.

FIRE ISI.AND INLET ﬁ

o LB 'MONTAUK Por e
g (o MoNT Uk PoNt K

_— ; - ]
R IIefnrmuIatmnSmdym

Compilation and Compar ative
Analysis of Physical and

Biological Characteristics of
Available Sand Sources

October 2004

Prepared by U.S. Army Corps of Engineers

US Army Corps
of Engineers.

New York District




TABLE OF CONTENTS

T ABLE OF CON T ENT S ettt e e e e e et e e e e e e e e e e et eeeeeeeeeeeaeeneeeeaaeeeeaaaans I
L IST OF TABLES ..o et e e e e e e et e e e e e e e e e e e eeeeeeeeeeaeaeeeeeeeeeseeseaertaneeaeees I
LIST OF FIGURES ..ot e e e e e e ettt e e e e e e e e e et e e e e e e e s e aenneeeaeees I
[, PROJECT OVERVIEW ..o et e et e e e e e e e e e e e e aeaeeaans 1
1.0 TRAWULS ettt ettt e e e e e e e e e e e e e e e e e e e e eeeeeeeeeee e e e eeeeeeeeeeeeaaeneeeeeaeeeeeaaaannees 2
2.0 BENTHIC GRABS ..t eteteee et e et et e eee ettt eesessaaaeteeeeesasssasaaseeeeeessssssaassssaneeesssssasaasssseeesessessans 2
3.0 WATER QUALITY 1eteiitteeitie ettt e steesteeeteesteesteesasesebessssesasessasesasessnseeasessasessesssseessessasenssessnnes 3
4.0 STATION INFORMATION ...t ee e e e e et e e e e e e e e e e e e e eeeeeeeeesaeeeeneeeeeaeeeeeaaaenneeeeaneeeeaaaannees 3
. DATABASE DEVEL OPMENT ..ooiii ittt ettt ettt ee e e e e eeasaeeeeeeesssesasesseeeeeessessesasnsens 3
[11. DATA ANALY SIS AND RESUL TS ..ottt e e e e e e e e aaaenees 5
1.0 DATA ANALYSISIVIETHODS ...t eee e eeee e e e e e e e e e et e e e e e e eaaeeneeeeeaeeeeaaaaennneeeaaeeeaans 5
1.1 Benthic COmMmMUNItY ANBIYSIS .....cooiiiiiiiiisieeeeieeee e 5

1.2 FinfiSh COMMUNITIES ......eeeeeee et e et e e e e e e e e e e e e e e e e e e eeeaenneeeees 6

HIRC TS o = o oY o) B 1 01 = = SRRSO 7

14 Sediment Grain SZe DIStriBDULION ....oooeeeeeeeeeeee e 7

2.0 RESULTSAND DISCUSSION .....eeeeettteeeteeeessesaeeereessssssssasssseesessssssasssssneeesssssssssssesseesssssssons 9
21 Benthic Invertebrate CoOmMMUNITIES .........oe oot e e e e e eeeeeens 9
212 HIERARCHICAL CLUSTER ANALY SIS .ttt ee et e e e e e e e e aeee e e e e e e e e e aaaeneeaaans 10
2.2 L1 {ES g @001 0018 010 8 TL LT 10

G TS o= o =Y o) B 1 01 = == SR 11

24 Sediment Grain SZe DistriDULION ....cooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 11

3.0 SUMMARY AND CONCLUSIONS OF DATA ANALY SIS, ceiiiieeeeeeeeeeeeeeeeeeeeeeaeeieeeeeeeeeseeaeenens 12

G I s 11010 YOS RPTPPP 12

3.2 CONCIUSIONS ... 12

V. TABLESAND FIGURES ...t e e e e e e e e e e e e e e e e e 14
V. REFERENGCES. ..o ot i ettt ettt ettt e e e e e eeaaeeeeesaaeesasssssereeaeasssaaaeseeaeereeesssaaessaneeeeees 40
VI. DATABASE USER 'S GUIDE ...ttt e e e e e eee e e aaeeeaan 41
1.0 GENERAL OVERVIEW ... e e e e e e e e e e e e e e e e e e e e aeneeeeeeaeeeeeeaeenneeeeaaaeeaeaaennens 41
2.0 OTHER D OCUMENTATION 1euvtttieeteeeeeseeeeeeeeeesesssssaesseseesesssssssssssesesesssssssssssssseesesssssssssssens 45



LIST OF TABLES

Tablel-1:
Tablel-2:
Tablel-3:
Tablel-4:
Tablelll-1;
Tablelll-2:
Tablelll-3:
Tablelll-4:
Tablelll-5;
Tablel11-6:
Tablel!1-7;
Tablelll-8:

LIST OF FIGURES

Figurel-1:
Figurel-2:
Figurel-3:
Figurelll-1:
Figurelll-2:
Figurelll-3:
Figurelll-4:
Figurelll-5:

Studies Included in the Database Page 14
Database Parameters and Units of Measurement Page 15
Grain Szes Page 15
Borrow Aress, Location, and Benthic Station Identification Page 16
Benthic Invertebrate Samples by Area and Season Page 17
Number of Finfish Trawls by Area, Season, and Depth Contour

