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FOREWORD

This document, Chesapeake Bay Water Quality Monitoring Program:  Long-Term Benthic
Monit oring and Assessment Component , Qualit y Assurance Project  Plan 2000-2001,  w as
prepared by Versar, Inc. at t he request of  Dr. Robert Magnien of the Maryland Department of
Natural Resources under Cooperative Agreement CA-00-02/07-4-30608-3734 between Versar,
Inc., and the University of  Maryland Center for Environmental and Estuarine Studies.  The
document descr ibes standard operat ing procedures for t he Maryland Depart ment  of  Natural
Resources Program which assesses the status of  Chesapeake Bay benthic communit ies and
evaluates their responses to changes in water quality .
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1.0  INTRODUCTION

1.1 BACKGROUND

Monit oring is a necessary part of  environmental management as it provides the means

for assessing the eff ect iveness of  previous management act ions and the information necessary

to focus fut ure actions (NRC 1990).  Tow ards these ends, the State of Maryland has

maintained an ecological monitoring program for Chesapeake Bay since 1984.  The goals of

the program are to:

! quantify  the types and extent of  water quality problems (i.e., characterize the

" state-of -the-bay" );

! determine the response of key water quality measures to pollution abatement and

resource management act ions;

! identif y processes and mechanisms controlling the bay' s water quality;  and

! define linkages betw een wat er quality  and living resources.

The program includes element s to measure w ater quality, sediment quality,  phytoplank-

ton,  zooplankton, and benthic  invert ebrates.  The monitoring program includes assessments

of biota because the condition of biological indicators integrates temporally variable

environmental condit ions and t he ef fect s of  mult iple types of  environmental st ress.  In

addition, most environmental regulations and contaminant  control measures are designed to

protect biological resources; therefore, inf ormation about the condition of  biological resources

provides a direct measure of the effectiveness of management actions. 

The Maryland program uses benthic macroinvertebrates as biological indicators because

they are reliable and sensitive indicat ors of  habitat  quality in aquat ic environments.  Most

benthic organisms have limited mobility and cannot avoid changes in environmental conditions

(Gray 1979).  Benthos live in bottom sediments, w here exposure to contaminants and oxygen

stress are most frequent.   Benthic assemblages include diverse taxa representing a variety of

sizes, modes of reproduction, feeding guilds, life history characteristics, and physiological

tolerances to environmental condit ions; theref ore, they respond to and integrate natural and

anthropogenic changes in environmental conditions in a variety  of w ays (Pearson and

Rosenberg 197 8;  Warw ick 1 986;  Wilson and Jef frey 1994;  Dauer 1993 ).

Benthic organisms are also important secondary producers, providing key linkages

betw een primary  producers and higher trophic levels (Virnstein 1977; Holland et al. 1980,

1989; Baird and Ulanowicz 1989;  Diaz and Schaffner 1990 ).  Benthic invertebrates are among

the most  import ant components of  estuarine ecosystems and may represent  the largest

standing stock of organic carbon in estuaries (Frithsen 1 989).   Many benthic organisms, such
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as oysters and clams, are economically important .  Ot hers, such as polychaete worms and

shrimp-like crustaceans, contribute significantly to t he diets of economically important bottom-

feeding juvenile and adult  f ishes, such as spot  and croaker (Homer et  al. 19 80 ; Homer and

Boynton 1978).

The Chesapeake Bay Program's decision to adopt Benthic Community  Restoration Goals

(Ranasinghe et al. 199 4 updated by Weisberg et al. 1997) enhanced use of benthic macroin-

vertebrat es as a monitoring t ool.  Based largely on data collected as part of  Maryland' s

monitoring effort , t hese goals describe the charact erist ics of  bent hic assemblages expected

at sit es exposed t o lit t le environmental stress.  The Restoration Goals provide a quantitat ive

benchmark against which to measure the healt h of  sampled assemblages and ultimately the

Chesapeake Bay.  Submerged aquatic v egetation (Dennison et  al. 1993) and benthic macroin-

vertebrates are the only biological communit ies for which such quantit at ive goals have been

established in Chesapeake Bay.

1.2 OBJECTIVES  OF THIS DOCUMENT

This document describes standard operating procedures for all aspects of t he Long-

Term Benthic Monit oring and Assessment  Component  of  the Maryland Depart ment  of  Natural

Resources Chesapeake Bay Water Quality  Monit oring program.  The procedures ensure that

data produced address the questions which the program is designed to answ er.  They include

data quality object ives to ensure that all aspects of  the program, from positioning for sample

collection to t he taxonomic level of identif icat ion of  biota in samples,  meet st andards of

accuracy and precision required to answer these questions.

1.3 ORGANIZATION OF THIS DOCUMENT

This document is organized into 7 Chapters.   Chapter 2.0  descr ibes program  manage-

ment,  organization, and the areas of responsibility of  program personnel.  Chapter 3.0

describes the f ield program including site select ion, f ield measurement s, and instrument

calibration.   Chapter 4.0 provides an overview of laboratory procedures and data quality

object ives; specific steps for each procedure are described in the Versar, Inc. Standard

Laboratory Procedures Manual.  Chapter 5.0 describes data value quality assurance

procedures;  it emphasizes data management and simplistic  value checks because data quality

controls are built in t o many aspects of t he program.  Chapter 6.0  provides an overview of

standard stat istical and graphical analysis techniques as w ell as standard products included

in reports.  Finally, Chapter 7.0 prov ides a list of  literature cited elsewhere w ithin t he

document.
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2.0  PROGRAM ORGANIZATION, MANAGEMENT, AND PERSONNEL

The organizat ional f ramew ork for t he study, areas of  responsibilit y of program

personnel, lines of communicat ion w ith t he Department of  Natural Resources, and relevant

experience of the scientif ic and technical staf f are described briefly .

2.1 PROGRAM MANAGER

The Project  is organized w ith a Program Manager responsible for all day-t o-day

act ivit ies.  The Program Manager is responsible for all administrative and technical matt ers and

is the liaison betw een the Maryland Department  of Natural Resources (MD DNR) and Versar.

The Program Manager manages all  subcont ract s.  He/she directs the Qualit y A ssurance/Quali ty

Control program and is responsible for all reports and data produced for MD DNR.  The

Program Manager is also the point of contact for technical liaison with the U.S. EPA’s

Chesapeake Bay Program,  the Vi rginia Dept. Of  Environmental Qualit y,  the Vi rginia Chesapeake

Bay Benthic M onitoring Program, and any other external person or group, to further MD DNR

object ives.

The Program Manager funct ions through f ive Act ivit y Managers each responsible for

diff erent aspects.   These Act ivit y Managers are: 1) Field Crew Chief, 2 ) Laboratory Manager,

3) Data Manager, 4) GIS Manager, and 5) Document Production Manager.

