 of the project has not been modified, but two new sampling protocols
were added for the use of artificial substrate aswell asfor sampling of epipsammic/epipdlic subgtrates
(Ponader et a. 2003, Ponader & Winter 2004). Therefore the origind QA plan used for year 1 through
4 of this project is il in effect, with additiond protocols used in the Coastd Plain. Sampling was
performed during the period from August 19" through September 16", 2004. Andlysis of diatoms was
performed during winter 2004 and spring 2005. During summer 2005, chemistry and habitat data will
be acquired from the NJ DEP. Data analysis and development and testing of indicators, will be done
during late summer/fal of 2005. The Year 4 Find Report will be submitted in fall 2005 as a peer
reviewed paper. Also, from winter 2004 trough summer of 2005 we will work on preparing protocols
and taxonomic documentation for ddlivery at the end of the project year (fall 2005).

Status of progress in achieving the project goals (see under “general approach” p.1)

The main goas during year 5 are to a) prepare protocols and taxonomic documentation, b) to
develop periphyton assessment indicators and methods as nutrient management tools for the Outer
Coagtd Plain, and c) to test existing modds on individua Stesto develop Ste specific criteria.

The following ligts our gatus in achieving these gods:

a) Progress was made towards providing protocols and taxonomic documentation. All exigting field
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protocols were compiled into one document and are currently being edited for release. All diatom
pictures available were prepared to be arranged in plates (e.g. cropped and color adjusted). A diatom
florawill be produced using these pictures during fal 2005.

b) We findized the case study to test existing diatom modes and metrics on sewage trestment plants
and to develop site-specific criteria. We tested the diatom indices on areach above, below and at the
discharge of two selected sewage trestment plants that are part of New Jersey’ s current Phosphorus
Evauation studies. We evauated model and metric performances on a Site-by-site basis, and reported
on how the results can be used to help develop site specific criteria. The study was presented by T.
Bdton at the TMDL Specidity Conference, arranged by the Water Environment Federation (WEF) and
Pennsylvania Water Environment Association June 26-29, Philadephia, Pennsylvania. All results are
summarized in a manuscript published in the Proceedings of the TMDL Speciaity Conference (Belton et
al. 2005, see Appendix).

c) All dgae data, water samples and field data were collected and databased. Data analysis and afina
report in the form of amanuscript submitted to a peer-reviewed journa will be produced during the fdll.
Thefinal paper will contain the following content: Development of diatom indicators and metricsin the
Coadta Plain (Inner and Outer Coadtd Plain, e.g. year 4 and 5). This paper iswill complement an
existing manuscript that focuses on the project results for the Northern Part of the State (Ponader et dl.,
in review). We are planning to submit it to the Journd “ Freshwater Biology”.

This new manuscript will focus on three different subjects: Firs, it will describe the models and metrics
developed for the NJ Coastdl Plain, and the problems and chalenges posed by the different ecoregions,
eg. subgtrates. We will compare the results with those obtained for the northern part of the State.
Second, we will analyze differences between diatometer and natura substrate samples for both biomass
and diatom species composition. We will provide recommendations as to which sampling method
provides better results for model development, and how these models should be used and interpreted
by the State. Third, if it does not exceed the Sze of the paper, we will include a synthesis on the project
as awhole, summarizing the results of dl 5 project years. We will draft a detailed outline for gpprovd

by TJB after first results of the upcoming andyses are available. The draft manuscript will be sent out to
Tom Belton on 31 September ' 05. All authors will review the draft carefully, and they will then discuss
and agree on the final content of the paper.
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Deliverables

Timing of submisson of deliverables is expressed as months after effective contract date (April
1, 2004). Updated Y ear 5 deliverables (as agreed upon by Tom Belton per e-mail on 8/13/2004) are
shown in the table below. Their submisson extends into the sixth caendar year of the project. During a
phone conversation with Karin Ponader on 14 July, Tom Beton agreed that the submission deadline for
the find deliverable will be pushed back by one month (find deliverable now due on 31 October,

2005).
Due date Deliverable Status
5 months: 9-1-04 | Revised QA Project Plan delivered
6 months; 10-1-04 | Year 5- 1% Quarterly report delivered
9 months: 1-1-05 | Year 5 - 2"Quarterly report delivered
12 months: 4-1-05 | Year 5 - 3" Quarterly report delivered
15 month: 7-1-05 | Draft Final Report delivered
18 month; 10-31-05 | Fina Report
Tasks left to do (vear 5)
Tasks Planned time frame Person in charge Status
from to

1. Data login 1-Oct-04 | 28-Feb-05 | Ponader/ Support staff Done
2. Labor?tory analysis/ 1-0ct-04 31-3a 05 Suppqrt saff/ I_DCER Geo- | pone
preparations Chemigtry section
3. Diatom sample 1-Dec-04 | 28-Feb-05 | Ponader Dore
analysis
4. Preparing protocols 1-April-05 | 22-duly-05 | Ponader Partly done
5. Developing year 5
model/ metrics, site 1-Sept-05 | 31-Sept-05 | Ponader Pertly done
specific criteria
6. Preparing manuseript | 1 o o5 | 31.0ct-05 | Ponader/ Charles/ Belton | t0.do
(final report)
7. Taxonomic 1-1iy-05 | 31-Nov-05 | Ponader/ Charles/ Belton | 10 o
documentation (Flora)
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Appendix 1: List of pre-slected sites for field reconnaissance in Outer Coastal Plain