Page 18
Number of Surf Clam Samplesby Area Page 19
Number of Sediment Grain Size Samples by Area, Depth, and Season

Page 20
Results of Two-Way ANOVA (Potential Borrow Areax Season) of Benthic
Invertebrate Taxa Richness, Dendity, and Biomass Data Page 21
Matrix of Pairwise Comparisons (Tukey Test) of Benthic Invertebrate Taxa
Richness Between Potentid Borrow Areas Page 22
Matrix of Pairwise Comparisons (Tukey Test of Benthic Invertebrate Dendty

Page 23
Matrix of Pairwise Comparisons (Tukey Test of Benthic Invertebrate Biomass
Between Potentia Borrow Areas Page 24
Map of Potential Borrow Areas Page 25
Benthic Grab and Trawl Sample Locations Page 26
Surf Clam Survey Sample Locations Page 27
Benthic Invertebrate Taxa Richness ANOV A Plots of Least Squares Means
of Area, Season, and Area by Season Interaction Effects Page 28
Benthic Invertebrate Densty ANOV A Plots of Least Squares Means of Area,
Season, and Area by Season Interaction Effects Page 29
Benthic Invertebrate Biomass ANOV A Plots of Least Squares Means of
Area, Season, and Area by Season Interaction Effects Page 30

Hierarchica Cluster Analysis (Average Linkage/Euclidean Digtance) Based
on the Geometric Means of Taxa Richness, Dendity, and Biomass for Each
Combination of Potential Borrow Area and Season Page 31

Box and Whisker Plots of Dengity, Taxa Richness, and Biomass for Members
of Clugters Identified by Hierarchica Cluster Andyss Page 31



Figurelll-6:
Figurelll-7:
Figurelll-8:
Figurelll-9:
Figurelll-10:
Figurelll-11:
Figurelll-12:
Figurelll-13:

Catch Per Unit Effort (CPUE) of All Finfish by Season, Potentia Borrow

Area, and Depth Page 32
Catch Per Unit Effort (CPUE) of Summer Flounder by Season, Potentia
Borrow Area, and Depth Page 33
Catch Per Unit Effort (CPUE) of Winter Flounder by Season, Potential
Borrow Area, and Depth Page 34
Catch Per Unit Effort (CPUE) of Winter Skate by Season, Potential Borrow
Area, and Depth Page 35
Catch Per Unit Effort (CPUE) of Squid by Season, Potential Borrow Area,
and Depth Page 36
Surf Clam (US Bushels) Callected in Potential Borrow Areas During August
and September Sampling Page 37
Grain Size Didribution of Sediment in Potentid Borrow Aress by Depth
Contour Page 38

Grain Size Didribution of Sediment in Potentia Borrow Areas By Season.
Page 39



Fireldand to Montauk Point Storm Damage Reduction Reformulation Study
Compilation, Analysis, and Compar ative Analysis of Physical and Biological
Characteristics of Available Sand Sour ces

|. PROJECT OVERVIEW

The Atlantic Coast of Long Idand, Fire Idand Inlet to Montauk Point, New Y ork, Storm
Damage Reduction Reformulation Study (FIMP) seeks to evaluate long-term solutions for sorm
damage reduction adong the southern shore of Suffolk County, Long Idand. The FIMP study isa
multi-year and multi-task effort, involving project planming and engineering, economic analyses
and environmental studies. Numerous study tasks are involved in the planning of sorm damage
reduction projects for the approximately 83-mile study area length. The study area dso includes
26 miles of the Fire Idand National Seashore (FINS), which is under the jurisdiction of the
National Park Service (NPS).

The project areais located entirely in Suffolk County, Long Idand, New Y ork, dong the Atlantic
and bay shores of the towns of Babylon, 1dip, Brookhaven, Southampton, and East Hampton
(Figure 1-1). The study areaiincludes three estuaria bays, which are in order from west to eadt:
Great South Bay, Moriches Bay, and Shinnecock Bay. These bays are connected to the Atlantic
Ocean through Fire Idand, Moriches, and Shinnecock Inlets, dl of which are federaly
maintained navigation channels. The project areaincludes the ocean and bay shorelines, the
aforementioned inlets, barrier idand beaches, the mainland, as well as suitable offshore sand
borrow areas for beach congtruction and replenishment. The study encompasses approximately
70 percent of the tota Atlantic Ocean frontage of Long Idand, as well as hundreds of miles of
bay shordine.

The potentid exists for breaching and/or flooding of the barrier idands that may sgnificantly
impact mainland communities bordering Great South Bay, Moriches Bay, and Shinnecock Bay.
Coastd communities of the study area are subject to economic losses during severe sorms.
Principal damages to these coastd aress are the result of flooding and erosion associated with
extreme tides and wave action. These sorms, aswell as aternatives that provide for scorm
damage reduction, also have the potentia to affect back bay environments and the species
asociated with them.