2.2 FIELD CREW CHIEF

The Field Crew Chief is responsible for all field activities, equipment, and crew.  He/she

w orks closely  w ith the Program Manager and other Act ivit y M anagers.  Based on direct ives

from the Program Manager,  he/she ident ifies activit ies and/or sites “ piggy-backing”  on the

“ normal”  project scope and works w ith t he GIS coordinator and Data Manager to prepare for

sampling.  The Field Crew  Chief  funct ions as Chief Scient ist  during sampling cruises,

coordinating w ith the vessel captain,  ensuring the correct  funct ioning and operation of  all

instruments and gear, and supervising all ot her sc ient if ic staff .  A fter the cruise,  the Field Crew

Chief provides data to the Data Manager and samples to the Laboratory  Manager.

2.3 LABORATORY MANAGER

The Laboratory Manager is responsible for all samples and data produced in the

laboratory  of  Versar or any subcont ract or.   He/she prov ides samples to subcontract ors w hen

necessary, and works w ith the Data Manager, subcontractors, and laboratory  staff  to ensure

that  sample tracking systems, sample processing, data sheets, and data entry  meet all quality
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standards.   The Laboratory  Manager oversees day-to-day operation of t he Laboratory  Quality

Assurance and Quality Control  Program for Versar and subcontractor laboratories.

2.4 DATA MANAGER

The Data Manager ensures that data meet data quality  objectives and coordinates many

program activit ies to minimize the possibility of errors.  Working w ith t he GIS Coordinator and

Field Crew Chief, the Data Manager produces site lists, field data sheets, and sample labels

prior to sampling.  Once f ield data are dow nloaded, the Data Manager act ivates the sample

tracking system and prints laboratory  data sheets.  Once dat a are generat ed by the

laborator ies, the Data Manager reconciles t hem with the sample tracking system and subjects

them to ext ensive checking and quality  control.   Finally, t he Data Manager adds these dat a to

MD DNR’s long-term benthic database.

2.5 GIS COORDINATOR

The GIS coordinator assists in site selection and visualization prior t o sampling, and

presentat ion of  results af ter data have been generated and analyzed.  Working w ith t he Field

Crew Chief, he/she selects spat ially random sit es and prepares maps of all sampling sit es to

facil it ate field operations.   Once data analysis is complete, he/she produces graphics to depict

MD DNR’s result s.

2.6 DOCUM ENT PRODUCTION MANAGER

The Document Production Manager assists in report production.  He/she supervises the

document product ion staff  and works w ith t he Program Manager and project  technical  staff

to produce reports for MD DNR.

2.7 QUALITY ASSURANCE/QUALITY CONTROL FOR SUBCONTRACTORS

  Versar closely monitors the QA/QC protocols of  it s subcont ract ors and ensures and

verif ies that Versar QA/QC protocols and standards are applied to all work.  The status of  each

sample processed by a subcont ract or is t racked and recorded from t he time the samples are

received unt il the data sheets are delivered to Versar.  Protocols have been established to

ensure that all organisms are removed from sorted samples.  In addition,  random subsamples

of material sorted by subcont ractors are submitted to Versar for resorting and verification of

identif ications and count s, in addit ion to subcontract or QA /QC prot ocols.   Organism

identif ications are performed by qualified experts and a taxonomic voucher collection is

maintained.
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2.8 QUALIFICATIONS OF TECHNICAL STAFF

Dr. Roberto Llansó is Versar’ s Project Manager special izing in marine science and

benthic ecology.  Dr. Llansó has extensive experience in conducting  benthic ecological

studies, sediment quality,  and water quality assessments in Chesapeake Bay, Tampa Bay,  and

Puget Sound.  For five years, Dr. Llansó led the long-term Puget Sound Sediment Monit oring

Program, where he was responsible for overall organization and implementation, including

study design, development of  field, laboratory , and analy t ical  procedures, dat a col lect ion, dat a

analysis and interpretat ion, the management  of program cont racts, t he preparation of  reports,

and the presentation of f indings at  management  and scient if ic meetings. This program has

col lect ed sediment chemistry , toxicit y, and benthic data at f ixed and random locations in Puget

Sound since 1989 .  Among other activ ities, Dr. Llansó  has provided technical support and

expertise in the development of  biocriteria in Puget Sound.  He was Project  Manager for the

Washington State Department  of Ecology of a study  that  provided evaluations and

recommendations for benthic indices,  int erpret ative methods, and regulatory t hresholds.   In

addition,  D. Llansó has recently  been Invit ed Speaker at an international seminar in Madrid

(Spain) on approaches used to evaluate contaminated sediments, including crit eria develop-

ment and sediment management standards, monitoring, and dredging.  Dr. Llansó received his

Ph.D. in 1990 f rom the Virginia Instit ute of M arine Science where he conducted research on

the eff ects of low  dissolved oxygen on benthic communities in the Rappahannock River. 

Also, Dr. Llansó has gained considerable t axonomic experience in coastal areas of eastern and

w estern Unit ed States, the Gulf of  Mexico,  and western Europe.  In recent years, Dr.  Llansó

has been part icularly interested in t axonomic standardizat ion issues for w hich he has f ounded

and incorporated the Northern Associat ion of  Marine Invertebrate Taxonomist s (NAM IT).

Ms. Lisa Scott , Laboratory  Manager,  has more than 15 years of experience in benthic

ecology and specializes in estuarine and freshw ater benthic ecology.  She has participated in

LTB since its inception in 198 4 and is thoroughly f amiliar wit h the technical activit ies of the

project.  She has also participated in bent hic invertebrat e monitoring projects in Delaware Bay,

the Susquehanna River, and several ot her f reshw ater and est uarine ecosystems.   She manages

the Versar biological and sediment laboratories and her project dut ies include QA/QC of water

quality, sediment , and biological data.  She assists Dr. Llansó in data analysis, int erpretation,

and report preparation.

Mr. Fred Kelley, Field Crew  Chief , has coordinated LTB f ield effort s since 199 2,

participat ing regularly  in sampling ef fort s since 199 0.   He has partic ipated in many projects

monitoring benthic  macroinvertebrates, sediment , and w ater qualit y,  inc luding the U.S. EPA’s

Environmental Monit oring and Assessment Program (EMA P).  Through t hese projects,  he has

developed an int imat e know ledge of the Maryland Chesapeake Bay and it’s t ributaries; this

know ledge has been crit ical for successful implementation of LTB’s bay-w ide random sampling

program.

Ms. Ginny Mercurio has funct ioned as a dat a analyst  and computer programmer at

Versar since 199 8.   She serves as LTB data manager, coordinates sample site select ion
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activ ities betw een GIS and field staf f,  maintains data integrity and streamline operations

through automat ed product ion of  f ield and laborat ory  data sheets, and aut omat es integration

of QA/QC activ ities.  She maintains the LTB data base, incorporating data from f ield

instruments and several different laboratories, and modifying it  as necessary due t o sampling

design changes.  Ms. Mercurio performs statist ical analyses of t he data and coordinates w ith

Versar’s graphics and GIS departments to display these results.   She is also involved in the

development of  databases for several Army Corps of Engineers (Philadelphia Distr ict ) projects,

compiling information on bent hic species abundance and biomass, sediment grain-size

dist ribut ions, and water quality.   She also serves as the primary data base manager for the

Maryland Biological St ream Survey  perf ormed by the Maryland Depart ment  of  Natural

Resources.  She is responsible for managing a long-term database of physical, chemical, and

biological  informat ion used to assess the quality of  Mary land’s wadeable freshwater st reams.