AMNET # Latitude Longitude Stream Name County Site

sampled (s)
/rejected (r)

AN 0575 3939 52" 7445 56" Cedar Brook Atlantic s

AN 0593 3934 16" 7439 50" Indian Cabin Creek Atlantic r

AN 0617 3926 23" 7433 59" S Br Absecon Creek Atlantic r

AN 149A 3958 35" 7434 36" Ong Run Burlington S

AN 0153 3951' 34" 74 35 53" S. Br. Burrs Mill Brook Burlington r

AN 0156 3955 24" 7443 03" SBr Rancocas Branch Burlington r

AN 0119A 4001 39" 74 33 36" South Run Burlington r

AN 0624 3940 04" 7457 38" Sguankum Branch Gloucester r

AN 0686 3939 44" 7513 51" Oldmans Creek Gloucester S

AN 0503 4008 47" 7411' 57" Haystack Brook Monmouth s

AN 0532 4000 44" 7418 09" M anapagua Brook Ocean s

AN 0550 3949 02" 7417 34" Long Branch Ocean r

EWQ) stations

AMNET # Latitude Longitude Stream Name County Site

sampled (s)
/rejected (r)

ANO617 39° 26 23" 74°3359"  [S Br. Absecon Creek Atlantic r

AN0621 39° 44 02 74° 57 05" Great Egg Harbor River  |Camden sAN0623 instead

ANO751 39° 26' 53" 75°0420"  [Maurice River Cumberland r

ANO740 39° 29 44" 75° 04 35" Maurice River Cumberland S

AN0510 40°07 36" 7416 40"  |SBr Metedeconk River  [Ocean s

ANO744 39°33 25" 75° 10 27" Palatine Br Salem s

AN0699 39° 35 28" 75°17'46"  |Alloway Creek Salem r
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Appendix 2: List of sites sampled in 2004

a) Outer Coastal Plain Sites

Date NJ Site ID Waterbody Location AMNET AMNET
sampled Impairmentl Impairment2
9/14/2004 | ANO149A [Ong Run West Lakeshore Dr. Non-impaired Moderate
9/15/2004 |ANO503 Haystack Brook Southard Rd Moderate Moderate
9/15/2004 |ANO0510 S Br Metedeconk Bennetts Mill Rd (out. Lake |Severe M oderate
River Enno)
9/15/2004 [AN0532 ManapaguaBrook |Rt. 70 Severe Severe
9/14/2004 |ANO575 Cedar Brook Myrtle Ave (ColumbiaRd) |Moderate Moderate
9/14/2004 |AN0623 Great Egg Harbor Winsow Rd Non-impaired Moderate
River
9/13/2004 |AN0686 Oldmans Ck Swedesboro Rd Moderate -
9/13/2004 [ANO740 Maurice River Almond Ave. (USGS gauge) INon-impaired -
9/13/2004 |ANO744 Palatine Br DuboisRd Moderate -
b) Sites re-sampled in 2004 (sites in Piedmont)
Date  NJ Site ID Waterbody Location Impairment1 Impairment2
sampled
8/25/2004 ANO0115 |Miry Run Rt 533 (Quakerbridge Rd) Moderate Moderate
8/25/2004 ANO0234 |Whippany River [Ridgedale Ave W of Rt [-287 Severe Non-impaired
8/25/2004 ANO0374 |N Br Raritan River |Rt. 202 Non-Impaired Non-impaired
¢) Sewage Treatment Plant sites
Date  [NJ Site ID ‘Waterbody Location AMNET AMNET
sampled Impairment1 Impairment2
9/16/2004 [AN0O39 Pequest River  |Rt 615 Non-impaired Non-impaired
9/16/2004 |HydroQual 3 Pequest River  [Freeborn Lane - -
extension
9/16/2004 |HydroQual 4 Pequest River  [Alphano Rd - -
9/16/2004 |ANO0063 Musconetcong (Waterloo Rd Moderate Non-impaired
River
9/16/2004 [Ngarian 4 Musconetcong |Belton St. - -
River
9/16/2004 |Najarian 5 Musconetcong |Contitnental Drive - -
River
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TROPHIC DIATOM INDICES (TDI) AND THE DEVELOPMENT OF
SITE-SPECIFIC NUTRIENT CRITERIA

Thomas J. Belton (New Jersey Department of Environmental Protection)
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The Academy of Natural Sciences, Philadelphia, PA)

Primary Contact: Thomas J. Belton, Research Scientist
New Jersey Department of Environmental Protection (NJDEP)
Division of Science Research and Technology
401 East State Street
PO Box 409
Trenton NJ 08625