As part of thisfederdly authorized effort, the US Army Corps of Engineers, NY Didrict, is
conducting a number of environmenta studies to understand ecosystem function in the study
area. One aspect of the sudiesisthe collection and analysis of basdline data concerning
potentialy affected environments. The Corps is evauating the potentia placement of sand on
barrier idand and mainland beaches to restore sediment transport and to reduce ssorm damage
associated with breaching and overwash. Potentia offshore sand sources, or “borrow areas’,
have been identified (Figure I-1) From 1999 to 2002, seven environmental studies were
conducted to develop an understanding of the physical and biological characteritics of these



stes. Thisinformation will be used in later phases of the anadlysis to eva uate the impacts of sand
removal to the biological and physica resources in the borrow aress.

A tota of 1400 samples were collected including finfish, megainvertebrates, and
macroinvertebrates. 1n addition, water quality was recorded for each sample and sediment grain
sze was collected during the three benthic studies (Table I-1).

These data have been assembled into an M S Access database for ease of use, andyss, and
digtribution. The datawill be used to characterize the physica and biological resources of each
borrow area, and comparative andyses will be performed between and among borrow sites. The
database will be made available to researchers interested in the biologica and physica resources
present in the potentia borrow aress.

For more information about this database, please contact the Howard Ruben, at the US Army
Corps of Engineers, New Y ork Digtrict, Environmentd Andyss Branch (e-mall:
Howard.Ruben@nan02.usace.army.mil

1.0 Trawls

Finfish, squid, and other megai nvertebrates were collected using a 30-foot otter trawl with 1/2”
mesh cod end, which was towed at a speed of 2-3 kt for 0.25 nautical miles. Transects were
located at the 30, 40, 50, and 60-foot contours within and adjacent to the borrow areas (Figure |-
2). Sampling was performed once per month for the duration of each study. Finfish and squid
were weighed, counted, measured, and identified to species. Finfish and squid length and tota
weight by species was recorded for up to 30 individuas per Sation. In cases where more than 30
individuas were collected, the total number was recorded. Therefore, the weight indicated is
adwaystheweaght of 30 or fewer organisms. When the finfish weight was less than 10 g, the

limit of the scale, the database entry isindicated by -9999. Megainvertebrates collected during
trawls were enumerated only.

See Table -2 for alig of dl units of measure used in the database.

2.0 Benthic Grabs

Benthic grabs were collected usng a 0.025- meter square modified Y oung grab.
Macroinvertebrates were identified to the lowest practica identification level, which in most
cases was to the species level. Exceptions include those organiams that were too difficult to
differentiate (such as nemerteans), organisms that were damaged, or those that were too scarce
for pogtive identification. The wet weight of organisms was determined for the mgjor

taxonomic groups identified. Organisms not falling under the four mgjor taxonomic groups of
Anndlida, Echinodermata, Arthropoda, and Mollusca, are included under the heading of “Other.”
In cases where the weight was below the limit of the scdle (0.01g) the value in the database is
indicated by -9999.



Grain szeisindicated by percent type, using size classes of silt, sand, and gravel. The sediment
was anadyzed using a hydrometer based on ASTM methods D 422 and D 2487. Grain Szesand
corresponding U.S. Standard Sieve Sizes are listed in Table [-3.

3.0  Water Quality

Water quaity measurements, including sdinity, temperature, and dissolved oxygen were made
with aYédlow Springs Instruments (Y S) model R85-10. pH was recorded usngthe YS! or an
Oakton Waterproof pH tester. A Secchi disk was used to determine the depth of light
penetration. Water qudity, with the exception of Secchi depth, was measured at the beginning
and end of each trawl. In cases where there was instrument mafunction or measurements were
not made per the sampling protocol (e.g. a benthic stations only bottom water quaity was
recorded), water quality measurements are indicated by 9999 in the database.

4.0 Station | nformation

Geographic location was recorded from a Garmin 45 XL and/or Garmin 185 interfaced with a
Gamin GBR-21 differentid receiver. Although every effort was made to ensure accurate
positioning, inherent errorsin GPS measurements were unavoidable. 1n the case of the Clam
Survey, acommercid clam vessd was retained and station position was recorded with their
shipboard navigation (LORAN C).

When gpplicable, sations are dso identified by the borrow areaiin which they occur. Since
borrow areas are subject to change, this ismeant only asaguiddine. Table I-4 lists borrow area
and the corresponding notation used in benthic sampling.  See the map included with the

database for station locations of grabs, trawl start and end (Figure I-2), and surf clam survey
(Fgurel-3).

Note that athough Shinnecock (SH) benthic stations were sampled as part of Work Order 13,
they areincluded with the rest of Benthos I/11 in Work Orders 10 and 17.

For more information on sampling protocols contact Howard Ruben, Project Biologid, at the
USACE, New York Didrict, Environmenta Anadyss Branch, (e-mall:
Howard.Ruben@nan02.usace.army. mil)

[I. DATABASE DEVELOPMENT

The database was congtructed using Microsoft Access 2000, which was chosen becauseitisa
commonly used database program. MS Access comes as part of the Microsoft Office
Professond Edition bundle or can be purchased separately. It isused by state and federa
agenciesfor digtribution of data. The gppearanceis Smilar to that of MS Excd, which most data
users are familiar with. M'S Accessisdso compatible with MS Excel and tables can be exported



or copied and pasted from the Access database directly into an Excel spreadsheet. Accesswill
perform smple descriptive Satistics such as sum, average, minimum, and maximum. Data can
aso befiltered and sorted within each of the tables before exporting the data for analyss.
Exported data can also be evaluated in statistical processing software such as SPSS, SAS, and
SYSTAT.