Ms. Nancy Mountford and Mr. Tim Morris of Cove Corporation are recognized authori-

t ies on t he taxonomy and identif icat ion of  Chesapeake Bay bent hic organisms.  They have

part icipated in power plant impact st udies on benthic biot a, including studies of meiobenthic

species.  Ms. Mount ford w as a senior research assistant on benthic field programs at Calvert

Cliffs betw een 1971  and 1978 and received a Master of  Science degree in Zoology from t he

University of Maryland in 1984.  M r. Morris received a Master of Science degree in Biology

from Old Dominion University in 198 6.   Cove Corporation w ill  process bent hic samples, as

needed. 
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3.0  FIELD PROGRAM

The field program is supervised by the Field Crew  Chief and consists of f our phases of

activity: 1) sit e selection, 2) cruise preparat ion, 3 ) sampling cruise,  and 4) post -cruise.

Samples are collected tw o times each year, in spring and in summer.  Only site selection

dif fers bet w een spring and summer; all ot her phases are similar bot h seasons.

Three seasonal definit ions are used by the program (Table 3-1).  The broadest,  least

rest ric t ive, Chesapeake Bay def init ion is shared w ith the Vi rginia Bent hic Monit oring Program

and the Chesapeake Bay Benthic Index of Biotic Integrity;  only data meeting this definit ion are

analyzed.  The intermediate, more rest ric t ive, Maryland definit ion is inclusive of all Maryland

data used for seasonal trend analysis at historic sites sampled since 1984; every eff ort is made

to collect samples w ithin t his time w indow each year.  The most  rest ric t ive “ target ”  definit ion

is a tw o-week period including approximately 60-70 % of  the Maryland data; sample collection

occurs in this period each year and, if logistically f easible, all sampling is completed during this

w indow.

Table 3 -1.  Season def init ions.  Dif ferences are explained in the text .

Season Chesapeake Bay Maryland Target

Spring 16 A pril - 15 July 22  April  - 27  May 07 - 20 May

Summer 16 July - 30 Sept 29 July - 30 Sept 03 - 16 Sept

3.1 PROGRAM OBJECTIVES

The Maryland Long-Term Benthic Monit oring and Assessment Component  has tw o

primary object ives:

1) To assess trends in bent hic communit y condi t ion at 27  Fixed Sites located in the

Maryland Bay.  Sites w ere selected in mult iple habit ats dist ributed in sub-est uaries

throughout  the Maryland Bay in areas where the Bay w as expected to respond to

regulatory  and management act ivit ies.   Many of these sit es have been sampled

continuously since 19 84 .  Sampling act ivit ies at  these sites are described in

Section 3.2.1  below.

2) To assess the area of t he Bay supporting healthy  benthic communities and

identify  benthic areas most in need of restorat ion.  This is accomplished by

assessing samples from Probability Sites selected using the strat ified random

sampling design described in Section 3.2 .2 below .
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From time t o time, additional objectives are defined and addressed by special sampling

programs at Special Sites, as described in Sect ion 3.2 .3 below .

3.2 SITE SELECTION

Three ty pes of sit es are sampled by t he program.  They are Fixed Sites, Probability

Sites, and Special Sites.

3.2.1 Fixed Sites

The 27 Fixed Sites (Figure 3-1) are used to identif y temporal trends in benthic

condition.   Most  of  the sit es have been sampled since 19 84  (Figure 3-1 ).  They are all sampled

in both spring and summer.  Sites are defined by geography (wit hin 1 km f rom a fixed locat ion)

and by specif ic depth and substrate crit eria.  Table 3-2 is a list of  the 27 Fixed Sites.

3.2.2 Probability Sites

Probability Sites are used to assess the extent  of t he Maryland Bay that  meets the

Chesapeake Bay Benthic Community Restorat ion Goal (Ranasinghe et al. 199 4, updated by

Weisberg et al. 19 97 ) each year.  A f resh set of  15 0 sites are selected at  random each year

and sampled.  They are sampled only in summer because Restorat ion Goals have only  been

set for summer.

The Probability Sites are allocated according to a stratif ied random sampling scheme

designed to produce an annual estimate of  area meeting the Restoration Goal for the Maryland

Bay as w ell as est imat es for six subdivisions.  Samples are allocated equally among st rata

(Figure 3-2, Table 3-3).  Regions of the Maryland mainstem deeper than 12m w ere not

included in sampling st rata because these areas are subject ed to summer anoxia and have

consistent ly been found t o be abiotic .  Except  for t hese excluded areas, every point on the

Maryland Bay bot tom deeper t han 1-m mean low er low w ater (MLLW) has a chance of being

sampled.

3.2.2.1 Sampled Area Def inition

The primary requirement for comparabil it y of annual “ healt hy”  area estimates among

years is that estimated area boundaries be constant.  Even stratum definitions and sample

allocation schemes may be altered provided the same area is covered.  A lthough est imat e

precision may change depending on t he nature and magnitude of st ratif icat ion changes,

estimates w ill be comparable from year to year.
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Figure 3 -1.  Maryland f ixed bent hic sit es



Table 3 -2.   Locat ion,  habit at (Tab le 5,  W eisberg et  al. 1 99 7),  samplin g gear,  and hab itat  crit eria fo r fix ed sit es

Stratum Sub-

Estuary

Habitat Stat ion Latitude

(NAD 27)

Longitude

(NAD 27)

Sampling

Gear

Habitat  Criteria

Depth

(m)

Siltclay

(% )

Distance

(km)

 Po tomac

River 

Po tomac

River

Tidal

Freshwat er 

0 3 6 3 8 °  4 6 . 1 8 ' 7 7 °  0 2 . 2 7 ' Wild Co

Box Co rer

< = 5 > = 40 1.0

Oligohaline 0 4 0 3 8 °  2 1 . 4 4 ' 7 7 °  1 3 . 8 5 ' Wild Co

Box Co rer

6 . 5 -1 0 > = 80 1.0

Low

M esohaline 

0 4 3 3 8 °  2 3 . 0 4 ' 7 6 °  5 9 . 3 6 ' M odif ied

Box Co rer

< = 5 < = 30 1.0

Low

M esohaline 

0 4 7 3 8 °  2 1 . 9 0 ' 7 6 °  5 9 . 1 0 ' M odif ied

Box Co rer

< = 5 < = 30 0.5

Low

Mesohaline

0 4 4 3 8 °  2 3 . 1 3 ' 7 6 °  5 9 . 7 6 ' Wild Co

Box Co rer

1 1 - 1 7 > = 75 1.0

High

Mesohaline

Sand

0 5 1 3 8 °  1 2 . 3 2 ' 7 6 °  4 4 . 3 0 ' M odif ied

Box Co rer

< = 5 < = 20 1.0

High

Mesohaline

M u d

0 5 2 3 8 °  1 1 . 5 3 ' 7 6 °  4 4 . 8 8 ' Wild Co

Box Co rer

9 - 1 3 > = 60 1.0

Patuxent

River

Patuxent

River

Tidal

Freshwat er 

0 7 9 3 8 °  4 5 . 0 2 ' 7 6 °  4 1 . 3 6 ' Wild Co

Box Co rer

< = 6 > = 50 1.0

Low

M esohaline 

0 7 7 3 8 °  3 6 . 2 6 ' 7 6 °  4 0 . 5 2 ' Wild Co

Box Co rer

< = 5 > = 50 1.0

Low

M esohaline 

0 7 4 3 8 °  3 2 . 8 3 ' 7 6 °  4 0 . 5 1 ' Wild Co

Box Co rer

< = 5 > = 50 0.5

High

Mesohaline

M u d

0 7 1 3 8 °  2 3 . 7 0 ' 7 6 °  3 2 . 9 5 ' Wild Co

Box Co rer

1 2 - 1 8 > = 70 1.0



Table 3-2.  (Continued)