ABSTRACT

In 2004 a four year study performed for NJDEP by the Patrick Center for Environmental
Research showed that trophic diatom inference models could be used effectively to assess
late-summer nutrient concentrations and benthic algal responses specific to different
physiographic provinces in the state. Diatoms are widely recognized and used as
indicators of river and stream water quality because benthic diatom species composition
responds directly to nutrients and can be a more stable indicator of tropic state than
measurements of nutrient concentrations or algal biomass (e.g., chlorophyll a). Objectives
of the study were to: 1) develop New Jersey specific field and lab protocols for
characterizing eutrophication (nutrient concentrations) in streams using attached
periphyton algae, 2) assess the relationships between stressors (i.e., total
phosphorus/nitrogen) and overt signs of eutrophication (e.g., algae), and 3) develop
biological metrics as potential biocriteria (e.g., diatom community structure and trophic
diatom indices - TDI). We chose weighted average inference modeling as our approach
because it incorporated the most accurate method for quantifying species response to
nutrients. We used nutrient concentrations inferred from the models in two ways: 1)
directly, by using the inferred diatom values as estimates of the nutrient concentrations
prevailing at the site during the time the algal assemblages were developing, and 2)
indirectly, by rescaling the inferred concentrations from 0-100 to create trophic diatom
indices (TDI) more easily interpretable by non-specialists. In the current study in 2004
we performed a pilot study to test the TDIs above and below two Sewage Treatment
Plant (STP) facilities in New Jersey to evaluate their usefulness as a stressor-response
model necessary to generate site-specific biocriteria for nutrients. We conclude that the
TP and TN diatom inference models and indices are promising tools to monitor and infer
nutrient conditions but that further study is necessary to adequately evaluate their
effectiveness for routine use as part of a regulatory program. Diatom community
composition differed among sites, and the differences can be explained by variation in
nutrient concentrations. Diatom indices indicated relatively high nutrient conditions at all
sampling sites, and between-site differences were consistent with measured values. Both
the diatom indicators of enrichment and the measured nutrient concentrations showed a
marked increase below one STP, but not below the other. This may be because the
discharge from one plant was much greater than the other, one-time sampling did not
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represent longer-term nutrient conditions, or there are other important, unaccounted-for
factors influencing nutrient concentrations.

KEYWORDS: Water-quality, criteria, trophic, diatoms, inference models, designated
uses, phosphorus, nitrogen, nutrients, algae, periphyton.

INTRODUCTION

The New Jersey Surface Water Quality Standards (SWQS) include both numeric and
narrative (N.J.A.C. 7:9B-1.14(c)) water quality criteria for total phosphorus (TP). The
numeric criteria require that stream water TP shall not exceed 0.1 mg/L unless it can be
demonstrated that TP is not a limiting nutrient and will not otherwise render the waters
unsuitable for their designated uses. Specific examples of how waters may be rendered
unsuitable is given in narrative SWQS polices at N.J.A.C. 7:9B-1.5(g)2, which states that
“except as due to natural conditions, nutrients shall not be allowed in concentrations that
cause objectionable algal densities, nuisance aquatic vegetation, abnormal diurnal
fluctuations in dissolved oxygen or pH, changes to the composition of aquatic
ecosystems, or otherwise render the waters unsuitable for the designated uses.”

A challenge faced in bridging these quantitative criteria with the narrative nutrient
policies has been the development of a set of water quality indicators that may effectively
address how, and to what degree, water has been rendered unsuitable (e.g., objectionable
algal densities), or reciprocally how much TP reduction would be necessary to return a
eutrophic waterway to a healthy ecological condition. This SWQS dilemma must also be
evaluated from a point-source permitting perspective because if a NJPDES discharge
goes to a waterway segment already listed as water quality impaired for TP (i.e., 303(d)
listed under the Clean Water Act), then the NJPDES permit must require a 0.1 mg/L
phosphorus limit at the end-of-pipe. This has ramifications for municipal utilities (the
major point source dischargers of TP) because phosphorus stripping equipment can be
costly and difficult to install and operate.

Recently a NJDEP funded study carried out by the Patrick Center for Environmental
Research (PCER) evaluated whether biological measures of eutrophication (i.e., diatom
algae) could be used to assess potential nutrient impacts on receiving waters (Ponader
and Charles, 2004). An important conclusion was that the relationship between algal
biomass (i.e., chlorophyll a) and nutrient concentration as a measure of eutrophication (as
recommended by U.S. EPA) could be confounded by such co-factors as upstream basin
size, river width, light penetration conditions, and nitrogen (NO3-N), which were all
highly correlated with TP. PCER recommended that NJDEP develop NJ specific eco-
regional diatom inference models (e.g., Trophic Diatom Index - TDI) as a more
defensible means to link nutrient levels (i.e., TP and TN) with measurable changes in
algal biodiversity.

Diatoms are widely recognized and used as indicators of river and stream water quality,
including trophic state conditions (Stevenson and Pan, 1999). Benthic diatom species
composition responds directly to nutrients (Pan and Lowe, 1994, Pan et al., 1996), and

Copyright ©2005 Water Environment Federation. All Rights Reserved
1043



TMDL 2005 Specialty Conference

can be a more stable indicator of trophic state than measurements of nutrient
concentrations or algal biomass (U.S. Environmental Protection Agency, 2000). The U.S.
Environmental Protection Agency’s Environmental Monitoring and Assessment Program
(EMAP) and the U.S. Geological Survey (USGS) National Water Quality Assessment
Program (NAWQA), the two largest national surface water monitoring programs, both
use diatom and other algal indicators, as do several state agencies.