In the Access database, data tables are organized by the type of data collected (e.g. invertebrates,
finfish, water quality) and the measurement made (tota catch, length, salinity, etc.). Also

included are species ligts providing common and scientific names of finfish and

macroinvertebrates.



I1l. DATA ANALYSISAND RESULTS

1.0 Data Analysis M ethods

Benthic invertebrate, finfish, and sediment data collected as part of the 1999, 2000, and 2001
FIMP reformulation studies were evaluated to assess:

1. Spatid and tempord differencesin benthic community attributes among potential borrow
aress,

2. Spatid and tempord differences in finfish communities among potentia borrow arees;

3. Spatid and tempord differences in the occurrence of species of interest including,
summer flounder, winter flounder, winter skate, squid, and surf clam; and

4. Spaid differencesin sediment grain Sze digribution.

These four analyses were chosen by the Corps as the result of discussions of how best to present
the utility of the database and Access, while concurrently presenting practica andyses that
provide useful answers for various groups interested inthe FIMP project. Data andysis methods
used in the evauations are summarized in the sections below.

1.1  Benthic Community Analysis

Benthic invertebrate communities in potential borrow areas were evauated based on three
community attributes. taxa richness (number of taxa per sample), dengity (number of individuas
per ), and biomass (biomass per n?). The number of benthic invertebrate samples available
for the andlysisis summarized by area and season in Table 111-1. Each evauation included an
andysis of variance (ANOVA) and hierarchicd dudgter andyss.

A two-way ANOVA modd (potentia borrow areax season) was used to identify statistically
sgnificant differences in each community attribute between eeven potentia borrow areas and
two seasons (fall and spring). The adequacy of the ANOV A moded was evaluated based on
probability plots of mode resduas for each community attribute; density and biomass were
transformed (log(x+1)) to satisfy the normdity assumption of the ANOVA mode. To control
for Typel errors (rgecting a“true’ null hypothes's) resulting from multiple andyses, a
Bonferonni correction was applied to the standard dpha (a) of 0.05 to determine an adjusted
threshold for satidticaly sgnificant differences. A difference was deemed to be Satidticaly
ggnificant if the p-vaue was less than the Bonferroni- adjusted threshold of p=0.0167 (p=0.05/ 3
tests or p=0.0167). When an interaction effect (i.e., potential borrow area x season) was
datidicdly dgnificant (i.e, p<0.0167), a Tukey-Kramer HSD test (Tukey test) was used to
determine Satigtically sgnificant differences between al combinations of potentid borrow areas
and seasons. If the interaction effect was not Sgnificant, but amain effect (i.e., potential borrow
area or season) was Satidicaly sgnificant, a Tukey test was performed to identify significant
differencesin means within the main effect. All satigticd andyses were conducted using
SYSTAT 10.2.



Hierarchica cluster andyss was used to determine the smilarity of benthic communities among
combinations of potentia borrow areas and seasons based on measures of taxa richness, dengty,
and biomass. The objective of cluster andysisisto identify combinations of potential borrow
aress and seasons that have high affinities with each other, thus forming discrete groups or
clusters (Fielou 1984). Similarity of potentia borrow area and season combinationsisillustrated
by adendrogram, which plots the most smilar potential borrow area and season combinations
closest to each other. The most Smilar combinations are linked on the left Sde of the
dendrogram, and the least smilar combinations are linked on the right Sde of the dendrogram.

The clugter andlysis was performed in SYSTAT 10.2 using the geometric means of each
community attribute for each potentiad borrow area and season as input variables into the modd.
The geometric mean is often reported as a measure of location for postively skewed datasets
because it limits the influence of extreme va ues compared to an arithmetic mean, which may be
greatly influenced by extreme vaues (Helsel and Hirsch 2002). Vdues of dengty and biomass
were positively skewed; therefore, the geometric mean was considered an appropriate measure of
location for these datasets. The geometric mean was also used as a measure of location for the
taxa richness dataset to maintain consgstency among dl atributes. Attributes were standardized
based on a sample standard score (z-score) to creaete a common scale between input variables. A
Euclidean distance agorithm was used to measure the distance (or differences) between samples
and average linkage (unweighted-pair group method) was selected as the dgorithm to determine
how clusters were joined.

1.2 Finfish Communities

Finfish data collected during the FIMP reformulation studies were semi-quantitatively eva uated

to assess gpatid and tempord differences in finfish communities between potentia borrow aress
and seasons. Table I11-2 provides a summary of finfish trawls completed as a part of the 1999,
2000, and 2001 reformulation studies by area, season, and depth contour.

The scope of the reformulation studies was sufficient to support a semi-quantitative eva uation of
finfish communities. Variable spatia distributions and cydica population trendsinherent in fish
communities often precludes more rigorous quantitative assessments, particularly in the absence
of long-term, systematic collection of fisheriesdata. For this reason, fish communitiesin the
reformulation study areas were assessed based on semi-quantitative evaluaions to establish a
generd basdine of more common fish specieslikely present and their relative digtributions.