Stratum

Sub-

Estuary Habitat Stat ion Latitude Longitude

Sampling

Gear

Habitat  Criteria

Depth

(m)

Siltclay

(% )

Distance

(km)

Upper

West ern

Tribu taries

Patapsco

River

Low

Mesohaline

0 2 3 3 9 °

1 2 . 4 9 '

7 6 °  3 1 . 4 2 ' WildCo Box

Corer

4 - 7 > = 50 1.0

M iddle

Branch

Low

Mesohaline

0 2 2 3 9 °

1 5 . 2 9 '

7 6 °  3 5 . 2 6 ' WildCo Box

Corer

2 - 6 > = 40 1.0

Bear Creek Low

Mesohaline

2 0 1 3 9 °

1 4 . 0 5 '

7 6 °  2 9 . 8 5 ' WildCo Box

Corer

2-4.5 > = 70 1.0

Curt is Bay Low

Mesohaline

2 0 2 3 9 °

1 3 . 0 7 '

7 6 °  3 3 . 8 5 ' WildCo Box

Corer

5 - 8 > = 60 1.0

Back River Oligohaline 2 0 3 3 9 °

1 6 . 5 0 '

7 6 °  2 6 . 7 8 ' Young-

Grab 

Not  set Not  set 1.0

Severn

River

High

Mesohaline

2 0 4 3 9 °

0 0 . 4 0 '

7 6 °  3 0 . 3 0 ' Young-

Grab

Not  set Not  set 1.0

Eastern

Tribu taries

Chest er

River

Low

Mesohaline

0 6 8 3 8 °

0 7 . 9 7 '

7 6 °  0 4 . 7 4 ' WildCo Box

Corer

4 - 8 > = 70 1.0

Choptank

River

Oligohaline 0 6 6 3 8 °

4 8 . 0 8 '

7 5 °  5 5 . 3 3 ' WildCo Box

Corer

< = 5  > = 60 1.0

High

Mesohaline

M u d

0 6 4 3 9 °

0 7 . 9 7 '

7 6 °  0 4 . 1 8 ' WildCo Box

Corer

7 - 1 1 > = 70 1.0

Nant icoke

River

Low

Mesohaline

0 6 2 3 8 °

2 3 . 0 3 '

7 5 °  5 1 . 0 2 ' Petit e

Ponar Grab

5 - 8 > = 75 1.0



Table 3-2.  (Continued)

Stratum

Sub-

Estuary Habitat Stat ion Latitude Longitude

Sampling

Gear

Habitat  Criteria

Depth

(m)

Siltclay

(% )

Distance

(km)

Upper Bay Elk River Oligohaline 0 2 9 3 9 °  2 8 . 7 7 ' 7 5 °  5 6 . 6 9 ' WildCo Box

Corer

3 - 7 > = 40 1.0

M ainst em Low

Mesohaline

0 2 6 3 9 °  1 6 . 2 8 ' 7 6 °  1 7 . 4 2 ' WildCo Box

Corer

2 - 5 > = 70 1.0

 High

Mesohaline

M u d

0 2 4 3 9 °  0 7 . 3 2 ' 7 6 °  2 1 . 3 4 ' WildCo Box

Corer

5 - 8 > = 80 1.0

M id Bay M ainst em High

Mesohaline

Sand

0 1 5 3 8 °  4 2 . 9 0 ' 7 6 °  3 0 . 8 4 ' M odif ied

Box Co rer

< = 5 < = 10 1.0

High 

Mesohaline

Sand

0 0 1 3 8 °  2 5 . 1 9 ' 7 6 °  2 5 . 0 2 ' M odif ied

Box Co rer

< = 5 < = 20 1.0

High

Mesohaline

Sand

0 0 6 3 8 °  2 6 . 5 4 ' 7 6 °  2 6 . 6 0 ' M odif ied

Box Co rer

< = 5 < = 20 0.5
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Figure 3 -2.   Mar yland  bayw ide samp ling st rata
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Table 3-3 . Allocation of probability-based baywide samples, in and after 1995. 
Maryland areas exclude 676 km 2 of mainstem habitat deeper than 12
m. 

State Stratum
Area

Number of
Sampleskm2 State % Bay %

Maryland Mainst em 2,552 45.8 23.4 25

Eastern Tribut aries 534  9.1 4.9 25

West ern Tr ibutaries 292 5.3 2.7 25

Upper Bay 785 14.1 7.2 25

Patuxent  River 128 2.3 1.2 25

Potomac River 1,276 22.9 11.7 25

TOTAL 5,568 50.9 150

Alt hough some boundaries of the Maryland Bay are clear, others are poorly defined.
Jurisdict ional boundaries such as the Washington D.C.-Maryland line in the Potomac and the
Virginia-Maryland line dividing the Chesapeake Bay, Tangier Sound, and Pocomoke Sound are
clear.  How ever,  sampling limit s on Bay and tributary margins are most of ten cont rolled by
pract ical  considerations such as the draft of t he sampling vessel.  The upstream distance
sampled in tribut aries is oft en subject ive because heads of t ide are not w ell known.

The purpose of this sect ion is to define LTB sampling area boundaries for these poorly
def ined margins.  Definitions are provided for Bay margins at the land-w ater interface, and for
each of the 42 t idal tributaries of Chesapeake Bay.

3.2.2.2 The Land-w ater Interface at  Bay and Tributary Margins

The Maryland Long-term Benthic Monitoring and Assessment Program samples all
bott om areas of the Chesapeake Bay and its t idal tributaries deeper t han 1m mean low er low
water (MLLW).  M LLW is the most  prevalent datum in use.  It is t he 19-year mean for the
low er of t he tw o daily low-tides occurring in areas w ith semi-diurnal tides, such as the
Chesapeake Bay.

All t idal bot tom areas are subject t o sampling except for areas restricted by the
government, such as Bay bott om adjacent t o the Aberdeen Proving Grounds and the
Bloodsw ort h Island US Naval Reservation.  Navigation charts w arn of unexploded ordinance
in these areas which, therefore, are unsuitable for benthic sampling.  On a smaller scale, cable
and pipeline areas designated on nautical charts are also avoided.
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3.2.2.3 Tributary head sampling limits

The LTB objective is to sample as far up each tributary as the uppermost point at which
t idal influences occur (“ head of t ide” ) or as close to it  as possible.  Accordingly,  the f arthest
point sampled up each tributary is t he head of t ide, or the navigable limit according to naut ical
charts, w hich ever is c loser to the Bay.