This present study was designed to address the status of eutrophic conditions on localized
stream segments of two waterways in northern New Jersey; the Musconetcong and the
Pequest Rivers, where Municipal Utility Authorities (MUASs) have expressed interest in
performing phosphorus evaluation studies possibly resulting in a site-specific water
quality based effluent limit (WQBEL) for TP (Ponader and Charles, 2004). The
immediate objective of this study was to investigate whether diatoms and specifically the
TDIs developed for northern NJ could be used to give more detailed information
concerning the biotic integrity of steams above and below the outfalls of the STPs and to
compare and contrast diatom community structure at both ends of the stream segment’s
receiving waters.

In this study, we tested diatom TP and TN models and indices developed for the
Piedmont, Highlands and the Ridge and Valley physiographic provinces of New Jersey
(Ponader and Charles, 2003, 2004) on reaches above, below and at the discharge of two
selected STPs on the Pequest and Musconetcong Rivers.

STUDY AREA AND METHODS

Three wadeable locations were selected and studied on both the Pequest and
Musconetcong Rivers: a) 1-2 miles upstream of the STP, b) directly downstream of the
STP, and c¢) 1-5 miles downstream of the STP (Figure 1 and 2; Table 1). The STP on the
Pequest is a 0.6 MGD facility discharging to an intermittent stream which leads to the
mainstem river, which is classified as a Freshwater 2, non-trout (FW-NT) waterway but
is also listed as impaired by the NJDEP for “aquatic life designated uses” due to high
historical phosphorus levels. The Musconetcong STP is a 4.31 MGD facility and
discharges to a Freshwater 2, trout maintenance (FW2-TM) classified waterway and is
also listed as impaired due to high historical phosphorus levels.

. . . | HE Urban
Flgul:e 1 - Pequest River sample site == Agreuture
locations — e

[ Agricult. Wetland A3
@ sampling Station !

The Pequest River is located in the Ridge
and Valley physiographic province of New
Jersey and the Musconetcong River in the
Highlands physiographic province. Both
provinces are characterized by long river
valleys draining from the northeast into the
Delaware River valley with land use tending
to forest and barren rock on the ridges, and
agriculture and suburban/urban communities
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concentrated primarily in the river valleys along the riparian corridors. In addition to
point sources, such as the STPs, nutrients can come from non-point sources such as
agricultural fertilizer, storm water run off, and suburban lawn maintenance. In this
present context, due to the large number of lawn turf farms, row crops and suburban
communities, all occurring in a narrow riparian corridor, it may be problematic as to
whether the influences of point versus non-point sources could be separated with just a
one time sampling of algal community structure. More prolonged seasonal sampling may
be necessary to distinguish between anthropogenic sources or from natural background

conditions.

Table 1 - Locations of sample sites

Site ID | AMNET # Latitude Longitude Site Location Name
Pequest River
P1 ANO0039 40 55.284°N 74 50.431°’W  Pequest River at Rt 615, Long Bridge Rd
P2 40 54.888'N 74 51.811’W  Pequest River at Freeborn Lane extension
P3 40 52.629°'N 74 54.285’W  Alphano Rd
Musconetcong River
M1 ANO0063 40 54.134°’N 74 42.808°'W  Musconetcong River, Waterloo Rd
M2 40 54.877°N  7443.327°W 50 ft downstream outfall
M3 40 55.156°’N 74 44.137°W  Musconetcong River, Continental Drive,
Off Rt 604
Figure 2 - Musconetcong s
River sample site locations e R A )

[ Agriculture

[ Forest

Il Water

B Wetland

@ Sampling Station

&G

\, A

Land-use in the Musconetcong
watershed upstream from our
sampling sites was more urban
(15-31% vs. 12-14%) and
slightly more forested (45-68%
vs. 45-49%) than in the Pequest
drainage, which had higher %
agriculture (22-26% vs. 0.0-
0.9%) (Figures 1 and 2; Table
2). Almost all of the land above
P1 is “cropland and pasture,”
whereas about 50% of the land-
use below P2 and down to P3 is
“agricultural wetlands” (much
of it in the riparian corridor and
including turf farms). Lawn turf
farms may have an over-riding affect on receiving water quality due to their land
management strategies such as pulse spraying of fertilizer to green up grass before
harvesting, followed by extraction of the turf with underlying soil layers resulting in a
significant amount of erosion and sediment buildup in downstream shoals. The rest of the
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riparian corridor tends to be wooded/shrub wetlands. Note that there are also turf farms
above P1.

Table 2 - Physical habitat characteristics Avg. width: Average river width at reach,
%0Open: percent open canopy cover, Flow: flow estimate (1=slow; 2=moderate; 3=fast)
%Bo: % boulder, %Cob: % cobble, %Gra:% gravel, %San: % sand, %Si: % silt, %Urb:
% urban land-use, %For: % forested land-use, %Ag: % agriculture land-use, %Wet: %
wetland, Area (km2): watershed size.