Finfish communities were eval uated based on catch per unit effort (CPUE) asit relatesto
seasons and depth contours. Differencesin finfish communities between potentia borrow areas
and seasons were evauated using graphica comparisons of box and whisker plots that represent
the maximum, minimum, upper and lower quartile, and median values of each datasat:



Maximum

Upper Quartile
Median Interquartile Range (IQR)

Lower Quartile J=

Minimum

The median represents the 501" percentile of sample data; upper and lower quartiles represent the
75" and 25" percentiles of the data, respectively. Theinterquartile range (IQR) is the range of
val ues between the upper and lower quartiles. For plotting purposes, the maximum vaue is the
greatest value that falls between the upper quartile value and the upper inner fence, which is
defined as the upper quartile vaue plus 1.5 timesthe IQR. The minimum vaue is defined asthe
lowest vaue that fals within the lower quartile value and the lower inner fence, defined as the
lower quartile value minus 1.5 timesthe IQR. Vauesthat fdl outsde of the inner fences are
consdered outliers. Vauesthat fal between the inner fences and outer fences, defined as 3.0
times the IQR plug/minus the quartiles, are consdered outside values and are represented as open
circlesby SYSTAT 10.2. Vauesthat fal outsde the outer fences are considered far outside
values and are represented by asterisks.

1.3  Speciesof Interest

The evauation of species of interest involved comparisons of CPUE for summer flounder, winter
flounder, winter skate and squid across dl seasons and four depth contours. The number of
trawls completed as a part of the 1999, 2000, and 2001 reformulation studies for these finfish and
squid are summarized in Table 111-2.

Surf dlam sampling was conducted in August and September of 2001. The number of surf dlam
samples collected is summarized by seasonin Table [11-3. Surf clam abundance was eva uated
based on comparisons of U.S. bushels harvested between potentia borrow aress. It isimportant
to note that at the time of the surf clam survey, areas 2a and 2d (represented as 2ad) were
consdered to be acombined potential borrow area; similarly areas 5aand 5b (represented as
5ab) were considered to be a combined potential borrow area.

CPUE for each species of interest was compared graphicaly usng box and whisker plots as
described in Section 1.2.

14 Sediment Grain Size Distribution

Sediment grain Size data was collected from six potentid borrow areas during the fall

(November) of 1999 and 2000 and the summer (June and July) of 1999 and 2001. A summary of
sediment grain Size samples by area, depth, and season is presented in Table 111-4. Sediment
grain sze distributions were eva uated across potentia borrow areas and depth contours, grain
gze digtributions were also compared between potentia borrow areas and seasons. Box and



whisker plots (Section 1.2) were used to illustrate the range of grave (75 mm to 4.75 mm), sands
(4.75 mmto 75 pm), and fines (< 75 pm) found within each combination of potentia borrow
area and depth or season.



2.0 Results and Discussion

The following sections present the results of the preliminary analysis of benthic invertebrate,
finfish, squid, surf dlam, and grain Size data collected during 1999, 2000, and 2001 of the FIMP
reformulation sudies. The discussion of the results that is provided in these sectionsis intended

to provide an initia description of the reformulation dataand. The andysisisintended to make
genera spatia and tempora comparisons between potentia borrow areas and seasons, but not to
asess potentid ecological impacts.

21 Benthic Invertebrate Communities

21.1. ANOVA

Spatid and tempord differences in benthic invertebrate communities were evaluated based on
two-way ANOVA (potentia borrow areas x seasons) of taxa richness, density, and biomass data.
The results of the two-way ANOVA of taxa richness dataindicate satisticaly significant
differences in the main effects of potentia borrow area and season, but do not indicate a
sgnificant interaction between potential borrow areaand season (Table 111-5). Plots of least
squares means produced in the ANOVA indicate that taxa richness was significantly higher

during spring sampling events (Figure 111-1). Subsequent pairwise comparisons (Tukey tests) of
taxa richness means between potentia borrow areas indicate sgnificantly lower taxarichnessin
areas. 1) 5a& 5b when compared to areas 2a, 2b, 2c, 33, and 7; 2) SH relative to areas 2b, 2c,
33, and 7; and 3) 4a & 4b when compared to area 2c (Table I11-6; Figure [11-1).

Results of the two-way ANOVA of benthic invertebrate dengty data indicate sgnificant
differences in the main effects and the interaction effect of potential borrow area and season
(Tablell1-5). Least squares means plots of each effect are presented in Figure I11-2. The results
of Tukey test pairwise comparisons of the interactions indicate the sgnificant differences

between the combinations of potential borrow area and season (Table 111-7). Invertebrate
densities measured during thefal a 4a & 4b, 5a& 5b, 6a, and SH were significantly lower than
dengities measured in elther season at 2a, 2b, 2¢, and 3a, with the exception of spring samples
from 2aand fal samples from 2b that were not satisticdly different from fal samplesat 4a& 4b
or 6a(Tablelll-7). Invertebrate densities measured at 3a during the spring were significantly
higher than densities measured in either season at 4a & 4b, 5a & 5b, 7, and SH, and fall samples
a 6a, 7a, and 8a (Table I11-7; Figure I11-2). Sgnificant differences between other combinations
of potentia borrow areas and seasons are identified in Table [11-7.