A tw o-st ep process w as used to identify  sampling limits f or rivers wit h tidally
inf luenced lower segments w hich drain into the Chesapeake Bay.  Heads of tide and limits of
navigability  were determined and the sampling limit w as set accordingly.  The results are
presented in Table 3-4.  By our criteria, determinations were required for 36  of t he 42 rivers
identif ied by the State of Maryland.

Heads of t ide were determined using the Maryland Depart ment  of  Natural Resource’s
t idal wetland maps.  These maps delineat e wetland areas on a background aerial photograph.
For all t ributaries w here heads of t ide were delineated, t hey were identif ied as marked.
Otherw ise, the lim it  was judged to be at  the point  of t he uppermost delineated tidal w etland.

Limits of navigabilit y w ere identified from naut ical chart s.  For some tributaries,
navigation is not possible because heads of t ide are beyond the limit s of t he nautical charts.
In these cases, t he sampling limit  was defined as the uppermost point  that can be safely
navigat ed based on information from nautical charts or other sources.  The results are
presented in Table 3-4 .

3.2.2.4 Probability Site Selection Process

To ensure that  25  samples are collected at random, 30  sites are selected for sample
collect ion as fol low s:

1) For each st ratum,  the GIS Coordinat or select s up t o 1,000  points at  random in
a unif orm dist ribut ion from an area that  is a superset  of  the stratum,  using the
program writt en specially for t he purpose.   Decimal degree reference coordinates
are used wit h a precision of 0.00000 1 degrees (approximately 1 meter) which
is a smaller distance than the accuracy of  positioning; t herefore, no area of the
bay is excluded from sampling and every point in the Maryland Bay has a chance
of being sampled. 

2) The GIS image of t he stratum is overlayed on the selected points and points on
land are eliminated.



 Table 3-4. Heads of t ide, benthic sampling limits,  and the distance betw een them for t idal rivers draining into t he Maryland
Chesapeake Bay.  Reasons for di f ference betw een head of  t ide and sampl ing limit : A  - Sampling limit  is at
jurisdict ional boundary ; B - Unable to navigat e;  C - Nav igat ional inf ormation not  available.

River Head of Tide Sampling Limit Distance (km) Reason

Potomac Lit t le Falls Dam DC - MD line 20 A

Port Tobacco State Route 6 Warehouse Point 2 B

Wicomico State Route 23 4 Newport  Run 6 B

St. Mary's State Route 5 Tippety Witchity  Island 4 B

Patuxent State Route 21 4 State Route 4 10 C

West State Route 46 8 Smit h Creek 2 B

South Rutland Road US Route 50/301 2 B

Severn US Route 97 Indian Landing 2 B

Magothy Catherine Avenue Magothy Bridge Road 2 B

Patapsco US Route 69 5 Hanover Street Bridge 6 B

Back Redhouse Creek US Route 69 5 2 B

Middle State Route 15 0 Head of t ide 0 -

Gunpow der US Route 40 Iron Point 5 B

Bush US Route 40 Bush Point 1 B

Susquehanna Robert Island Spencer Island 1 C

Northeast State Route 27 2 Stony Run 1 B

Elk State Route 7 Locust Point 6 B

Bohemia Telegraph Road Labbide Mi ll Creek 4 C

Sassaf ras US Route 30 1 Wilson Point 5 B

Chester State Route 31 3 State Route 29 0 7 B

Corsica State Route 21 3 Sycamore Point 2 B

Wye US Route 50 Sportsmans Neck 3 B



 Table 3-4. (Continued)

River Head of Tide Sampling Limit Distance (km) Reason

Wye East Wye Mi lls - Queen Anne Road 2 km upst ream of Wye Landing 5 B

Mi les Pott s Mill Creek Unnamed creek near Todds Corner 3 B

Tred Avon State Route 33 Easton Point 1 B

Choptank State Route 31 3 Forge Branch 4 B

Litt le Choptank Cambridge-Hudson Road Lee Creek 2 B

Blackw ater All t idal Maple Dam Road 18 C

Transquaking Draw bridge Road Head of t ide 0 -

Chicamacomico US route 50 Head of t ide 0 -

Honga All t idal Keenes Point NA B

Nanticoke US Route 13 MD-DE state line 10 A

Wicomico Tony  Tank Creek Head of t ide 0 -

Manokin US Route 13 Locust Point 10 B

Big Annemessex State Route 41 3 Persimmon Point 5 B

Pocomoke Whiton Crossing Road Snow Hill 15 C
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3) The first  50 selected points are plott ed on Navigation Chart look-alikes (Figure
3-3) and provided to the Field Crew Chief t ogether w ith a list of  coordinat es.

4) The Field Crew  Chief eliminates any of these points which either (a) are in
prohibited areas, (b) are clearly shallower than 1-m MLLW, (c) are close to
submerged cables or other obstacles, or (d) cannot be approached because of
intervening shallow  waters.   If  less t han 30 sites remain af ter this process,
additional sites are plotted unt il 30  sites are selected.

5) Thirty potential sampling sites are now available in each stratum.  The select ion
order of  each site is know n and stored along w ith the coordinates.

3.2.3 Special Sites

Special Sites are not associated w ith t he core Benthic Monitoring Program, but  rather
with Special Projects which have special objectives and which take advantage of this program
to col lect  samples economically and w ith simplif ied logistics.   The sit es may be addit ional ones
w hich otherw ise would not  have been sampled, or involve addit ional sampling or data
collection at regularly  sampled sit es, or a combinat ion of  bot h.  The spec if ics vary f rom year
to year and are governed by each Special Project.

3.3 CRUISE PREPARATION

There are several aspects of  Cruise Preparation.   They are 1) vessel, crew, and
scientific  party scheduling, 2) site identif ication, 3 ) label and f ield data sheet product ion, and
4) equipment coordination.

3.3.1 Vessel, Crew, and Scientific Party Scheduling

Large and small vessels are used by the Maryland Benthic Monit oring and Assessment
Component and scheduling is specific  to each type.  Based on the geographic distribut ion of
sampling points, and compromises betw een convenience, cost,  ability t o w ithstand weather,
availability  of boat  ramps, and speed in and accessibili ty of shallow  waters,  the Field Crew
Chief  allocates sites for sampling from large and small vessels.  Allocat ions are flexible, and
usually evolve as sampling progresses.

3.3.1.1 Large (University of M aryland) Vessels

Reservations for  these vessels are typically made six months or more in advance, and
the Field Crew  Chief  coordinates scient if ic party,  vehicle, and trailer rendezvous from Columbia
and vessel loading and departure f rom Solomons wit h the boat captain.
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3.3.1.2 Small (Versar) Vessels

The Field Crew Chief coordinates scientif ic party , crew , vehicle, vessel and trailer
availabilit y,  rendezvous,  and loading in Columbia.