Site | Avg  Open Flo Bo Cob Gra San Si Ub %For Ag Wet Area
ID fwidth (%) w (%) (o) (%) () (% (B ) (%) (%) (km2)
(m)

P1 8.0 93.8 25 5 75 0 20
P2 |35 10.4 15 0 0 0 90
P3 |6.0 86.5 25 0 10 20 70
M1 | 3.5 219 25 15 60 15 10
M2 | 6.0 427 25 10 65 10 15
M3 | 7.0 542 25 20 70 5 5

139 492 224 114 1240
0 132 471 24.1 13.0 1784
125 450 258 14.6 2327
31.6 455 0.0 7.6 767
234 570 04 9.1 69.6
152 68.6 09 10.6 62.5

S OO O — O

Two Academy of Natural Sciences of Philadelphia (ANSP) field staff sampled all six
study sites on September 16, 2005. The sampling date was chosen to avoid sampling
within 14 days of a scouring event as per NAWQA protocols (Moulton et al., 2002).
Prevailing high flow conditions during late summer 2005 with three hurricanes moving
across New Jersey made this difficult. Periphyton samples were collected in accordance
with ANSP Procedure P-13-64 “Field sampling procedures for the New Jersey Algae
Indicators Project” (Charles et al., 2000). These sampling procedures are consistent with
those used in the USGS NAWQA program (Moulton et al., 2002). Rocks were sampled
at all sites, except at site P2. This site was dominated by sandy substrate and samples
were collected from branches, cobble, mollusk shell, and other miscellaneous hard
substrates; no sand/silt substrate was sampled. Water chemistry samples were collected
at each site for nutrients (SRP, TP, NH3-N, NO3-N, TKN and TN), alkalinity, hardness
and chloride following Patrick Center water chemistry sampling procedures (Velinsky,
2000). Samples for analysis of alkalinity, Cl’, and hardness were collected at each
upstream site only. Water temperature, pH and specific conductivity were measured in
the field using a handheld OAKTON pH/conductivity meter (Model No. WD-35630-60).

At the Academy, samples for water chemistry and algal community analysis were
processed and analyzed employing standard protocols developed for the New Jersey
Department of Environmental Protection (NJDEP) following standard analytical
procedures (PCER, 2000). Diatom community metrics were calculated using the
Phycological Indicators and Data Exploration Program (Phyco-AIDE) version 1
(Sprouffske et al., 2004). Diatom metrics calculated were: Centrales /Pennales ratio
(C/P), Diatom taxa (species) richness (#Taxa), Percent dominant diatom taxon (% Dom),
Percent of Achnanthidium minutissimum (%AM), Shannon-Wiener diatom diversity
index (Dvsty SW), Siltation index (Siltldx; = Percent motile taxa).

Ordinations were produced using Canoco 4.5 for Windows (ter Braak and Smilauer,
2002). Weighted averaging (WA) calibration techniques were used to test diatom
inference models for TP and TN. These were run using the program C2, (version 1.3,
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University of Newcastle, Newcastle upon Tyne) (Juggins, 2003). We applied the data
from the six sites to the best inference models that were developed for TP and TN in
previous years (Ponader and Charles, 2004), based on weighted-averaging partial least
square regressions (WA-PLS) (ter Braak and Juggins, 1993). These WA-PLS models
were developed using diatom data from 91 samples and showed good predictive ability
for total phosphorus (TP) and total nitrogen (TN) (TP model: rzapparem =0.87; rzboot =
0.72; RMSEpoor = 0.23 logio pg / L TP; TN model: #apparent = 0.88; Fpoor = 0.58; RMSEpoo;
=0.23 log;o pg/ L TN). Model error estimation was performed by bootstrapping with
1000 cycles (Birks, 1995). Diatom TP and TN indices were created by rescaling the
inference model results from 0-100.

RESULTS

Environmental Variables and Diatom Assemblage Composition

Generally, both rivers are characterized by high pH, and relatively high alkalinity,
hardness, and conductivity compared with most streams in the Ridge & Valley and
Highlands physiographic provinces, and moderate to high nutrient concentrations (Table

3).

Table 3 - Water quality characteristics

SiteID | Temp pH Cond CI- Alk Hard NO3 NH3- TKN TN SRP TP

°C uS/ mg/l mg/l mgl +2 N mg/l mg/l mg/l  mg/l

cm mg/l  mg/l
P1 19.0 84 577 45.0 215 253 094 0.014 032 126 0.002 0.018
P2 18.9 83 584 45.0 215 253 1.00 0.013 034 134 0.002 0.021
P3 18.8 82 562 45.0 215 253 1.07 0.020 046 153 0.017 0.057
M1 214 7.9 430 88.5 53 94 0.11 0.016 041 0.52 0.004 0.020

M2 20.3 82 610 88.5 53 94 2.57 0.006 048 3.05 0.026 0.061
M3 20.4 83 598 88.5 53 94 228 0.008 043 271 0.025 0.055

max 8.4 84 610 88.5 215 253 257 0.020 048 3.05 0.026 0.061
min 8.0 7.9 430 450 53 94 0.11 0.006 032 0.52 0.002 0.018
mean 8.2 82 560 66.8 134 174 133 0.013 041 1.73 0.013 0.039
median | 8.3 83 581 66.8 134 174 1.04 0.014 042 1.44 0.011 0.038

Based on conditions at the time of 2004 field work, the concentrations of TP and TN
(Table 3) were moderately elevated, sufficient to support substantial algal growth
(Stevenson et al., 1996), but not exceeding State standards, even though historical
sampling of nutrients have shown consistently elevated levels of TP for both waterways
sufficient to have them both listed as impaired for the State 303d list under the Clean
Water Act. In the Pequest, concentrations below the STP do not differ much from the
upstream site, suggesting either that the influence of the STP on nutrient concentrations is
minimal, or that concentrations above the STP are also elevated, but due to another
source. The nutrient concentrations at P3 are higher than P1 and P2 (especially for
phosphorus) suggesting the possibility of yet additional nutrient sources between P2 and
P3, possibly from the turf farms. In the Musconetcong, nutrient concentrations are
considerably higher at the two stations below the STP (M2 and M3) than the one above
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(M1), consistent with a substantial increase being caused by the STP. Because there are
nutrient measurements in this study for only one point in time, it is not possible to assess
how accurately they represent long-term concentrations in either of the rivers.