Results of the two-way ANOVA of benthic invertebrate biomass data indicate significant
differencesin biomass between potentia borrow areas;, however, differencesin biomass were not
significant between seasons or interactions of potentid borrow areas and seasons (Table 111-5).
Least squares means plots of each effect are presented in Figure 111-3. Tukey tests comparing the
means of biomass between potentia borrow areas indicate that biomass was sgnificantly lower
in5a& 5b reative to biomassin 2a, 2b, 2c, 7, and SH (Table I11-8; Figure I11-3). Areas 2b and



2c had sgnificantly greater invertebrate biomass relaive to 3a, 4a & 4b, 5a& 5b, and SH (Table
111-8; Figurelll-3).

2.1.2 Hierarchical Cluster Analysis

Hierarchica cugter analysis was used to determine the smilarity of benthic invertebrate
communities among combinations of potential borrow areas and seasons.  The results of the
cluster anaysis based on the geometric mean vaues of taxa richness, dengity, and biomass
produced six clusters of potential borrow area/season combinations (Figure 111-4). Clusters 1
and 2 consg of fal sampling events, with the exception of spring collections at areas 7, SH, and
5a& 5b, which aredl members of cluster 2. Four of five members of cluster 3 are spring
samples, three of which are soring complementsto fal samples contained in clusters 1 and 2.

Fal sampling events at areas 2a, 2b, and 2c were members of cluster 4; spring samples collected
at areas 2b, 2c¢, and 6awere members of cluster 5. Spring and fall sampling events at 3a are the
only members of clugter 6.

The results of the cluster analyss generdly indicate that taxonomicdly richer and more densdy
populated benthic communities are associated with potential borrow area/season combinations
contained in clusters 5 and 6 relative to clusters 1 and 2. The clugter andysis results were
interpreted based on box and whisker plots of the values used to form the clusters (Figure 111-5).
The results indicate greater vaues of taxa richness and density with increasing cluster number; a
gmilar trend in biomass data is observed in clusters 1 through 4, but not clusters5 and 6. The
cluster analysis indicates that regardless of the season, aricher and denser invertebrate
community islikely to be found in area 3a (cluster 6). Decreased invertebrate richness and
dengty are associated with areas contained in clusters 1 and 2, which consst primarily of fal
sampling events. Combinations of potentia borrow areas and seasons found in cluster 3
represent communities of intermediate richness and dengty.

The results of the duster andysis are consistent with the findings of the ANOV A, which
generdly found sgnificantly greater richness and dendty in areas 2a, 2b, 2¢, and 3a (generaly
clusters 4, 5, and 6) and lower richness and density in 4a& 4b, 5a & 5b, and SH (generdly
cugers 1, 2, and 3). Although differences in benthic community attributes have been identified
by the ANOVA and dugter andysis, the ecologica sgnificance of these differencesis uncertain
and will require additiond evauetion.

2.2 Finfish Communities

An evduation of CPUE for dl finfish speciesindicates that sampling events during fal months
generdly yidded more fish than sampling eventsin other seasons (Figure 111-6). CPUE was
generdly consistent across depth contoursin each borrow area, with the exception of area 2a,
where CPUE at the 30 foot contour was generally lower than other contoursin all seasons.
Variability in CPUE was evident at dl depth contours, but appeared greatest in the 30-foot
contour. Trawls at this depth resulted in zero catch in at least one sample during al four seasons
within potentia borrow areas 2aand SH.

10



23  Speciesof Interest

Summer flounder were generdly caught in the grestest numbers during the summer monthsin
area SH (Figure 111-7). Summer flounder were caught a lower ratesin the spring and fdl, and
were caught infrequently during the winter. CPUE of summer flounder was generdly lower a
gationsin the 30-foot contour relative to other contours, CPUE of summer flounder was
generdly consistent among the 40 to 60 foot contours.

Winter flounder were generdly caught during the winter and spring months and found
infrequently during the summer and fal (Figure 111-8). The highest catches of winter flounder
were during the spring in area SH. CPUE of winter flounder was generdly lower a Sationsin
the 30-foot contour relative to other contours, CPUE of winter flounder was generdly consstent
among the 40 to 60 foot contours.

Winter skate were collected at the greatest rate during spring sampling events (Figure 111-9).
Catches of winter skate during other seasons were low relative to spring sampling events, but
were generaly consistent across borrow areas. During the spring, winter skate were collected at
a higher CPUE at stations associated with the 40-foot contour and deeper.

Squid were collected at the greatest rates during fall sampling events, followed by summer
events (Figure 111-10). In the spring, squid catches were generdly limited to deeper water; squid
were collected infrequently during winter. CPUE of squid was generdly lower at gationsin the
30-foot contour relative to other contours, CPUE of squid tended to increase with increasing
depth contours across dl locations (Figure 111-10).

Surf clam were harvested in the greatest numbers at area 2ad relative to other potential borrow
areas that were sampled (Figure 111-11). Harvest at 2ad ranged from 0 to 67 U.S. bushels. The
number of bushdls harvested among the other potential borrow areas was generaly consstent,
with the exception of an extreme harvest of 70 bushelsin SH.