3.3.2 Site Identification

1) The GIS Coordinator passes a file cont aining the “ top 30"  Probability Site
selections for each st ratum(Section 3.1.2.4,  above)  to the Data Manager.  The
data manager provides each site w ith a five-digit Station Number.  The first  tw o
digits represent  the year (1994= 01, 1995= 02, and so on; 2000= 07).  The
third digit  represents the Stratum (1= Potomac, 2= Patuxent,  3= Western
Tributaries, 4= Eastern Tributaries, 5= Mid-Bay Mainst em, and 6= Upper Bay).
Within each strat um, t he first  25  selected sit es are numbered in sequent ial order
from south to nort h, w hile sit es 26-30  are numbered in selection order; sampling
must  be at tempt ed at  Sites 1-25 regardless, while the Field Crew  Chief  may
decide whether or not  to collect “ ext ra” samples based on progress up t o that
point.   Twenty -fiv e samples are processed from each stratum each year;
symmetry  of sampling frequency among strata and among years considerably
simplifies the mathematics of  estimation.

2) The Data Manager combines the coordinates and list of Fixed Sites and any
Special Sites w ith the list  of  18 0 Probabilit y Sites, and assigns Sample Serial
Numbers and any other necessary variables, creates a list of sampling sites for
the Field Crew Chief including sampling gear and other pertinent inf ormation, and
provides an electronic f ile to the GIS coordinator.

3) The GIS coordinator produces a set  of Navigat ion Chart look-alikes w ith a
comprehensive plot  of si te locations.   The Field Crew Chief plots these points on
act ual navigat ion charts.  A  fresh set of  Chesapeake Bay charts is purchased
annually for this purpose.      

3.3.3 Label and Field Data Sheet Production

The Field Crew  Chief  and Dat a Manager coordinat e to produce sample labels, dat a
sheets, and any other necessary or desirable paperwork electronically.

3.3.4 Equipment coordination

The Field Crew  Chief ensures that all necessary instruments, sampling gear, and
equipment are available and in good working order.  All inst ruments are cal ibrated on a regular
basis.
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3.4 SAMPLING CRUISE

3.4.1 Station Location

Stations are located using a dif ferent ial Global Positioning System accurate to w ithin
10-m.  The NAD27 coordinate system is used.

At Fixed Sites w here depth and habitat-type have been defined (Table 3-1), t he Field
Crew  Chief verifies that parameters are w ithin permissible ranges in addition to t he location
being correct.   If parameters vary beyond acceptable ranges, the boat  is repositioned until
long-term crit eria are met.

3.4.2 Sampling Failure

At Probabil it y Sites, i t  may not  be possible to collect a benthic sample for several
reasons: 1) intervening shallow  water may  be an obst acle t o reaching a sit e, 2 ) a sit e may be
too shallow  for nav igat ion, 3 ) the nature of  bot tom sediments (oyster reef  or shell-hash) may
prevent grab closure,  and 4) failure of navigation or hydrographic instrumentat ion may result
in loss of  ancillary dat a.  In the case of  1) and 2), sampling will be att empted at least once by
small boat  before the site is discarded.  In the case of 3) three att empts at relocation w ill be
made at 20 -m to 30 -m distances from the original point in diff erent directions.   If  an
acceptable sample cannot be collected, t he site will be discarded.  In the case of 4 ), the site
w ill be resampled after equipment is repaired.  Only in extreme circumstances where overall
success of the program is jeopardized, can a sample be substituted for logistical reasons.  An
example would be dropping a single sample six hours travel time up a tributary , collect ion of
w hich threatened to prevent sampling several other sites because the “end of summer”
deadline was approaching.

3.4.3 Water Column Measurements

At Fixed Sites, w ater column vert ical profiles of t emperature, conduct ivity, salinity,
dissolved oxygen concentrat ion (DO), and pH are measured using a Hydrolab H20.   The
prof iles consist  of  water qual it y measurements at  1 m intervals f rom surf ace to bot tom at  sit es
7 m deep or less, and at 3 m int ervals, w ith addit ional measurements at 1.5 m int ervals in the
vicinity  of t he pycnocline, at sit es deeper than 7 m.  At  all other sites, surface and bott om
measurements are made.  Table 3-5 lists the measurement methods. 

All instruments are checked f or required maintenance and calibrated against  accepted
and reasonable standards prior to and af ter each cruise and routinely during extended periods
of f ield (or lab) use.   For example, on the - 16 day Chesapeake Bay cruise, the Hydrolab is
recal ibrated every other day.  The instrument  is also recalibrated before and after each cruise
to determine the amount  of drif t.   The Hydrolab is calibrat ed according t o manufacturers'
specif icat ions.  These include air-saturation calibration of  the DO probe and standard reference
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or buf fer solut ion calibration of  the conduct ivi ty and pH probes.  DO meter calibrations and
notable field measurements are occasionally checked using standard Winkler titrations. 

Table 3-5 . Methods used to measure water quality  parameters 

Parameter Method

Temperature Thermist or at tached to Hydrolab H2O

Salinity and
Conductivit y

Hydrolab H2O nickel six-pin electrode-salt w ater cell block
combination w ith automatic t emperature compensation

Dissolved Oxy gen Hydrolab H2O membrane design probe w ith automat ic
temperature and salinit y compensat ion

pH Hydrolab H2O glass pH electrode and standard reference
(STDREF) electrode automatically compensated for temperature

Field crews know the expected ranges of w ater quality values for each fix ed site from
previous measurements and the literature.  As new measurements are taken, they are
review ed for out lying or unexpect ed values so that possible problems wit h instrument  funct ion
can be resolved immediately. 

3.4.4 Benthic Samples

Samples are collected using f our k inds of  gear depending on t he program element and
habit at ty pe.  At Fixed Sites, (Figure 3-1 , Table 3-2), a hand-operated box corer ("post -hole
digger") which samples a 250 cm2 area to a depth of  25 cm is used in the nearshore shallow
habit ats of the mainstem bay and tributaries.  A Wildco box  corer, which samples an area of
225 cm2 to a depth of  23 cm, is used in deep-w ater (more than 4  m) habitats in t he mainst em
bay and tributaries.  A petite ponar grab, w hich samples 250 cm 2 to a depth of  7 cm,  is used
at the f ixed sit e in t he Nant icoke River to be consistent  w ith previous sampling in the 1980s.
At the tw o fixed sites first  sampled in 1995 and at all Probability Sites, a Young grab, which
samples an area of 440  cm2 to a depth of  10 cm is used.

At each si te, sample volume and penet ration depth are measured for all samples;
Wildco and hand-operated box cores penetrating less than 15 cm,  and Young and Petit e Ponar
grabs penetrating less than 7 cm into t he sediment are rejected and the site is re-sampled.

Three samples are collected for benthic communit y analysis at each fixed site.  One
sample is collect ed at  each probabili ty si te.

In the f ield, samples are sieved through a 0.5-mm screen using an elutriative process.
Organisms and det rit us ret ained on the screen are t ransf erred into labeled jars and preserved
in a 10%  formaldehyde solution stained with rose bengal (a vit al stain that  aids in separating
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organisms from sediments and detritus).  Figure 3-3 provides an overview of QA/QC for
biological sample collection.