The diatom flora at the Pequest River sites is composed of 45-72 (mean = 59) taxa and of
32-50 (mean = 35) taxa at the Musconetcong River sites (Tables 4 and 5). The flora from
both rivers is generally dominated by pollution-tolerant species.

The Pequest River samples were dominated by Amphora pediculus (mean relative
abundance: 17.6%) and Rhoicosphenia abbreviata (9.7%), accompanied by Nitzschia
dissipata (8.0%), Navicula gregaria (4.5%), Achnanthidium minutissimum (3.9%) and
Cocconeis placentula var. lineata (3.9%). All other species had average abundances of
<4.0%.

In the Musconetcong sites, the flora was dominated by Achnanthes subhudsonis var.
kraeuselii (mean relative abundance: 33%), Rhoicosphenia abbreviata (17%) and
Cocconeis placentula var. lineata (12%), accompanied by Achnanthidium minutissimum
(6.6%), Gomphonema kobayasii (4.3) and Navicula cryptotenella (4.0%). All other
species had average abundances of <4.0%.

WA-optima calculated for all dominant species ranged from 0.5-0.9 mg/l TP and from
1.45-1.79 mg/l TN, with the exception of Achnanthidium minutissimum and Navicula
cryptotenella which both had lower calculated WA-optima of ~ 0.3mg/L TP and 1.1
mg/L TN (Ponader and Charles, 2003).

Diatom assemblages from both rivers have moderate taxa richness and Shannon-Wiener
species diversity, with the Pequest River samples showing relatively higher average
diversity (4.0) than the Musconetcong River samples (3.1) (Table 5). The higher
diversity for site P2 may be influenced by the larger number of substrate types from
which the diatom sample was collected. The Siltation Index, a measure of the proportion
of motile diatoms is higher in the Pequest, probably reflecting the higher proportion of
sand and silt in the Pequest compared with the Musconetcong (Table 2).
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TMDL 2005 Specialty Conference
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taxon abundance in all samples, and autecological characteristics. NA = not available. opt. = optima, cat. = category. TP optima

'(Potapova et al., 2004): 1) <25 microg/l, 2) 25-63 microg/l, 3) 63-158 microg/l, 4) 158-398 microg/l, 5) >398 microg/l. Saprobity

index *(Van Dam, et al. 1994):1) oligosaprobous, 2) B-mesosaprobous, 3) a-mesosaprobous, 4) a-meso/ polysaprobous, 5)
polysaprobous. Trophic State index *(Van Dam, et al. 1994): 1) oligotraphentic, 2) oligo-mesotraphentic, 3) mesotraphentic, 4) meso-
eutraphentic, 5) eutraphentic, 6) hypereutraphentic, 7) oligo- to eutraphentic. Cond. Opt. = Conductivity optima *(Potapova and
Charles, 2003).

Also,

Taxon Diatom Taxon Name % Relative Abundance of Taxon at Site | TP TP Sapr- Trophic | Cond. opt.> | CI opt.”

Code Pl P2 P33 Ml vz T3 ?5;/'14 : cat.' | obity’ | State’ (uS/cm) (mg/L)

ACsubkra | Achnanthes subhudsonis var. kraeuselii 0.0 0.0 [0.0 [3.0 |694]|258]32 1 NA NA NA NA
Cholnoky

AHminuti | Achnanthidium minutissimum (Kiitzing) 3.8 45 |37 |10.1 |20 |80 |33 1 2 7 229 11.0
Czarnecki

Nldissip Nitzschia dissipata (Kiitz.) Grunow 9.4 47 |100]02 |05 |08 |35 1 2 4 361 12.4

REsinuta Reimeria sinuata (Greg.) Kociolek & 0.7 07 (00 |73 [02 |05 |51 1 2 3 251 11.7
Stoermer

NAcryten Navicula cryptotenella L.B. in Krammer & | 0.0 05 |00 [02 [03 |00 |54 5 2 7 371 15.2
Lange-Bertalot

NAgregar | Navicula gregaria Donk. 4.0 76 |20 |08 |00 |17 |55 3 3 5 392 20.2

CCplalin Cocconeis placentula var. lineata 3.8 58 22 [202|62 |10.6 | 56 3 2 5 270 11.0
(Ehrenberg) Van Heurck

MEvarian Melosira varians Agardh 4.6 23 |05 |08 [00 |07 |60 4 3 5 309 12.8

Nlamphib | Nitzschia amphibia Grunow 0.3 32 |03 (41 |13 |23 |63 3 3 5 400 223

RSabbre Rhoicosphenia abbreviata (Agardh) L-B. 147 |28 | 116|285 |11.8 193 |62 4 2 5 384 18.1
Lange-Bertalot