24 Sediment Grain Size Distribution

Sand (4.75 mm to 75 pum) is the predominant substrate across al borrow areas and depths (Figure
[11-12). In generd, sand comprises greater than 90 percent of sediment grain size, with the
exception of outlying samples that generdly had alower percent compostion of sand and higher
percent compaosition gravel and fines. In Fgure 111-12, the 50-foot contour of 4a & 4b appearsto
have alower percent composition of sand and greater percent composition gravel. However,
there islittle data to base any conclusions regarding sediment grain size in the 50-foot contour of
areada & 4b, as only two samples were collected from this depth contour (Table 111-4). With the
exception of outlying samples, sediment grain Size digtribution was generaly consstent across
depth contours. Sediment grain size distributions generdly remained cons stent between seasons
at each borrow area (Figure 111-13).
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3.0 Summary and Conclusions of Data Analysis

31  Summary

Benthic invertebrate communities within the FIMP reformulation study area were evauated

based on ANOVA and hierarchical cluster analysis. The evauation identified combinations of
potentia borrow areas and seasons with benthic communities that were generdly taxonomicaly
richer and more densely populated than benthic communities associated with other combinations
of potential borrow area and season. In generd, greater richness and dengty werefound in
potential borrow areas 2a, 2b, 2¢, and 3a, and lower richness and density werein areas 4a & 4b,
5a & 5b, and SH. Lower richness and population dendity were also generaly associated with
benthic communities observed during fal sampling events.

The sami-quantitetive evauation of finfish communities indicated that overdl CPUE was
generdly greater during the fal monthsin water depth contours greeter than 30 feet. When
consdering finfish of interest, CPUE was generdly lower at stations associated with the 30-foot
depth contour. CPUE for finfish of interest varied by species: summer flounder were caught at a
greater rate during summer months; winter flounder were caught at a greater rate during winter
and spring; and winter skate were caught at a greater rate during spring. Relaive to the other
borrow areas, CPUE for al species tended to be greater at area SH.

Squid were collected at the greatest rates during fal sampling events, followed by summer
events. Squid collection was generdly lower at sationsin the 30-foot depth contour relative to
other contours, particularly during spring sampling. Surf dlam was harvested in greater numbers
at area 2ad relative to the other potentia borrow areas that were sampled. The number of
bushels of surf clam harvested among the other potentia borrow areas was generaly consstent,
with the exception of an extreme harvest of 70 bushelsin SH.

Sand is the predominant substrate across all borrow areas and depths. Sediment grain Sze was
generdly congstent across borrow areas and depths, with the exception of outlying samples,
which generdly had alower percent composition of sand and a higher percent composition
gravel and fines. Sediment grain Sze digtribution was generaly consistent between seasons
within each borrow area.

3.2 Conclusions

This evaduation of benthic and finfish communities, species of interest, and sediment grain 9ze
distribution represents a preliminary characterization of potential borrow areas in the FIMP
reformulation study area. The results of the preliminary characterization identified spatia and
tempord differencesin the biologica characterigtics of the potentid borrow areas. Further
evauations of these differenceswill be necessary to characterize their ecologica significance
and to assess potentid ecologica impacts. The results of this evauation may provide a ussful
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tool in further describing the biologica and physica characteristics of these areas and assessing
potentid ecologicd impacts associated with reformulation activities.
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IV. TABLESAND FIGURES

Tablel-1. StudiesIncluded in Database
Studiesincluded in the USACE Database Compilation and sampling conducted during each effort

Work

Study Title Order # # Samples Dates Sampled Data Type
Reformulation Benthos| 10 275 July - August 1999 invertebrate abundance, biomass
Macrobenthic Invertebrate Analysis water quality
Napeague to East of Fire Island Inlet grainsize
West of Shinnecock Inlet: Offshore 13 192 April 1999 - April 2000 finfish abundance, biomass, age, length
Borrow Area Multi-Species Sampling (no sample Jan. 2000) invertebrate abundance

water quality
Reformulation Benthos 1 17 275 November - December 1999 invertebrate abundance, biomass
Napeague to East of Firelsland Inlet water quality
Benthic Invertebrate Survey grainsize
Reformulation Benthos 1 2 130260 November 2000 & invertebrate abundance, biomass
WOS! to East of Firelsland Inlet June 2001 water quality
Benthic Invertebrate Survey grainsize
WOQOSI and Cherry Grove: 23 192 May 2000 - April 2001 finfish abundance, biomass, age, length
Multispecies Sampling invertebrate abundance

water quality
Surf Clam Survey 24 240 August - Sept 2001 surf clam abundance (bushels), width
Cherry Grove Offshore Borrow Area 25 96 May 2001 - April 2002 finfish abundance, biomass, age, length
Finfish Sampling Year 3 invertebrate abundance

water quality
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Tablel-2: Database Parameters and Units of M easur ement

Parameter Units
HAinity ppt
Temperature ° Cddus
Secchi Feet

Station Depth Feet
Length Millimeters
Waeaght Grams
Position Decimd Degrees

Sample Volume Milliliters
Dissolved Oxygen milligramg/Liter

Fish Age Year class

Clam Width Millimeters

Tablel-3: Grain Sizes
Grain gze according to ASTM method D 422.