Figure 3-3.   QA/QC for biological sample collection
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Two surface-sediment sub-samples of approximately 120 ml each are collected for
grain-size, carbon, and nitrogen analysis from an addit ional grab sample at each site.  They are
frozen until processed in the laboratory .

3.5 POST-CRUISE

All instruments are post-calibrated.  Data are down-loaded from t he Hydrolab to
comput er files.  Field sheets, f ield notes, and measurements on deck are entered into spread-
sheets.  Copies of all data f iles are transferred to t he Data Manager.

The Data Manager generates a list  of samples to be processed, including all Fixed Site
samples, all Special Site samples, and the “ f irst ”  25  Probabil it y Site samples in each stratum.
The sample lists are imported into spreadsheets on the Sample Tracking computer in the
benthic laboratory,  to begin the sample t racking process.
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4.0  LABORATORY PROCESSING

Two types of samples, biological samples and sediment samples, are returned to the
laboratory .  Tw o types of  data are produced for biological samples and five types of data for
sediment samples.  An overview  the biological sample processing QA/QC procedures are
presented in Figure 4-1 .

4.1 BIOLOGICAL SAMPLES

Biological samples are tracked using an automat ed digital sample track ing syst em, batch
transmit tal forms,  catalog sheets, and bench sheets.  This informat ion is used as applicable
to track the location and progress of  sample processing in t he laboratories.

Benthic biological samples are processed to ident if y and enumerate each species
present,  and to measure species-specific  ash-f ree dry  weight  biomass.  Organisms are sort ed
from det rit us under dissect ing microscopes, identified to t he lowest practical taxonomic level,
and counted.  Oligochaetes and chironomids are mounted on slides and examined under a
compound microscope for genus and species identification.

Samples sort ed by each t echnician are resorted on a regular but arbit rary basis to
ensure that all organisms are removed from extraneous material (eff iciency of 95%  is typically
considered acceptable).  Approximately 10%  of all samples processed are resorted for quality
assurance.   The level of effort expended on resorts depends on the specific needs of each
project but t ypically ranges from 5% t o 20%,  depending on whether the intent of  the resorts
is to conf irm ef ficiency levels and support  training eff orts, or to guarantee a specif ied
eff iciency level wit hin def ined stat ist ical  confidence limit s.  Any  problems discovered during
resorts result in review of recent and previous work w hich may also cont ain errors,  addit ional
training of  technicians, and close supervision of  technicians until performance is improved.

Species identif ications are verif ied w hen organisms are t ransf erred f or biomass mea-
surements.   Samples sorted and identif ied by subcontractors are returned to Versar's lab for
biomass determinations, which ensures an opportunit y f or verif ying identif icat ions and count s.
A voucher collection cont aining representative specimens of each taxon identif ied is main-
tained by each laboratory.  Questionable or unusual species identif ications are confirmed by
recognized experts in t he appropriate taxonomic specialt ies.   Contacts for t axonomic
consultat ion include (but are not limited to) the Smithsonian Institute, t he National Museum
of Canada, and the Institut e of Ocean Sciences.  An extensive and current library of taxonomic
and biological literature is available in-house for reference  by technical specialists processing
samples.
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Figure 4-1. QA/QC for biological sample collection and processing
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The QA/QC Of f icer or an appointed representative recounts approximately 10%  of all
samples processed both internally and by subcontractors.  Recount ing is a met hod of evaluat -
ing both t he performance of Versar personnel and subcontractors and the correctness of the
recounted samples.

Ash-f ree dry  weight  biomass is measured directly  for each species by drying t he
organisms to a constant weight at 60 ° C and ashing in a muf f le furnace at  50 0° C for f our
hours and re-w eighing (ash weight).  The difference betw een dry weight  and ash weight is the
ash-free dry weight .

All laboratory balances are serviced annually by a specialized technician.  Each balance
is calibrated daily as required and balance efficiency is checked with standardized weights. 

4.2 SEDIMENT SAMPLES

Silt -clay composition is determined f rom one of the tw o sediment sub-samples,  and
carbon and nitrogen content are determined from t he other sediment sub-sample col lect ed at
each sampling site. 

For silt-clay determination, sand and silt-clay particles are separated by wet-sieving
through a 63 -µm, stainless st eel sieve and weighed using the procedures described by the
Versar Benthic Laboratory Standard Operating and Quality Cont rol Procedures.

Sediment subsamples not immediately  required for processing are frozen and stored to
allow reprocessing for QC or confirmation of  questionable results.   Ten percent of each sample
collection is reprocessed as a QC.  Any  quest ionable samples (i.e., values that  fall outside of
expected ranges) are reprocessed for verificat ion.

Carbon and nitrogen content  of dried sediments prepared according to the Versar
Benthic Laboratory Standard Operating and Quality  Cont rol Procedures is det ermined using an
elemental analyzer in accordance wit h the Standard Operating Procedure of the University of
Maryland Chesapeake Biological  Laborat ory  Nut rient Analyt ical  Services Laboratory.  The
instrument is an Exeter Analyt ical Inc., Model CE440  analyzer.

4.3 QUALITY ASSURANCE/QUALITY CONTROL FOR SUBCONTRACTORS

The status of each sample processed by a subcontract or is tracked and recorded from
the time the samples are received until the data sheets are deliv ered to Versar.  Protocols have
been established t o ensure that  all organisms are removed from sorted samples.  In addition,
sort ed material is ret ained for resorting and verif ication of  identif ications and counts.  Organ-
ism identif ications are performed by qualified experts and a taxonomic voucher collection is
maintained.  Versar closely  monit ors the QA/QC prot ocols of  its subcont ractors.
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5.0  DATA MANAGEMENT
 

Versar’s data management procedures ensure that data meet qualit y object ives to
answer MD DNR’s quest ions w ith suf f icient  accuracy and prec ision and are compat ible and
comparable w ith data collected in previous years of the program.  Data are also compatible
with those of the Virginia Chesapeake Bay Benthic Monit oring Program.  An overview  of t he
process is provided in Figure 5-1 .

All data taken in t he f ield or lab are recorded on st andard data forms designed for the
project.  All data t o be entered into electronic f iles are accompanied by a Data Keypunching
Request Form which includes information on t he project, data format, and any special instruc-
tions.  Original data forms are copied before t hey are sent for keypunching, and the originals
are maintained in project  fi les.

Data are entered tw ice by dif ferent  data ent ry operat ors t o provide keypunch verif ica-
tion.    When data are entered, error- and range-checking (e.g., expected normal ranges of  DO,
temperature,  or salinity) programs are run to ident if y entry  errors.  The output  of t hese pro-
grams is reviewed and values outside the ranges listed in Table 5-1 are flagged for special
att ention.  Data output  files are then verified against original data sheets to ensure that t he
comput er file is complete and correct.  A catalog of data entry f ormats is maintained, refer-
enced by number, and associated w ith specif ic standard data sheets.   A log is maintained of
all data sets;  progress wit h respect  to project  deadlines is closely monitored.