NAminima | Navicula minima Grunow 0.3 40 |43 |03 |07 |40 |65 3 4 5 319 12.4

NAlancel Navicula lanceolata (Agardh) Ehrenberg 5.1 0.8 103 |00 [0.0 |07 |66 4 3 5 406 20.2

AMpedcls | Amphora pediculus (Kiitzing) Grunow 11.7 | 11.6 [ 29.6 | 0.3 | 0.7 | 4.0 | 67 3 2 5 470 21.3

SFseminu Sellaphora seminulum (Grun.) Mann 0.3 1.0 |40 |07 |08 |57 |71 3 4 5 305 16.0

GOkobaya | Gomphonema kobayasii Kociolek & 4.1 20 (27 (78 | 1.7 |35 | 1152 5 NA NA NA NA
Kingston

AMovalis Amphora ovalis (Kiitzing) Kiitzing 4.1 63 [1.0 [00 |00 |05 |NA NA |2 5 NA NA
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Table 5 - Diatom diversity and other metrics Centrales /Pennales ratio (C/P), Diatom
taxa (species) richness (#Taxa), Percent dominant diatom taxon (% Dom), Percent of
Achnanthidium minutissimum (%AM), Shannon-Wiener diatom diversity index

(Dvsty  SW), Siltation index (Siltldx). Statistical abbreviations: Standard deviation (SD),
coefficient of variation (CV).

Site ID |C P #Taxa %Dom %AM  Dvsty SW Siltldx
Pequest River

P1 0.05 59 14.7 3.8 4.9 394
P2 0.04 72 8.0 4.5 5.4 46.7
P3 0.01 45 15.3 3.7 4.4 42.6
Musconnetcong River

M1 0.01 32 28.5 10.1 3.4 15.8
M2 0.00 22 69.4 2.0 1.8 7.2
M3 0.01 50 25.8 8.0 4.1 32.1

The percent similarities among samples (Table 6) show that there are substantial
differences among samples, even though there are many species in common. The
differences in similarity values generally correspond to distances between sample
stations, and may reflect spatial factors as well as nutrients and other chemical and
physical habitat characteristics.

Table 6 - Percent similarity in diatom species composition between samples

Between sample % Similarity % Dissimilarity
P1:P2 58.0 42.0
P2:P3 50.4 49.6
P3:P1 39.7 60.3
M1:M2 30.8 69.2
M2:M3 51.6 48.4
M3:M1 27.4 72.6

Diatom flora and composition changes related to the effects of discharges from the
sewage treatment facilities

The CCA ordinations of all sites (Figure 3) shows the relative differences in the diatom
assemblages among the sites, the main species responsible for those differences, and
relationships of both with water chemistry characteristics.

Figures 3a and 3b. CCA triplots constrained to one variable at a time. The
constrained variables are indicated by a red arrow a) TP, b) TN. The black arrows
indicate water chemistry characteristics entered as passive variables. Circles represent
sites, triangles represent diatom species. For site abbreviations see Table 1. For species
abbreviations see Table 4.
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Figure 3a
To investigate which nutrients correlated most 2 Om1 o
strongly with diatom species composition, we ACsubkra
ran six separate CCAs, each constrained to
one of six nutrient variables: TN, TKN, TP, CCplalin o TKN

GOkobaya o SRP

SRP, NO2+3 and NH3-N. All other variables
were entered as passive variables. Of the six
variables, TKN had the highest influence with
a Ai/A; ratio of 1.01, capturing 27% of the
variation in the species data. SRP had a A;/A;
ratio of 0.84, capturing 24% of the variation in
species data. All other variables had lower
/A, ratios: NH3-N (0.78) TP (0.65), TN -1.0 1.5
(0.41), NO3-N (0.39). Results of the TP and TKN CCAs are presented in Figures 3a and
3b, respectively, and show the relationships among the water chemistry variables.
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The CCA graphs (Figure 3) also show the
locations of the diatom assemblages and the
most common taxa, with respect to each other
and the nutrient gradients. Distance between
sample points indicates similarity in species
composition. Locations of the diatom NOZs2
assemblage points show that for both rivers the
most upstream stations (M1 and P1) fall along

the low-concentration end of the phosphorus e
and nitrogen gradient (visualize by drawing a '
line from the sample point to the horizontal axis

so it intersects at a right angle). The species composition data points do not indicate a
significant change above and below the STP on the Pequest (P1 vs. P2), but there is a
marked difference between the Musconetcong upstream site (M 1) and the sample that
was taken below the discharge location (M2). The diatom composition at the Pequest
station P3 (most downstream) shows the strongest response to nutrients, compared to
station P1 and P2. In contrast, diatom assemblages at the furthest downstream
Musconetcong station (M3) indicate nutrient conditions that are relatively lower as
compared to M2, indicating some recovery has occurred.
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The CCA triplots (Figure 3), the differences in the diversity metrics (Table 5), and the
Percent Similarities (Table 6) indicate that the change in diatom species composition
between the upstream locations (P1, M1) and the samples taken below the discharge ( P2,
M2) is more pronounced at the Musconetcong River than at the Pequest River. The main
reason for the high dissimilarity between species composition of sample M1 and M2 is a
strong increase in the abundance of Achnanthes subhudsonis var. kraeuselii which
dominates (69.3%) at sample location M2. This species has a WA-optimum of 0.5 mg/L
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TP and 1.4 mg/L TN (Ponader and Charles, 2004) and indicates a shift to higher trophic
conditions. The diatom assemblages at the downstream location on the Pequest River
(P3) are most dissimilar with the upstream site (P1). This change is mainly caused by an
increase of the relative abundance of Amphora pediculus (Kiitz.) Grun , which is the most
abundant species (30%) in this sample and indicates a shift towards increased trophic
conditions; the calculated WA-optimum for A. pediculus is 0.5 mg/L TP and 1.5 mg/L
TN (Ponader and Charles, 2004).

TP and TN inference models and indices

The TP and TN Weighted Averaging inference models developed in an earlier study
(Ponader and Charles, 2004) were applied to diatom samples from all six study sites
using the program C* (Juggins 2003). The predictive characteristics of the TP model are:
1 apparent = 0.87; Ppoot = 0.72; RMSEpeor = 0.23 logyo ug / L TP; for the TN model they are:
rzapparem =0.88; rzboot =0.58; RMSEpsot = 0.23 logio pg / L TN. We compared the model-
inferred nutrient values for the six sites with the measured values by performing simple
regressions (Figures 4a and 4b) (Birks et al., 1990). The inferred TP values correlated
fairly well with measured TP values (r=0.71; #*= 0.50) (Figure 4a). In contrast, agreement
with the measured and inferred TN values was weak (r=0.22; 7*= 0.05) (Figure 4b).

Diatom TP and TN indices were calculated by converting the log;, of the inferred
nutrient concentrations to a TDI scale of 1 — 100. This step creates trophic diatom indices
(TDI) for TP and TN (Table 7) that represent species composition responses to nutrient
conditions. Diatom TP index values are lowest for the upstream stations on each river
(P1, M1), and increase downstream only slightly for the Pequest, but more markedly for
the Musconetcong (Table 7, Figure 4).

Table 7 - TP and TN diatom indices calculated based on diatom inferred TP and TN
values

Site ID TP Index TN Index
P1 56.6 42.5
P2 58.3 48.0
B <N 89 551
M1 56.9 59.4
M2 67.3 55.9
M3 60.7 58.7

Figures 4a and 4b TP (A) and TN (B) inference model performance when tested on
samples from the 6 sites in this study. Plots show inferred versus measured TP and TN
and the corresponding diatom index scores, (A) the Diatom TP Index and (B) the Diatom
TN Index.
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DISCUSSION TN (mg/l) measured

The CCA ordinations showed that variation in diatom species composition at the six
study sites is closely related to nutrient concentrations, and that nutrients can explain
differences among samples better than other water chemistry and physical habitat
characteristics. This relationship supports the rationale underlying use of diatoms as
nutrient indicators and the development of metrics and indices.

The diatom species composition and TP indices did not differ greatly between stations
above (P1) and below (P2) the STP on the Pequest River, but indicated greater
enrichment at the site further downstream (P3). This may be because the STP discharge
was not large (0.6 MGD compared with the Musconetcong STP discharge of 4.31 MGD),
and may not have had a substantial influence on stream chemistry, possibly in part
because river flow had been relatively high in the previous weeks. The fact that
conductivity does not increase much below the STP, as often occurs elsewhere (including
below the Musconetcong STP), supports this possibility. A possible reason species
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composition of P1 and P2 samples is more similar to each other than either is with P3 is
that the sites are located much closer to each other. There may be considerable nutrient
input from the turf farms below station P2 that could account for the greater enrichment
indicated at P3.

The diatom species composition and TP indices indicated greater enrichment at both sites
below the Musconetcong STP. The relatively short distance between M2 and M3 may
help explain the greater similarity of species composition at these sites, as well as the lack
of evidence of recovery.

We did not examine the relative limitations of N and P to algal growth and how they
might differ among the stations.

CONCLUSIONS

This preliminary study shows that the TP and TN diatom inference models and indices
developed for NJ are promising tools to monitor and infer nutrient conditions, but that
further study is necessary to adequately evaluate their effectiveness for routine use as part
of a regulatory program (i.e., NJPDES permitting decisions). Diatom assemblages
provided useful information for assessing the biotic integrity of the steams with respect to
nutrient conditions. Species composition differed among sites, and the differences can be
explained by variation in nutrient concentrations. Diatom indices indicated relatively
high nutrient conditions at all sampling sites, and between-site differences were
consistent with measured values. Both the diatom indicators of enrichment and the
measured nutrient concentrations showed a marked increase below the Musconetcong
River STP, but not below the STP on the Pequest River. This may be because the
volume of STP discharge into the Musconetcong is much greater than the Pequest,
because there are important, unaccounted-for factors influencing nutrient concentrations
(e.g., non-point source loads of nutrients from agriculture and/or storm water runoff), or
because limited one-time sampling did not represent longer-term nutrient conditions.
Additional study of these and other STP discharge sites would be necessary to provide
information on the consistency of diatom indicators for use in future water quality
permitting decisions.
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