Prior to stat istical analysis, data are summarized in a form t hat can be reviewed easily
for actual values and for relative trends.  The Laboratory M anager reviews t his output  for
disparate data points that  suggest , f or example, a possible error in recording a number or in
the funct ion of a meter, etc.  This procedure is redundant w ith computerized range checking
but ensures that  erroneous data do not confound subsequent  analyses; past  experience has
shown this redundant review t o be essential. 

If  an electronic data file requires editing, the editing soft w are maintains an audit trail.
Af ter a data f ile is edit ed, data validat ion procedures are repeat ed.  A ll f iles on the computer
system are regularly backed up.  All programs that operate on data are thoroughly tested and
documented.

Original data sheets are archived for ref erence.  Dat a tapes and printout s are maintained
in controlled central storage areas.  At present, data are submitt ed annually to EPA’ s
Chesapeake Bay Program.  These data are stored in accordance wit h EPA’ s Benthic M onitoring
Data Dictionary.
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Table 5-1 . Ranges of values accepted by error-checking computer programs

A. UNIVERSAL VARIABLES

Variable Check

Sample Collec t ion Date Within Cruise Period

Cruise Number Mat ch w ith Date

Fiscal Year Code Mat ch w ith Date

Station/Site Number In List

Stratum Code In List

B. FIELD DATA

Variable Check

Sample Number $ 1,   # 4

Gear Code In List

Conversion Factor Match w ith Gear Code

Serial Number Cruise Serial Number Range

Depth >  0,   # 35 m

Bottom Depth $ Depth

Salinity $ 0,   <  25 ppt

Conductivit y $ 0,   # 45 mmho

DO $ 0,   # 17 ppm

pH $ 6.0,   # 9.5

Temperature $ 0,   # 29.0 ° C
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Table 5-1  (Continued)

C. SEDIMENT DATA

Variable Check

Sample Number $ 1,   # 4

Sand Content $ 0, # 100 %

Silt-Clay Content $ 0, # 100 %

D. TAXONOMIC DATA

Variable Check

Sample Number $ 1,  # 4

Taxon Code Valid, Found previously at  stratum

0.5 mm Sieve Abundance >  0
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Figure 5-1.   QA/QC for data processing
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6.0  DATA ANALYSIS

Analyses for t he f ixed sit e and probabilit y-based elements of  LTB are bot h perf ormed
in the context  of  the Chesapeake Bay Program's Benthic Communit y Restorat ion Goals and
the Benthic Index of  Biotic Integrit y (B-IBI) by w hich goal att ainment  is measured.  The B-IBI,
the Chesapeake Bay Benthic Communit y Restorat ion Goals, and statist ical analysis methods
for t he tw o LTB elements are described below.

6.1 THE B-IBI AND THE CHESAPEAKE BAY BENTHIC COMMUNITY RESTORATION GOALS

The B-IBI is a multiple-att ribute index developed to ident ify  the degree to w hich a ben-
thic assemblage meets the Chesapeake Bay Program's Benthic Community Restoration Goals
(Ranasinghe et al. 19 94 , updated by Weisberg et al. 19 97 ). The B-IBI prov ides a means for
comparing relative condition of  bent hic invertebrat e assemblages across habit at ty pes.  It also
prov ides a validated mechanism for integrat ing several benthic community  att ributes indicative
of  habit at " healt h"  int o a single number that  measures overall benthic community condit ion.

The B-IBI is scaled from 1 t o 5, and sites w ith values of 3  or more are considered to
meet  the Restorat ion Goals.   The index is calculated by scoring each of several at tributes as
either 5,  3,  or 1  depending on w hether t he value of the att ribute at a site approximates,
deviates slight ly from, or  deviates st rongly from values found at the best reference sites in
similar habitat s, and then averaging these scores across attributes.  The criteria for assigning
these scores are numeric and depend on habitat .  The applicat ion is presently  limited to
summer samples; data from time periods for which the B-IBI has not  yet  been developed are
not used for B-IBI based assessment.

Benthic communit y condi t ion is classif ied into four levels based on the B-IBI.  Values
less than or equal to 2 are classified as severely degraded; values from 2 to 2.6 are classif ied
as degraded; v alues great er than 2 .6  but  less t han 3 .0  are classif ied as marginal;  and values
of 3.0  or more are classified as meeting the goal.   Values in the marginal category do not
meet the Restorat ion Goals, but t hey diff er from the goals w ithin t he range of measurement
error typically recorded betw een replicate samples.

  
6.2 FIXED SITE TREND ANALYSIS

Trends in condi t ion at the f ixed sit es are ident if ied using the nonparametric t echnique
of van Belle and Hughes (1984).  This procedure is based on the Mann-Kendall statist ic and
consist s of a sign t est comparing each value w ith all v alues measured in subsequent periods.
The ratio of  the Mann-Kendall st at ist ic t o it s var iance prov ides a normal deviate that  is t ested
for significance.  A lpha is set t o 0.1  for these t ests because of the low  power for t rend
detect ion for biological dat a.  An est imat e of  the magnit ude of  each significant t rend is
obt ained using Sen' s (1968) procedure which is closely related to the Mann-Kendall test .
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(1)

(2)

Sen's procedure ident if ies the median slope among all slopes betw een each value and all
values measured in subsequent periods.

The van Belle and Hughes procedure extends the Mann-Kendall test for use in testing
for trends across multiple seasons and/or multiple strata (Gilbert 1 987).  Multiple-strata or
multiple season t ests address more global issues, such as testing for t rends in the w hole
Potomac River, rather than a single site wit hin the Potomac.  Examining trends across multiple
sit es increases the pow er for t rend detection by increasing the effect ive sample size.  The test
using combinat ions of  sites (and/or seasons) is conducted in tw o parts.   The first  part  tests
for homogeneity of  response across the groups to be combined.  Combination is inappropr iate
if  individual t rends are signif icant ly heterogenous (simi lar to t he lack of validit y of  a t w o-w ay
analysis of variance when there is a significant  inter-effect interaction).  In the second part,
a chi-square test  based on the normal deviates is used to determine the significance of the
" global trend. "   The magnitude of  the global t rend is est imated by ext ending Sen' s (1968 )
procedure to determine the median slope for all slopes for t he multiple strata being tested
(Gilbert  1987 ).

6.3 PROBABILITY-BASED ESTIMATION

The Maryland Bay is div ided into six  st rata (Figure 3 -2, Table 3-3).  To est imat e the
amount of  area in t he ent ire Bay that  fails t o meet  the Chesapeake Bay Benthic Restorat ion
Goals (P), w e def ine f or every sit e i  in stratum h a variable yhi that has a value of 1 if  the
benthic community meets the goals, and 0 otherw ise.  For each stratum,  the est imat ed
proportion of area meeting the goals, ph, and it s var iance are calculated as the mean of the yhi' s
and its variance, as fol low s:

and
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(3)

(4)

Estimates f or st rata are combined t o achieve a stat ewide estimat e as:

w here the w eighting factors Wh, =  Ah/A, and Ah is the total area of  the hth st ratum, and A
is the combined area of all st rata.  The variance of  (3) is est imated as:

For combined st rata,  the 95%  conf idence intervals are estimated as the proport ion plus or
minus tw ice the standard error.  For individual strata, the exact conf idence interval is
determined from tables.
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