U.;;teagiiaerd Grain Size Classification
2
3 75.00 mm
1y 37.50 mm Gravel
eZ4 19.00 mm
3/ 9.50 mm
#4 4.75 mm
#10 2.00 mm
#20 850 um
#40 425 um <ond
#60 250 um
#100 150 pum
#200 75 um
<75 um Silt or Clay
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Tablel-4: Borrow Areas, Location, and Benthic Station

I dentification
Borrow Area Location Benthic Station 1D

2a Water Idand Wi

2b Fire ldand Pines FIP
2c Cherry Grove CG
3a Bayberry Dunes BD
4a& 4b Westhampton West WHW
5a& 5b West Hampton WH
6a Agawam Lake AL

7 Hook Pond HP
7a Georgica Pond GP

8a Beach Hampton BH
SH Shinnecock SH

IB Inter- Borrow Areas IB
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TABLE IlI-1
NUMBER' OF BENTHIC INVERTEBRATE SAMPLES BY AREA AND SEASON

Potential Borrow Number of Samples

Area Fall Spring Total by Area:

2a 38 38 76

2b 27 26 53

2c 53 53 106

3a 23 24 47

4a & 4b 35 34 69

5a & 5b 51 46 97

6a 10 10 20

7 41 42 83

7a 10 10 20

8a 20 20 40

SH 65 60 125

Total by Season: 373 363 736

Notes:

1, Numbers represent total samples collected at each area and season during
years 1999, 2000, and 2001.
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TABLE llI-2
NUMBER" OF FINFISH TRAWLS BY AREA, SEASON, AND DEPTH CONTOUR

Number of Samples

Potential
Borrow Season: Fall Winter Spring Summer
A Total by Area:
rea Depth Contour| 30 ft | 40 ft | 50 ft | 60 ft | 30 ft | 40 ft | 50 ft | 60 ft | 30 ft | 40 ft | 50 ft | 60 ft | 30 ft | 40 ft | 50 ft | 60 ft
2a 12 | 6 6 | — | 12| 6 6 | — | 11| 6 6 | — | 12| 6 6 | — 95
2b — | 6 6 | — | —- | 6 6 | — | — | 6 6 | — | —- | 6 6 | — 48
2¢ | - 2] - - -2 - - -2 -] -] = 12 48
SH 24 | 12 | 24| 12| 20| 9 | 19| 9 | 26 | 14 | 26 | 14 | 27| 13 | 27 | 13 289
Total by Season: 120 105 127 128 480

Notes:

1, Numbers represent total trawls conducted at each area, season, and depth contour during years 1999, 2000, and 2001.

---, No data collected.
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TABLE III-3
NUMBER" OF SURF CLAM SAMPLES BY AREA

Potential Borrow Number of
Area Samples
2AD 56
2B 28
2C 28
3A 28
4A 16
5AB 28
8A 28
SH 28
Total: 240
Notes:

1, Numbers represent samples collected
in August and September 2001.
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TABLE IllI-4
NUMBER" OF SEDIMENT GRAIN SIZE SAMPLES BY AREA, DEPTH, AND SEASON

Potential Borrow Station Depth Contour Total by Area:
Area 30ft | 40ft | 50ft | 60 ft
2a 2 4 4 10
2b 2 8 10 20
2¢ 39 39
4a & 4b 10 2 18 30
5a & 5b 22 14 2 2 40
SH 16 28 26 60 130
Total by Depth: 40 58 42 129 269

_ Number of Samples
Potential Borrow Season
Area Total by Area:
Fall | Spring
2a 5 5 10
2b 10 10 20
2c 20 19 39
4a & 4b 15 15 30
5a & 5b 20 20 40
SH 65 65 130
Total by Season: 135 134 269

Notes:
1, Numbers represent total samples collected at each area, season, and
depth contour during years 1999, 2000, and 2001.
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TABLE IlI-5
RESULTS OF TWO-WAY ANOVA (POTENTIAL BORROW AREA X SEASON) OF BENTHIC INVERTEBRATE
TAXA RICHNESS, DENSITY AND BIOMASS DATA

Taxa Richness:

Source Sum-of-Squares df Mean-Square | F-ratio P
AREA 1799.194 10 179.919 10.291 <0.001
SEASON 894.433 1 894.433 51.157 <0.001
AREA*SEASON 359.192 10 35.919 2.054 0.026
Error 12483.551 714 17.484
Density:

Source Sum-of-Squares df Mean-Square | F-ratio P
AREA 26.963 10 2.696 14.733 <0.001
SEASON 3.928 1 3.928 21.462 <0.001
AREA*SEASON 7.024 10 0.702 3.838 <0.001
Error 130.668 714 0.183
Biomass:

Source Sum-of-Squares df Mean-Square | F-ratio P
AREA 31.707 10 3.171 7.928 <0.001
SEASON 1.495 1 1.495 3.739 0.054
AREA*SEASON 6.16 10 0.616 1.54 0.121
Error 285.575 714 0.4

21




TABLE 1lI-6
MATRIX OF PAIRWISE COMPARISONS (TUKEY TEST) OF BENTHIC INVERTEBRATE TAXA RICHNESS BETWEEN
POTENTIAL BORROW AREAS

Matrix of Pairwise Comparisons (Tukey HSD):

Qo © < | <
N o | M| N|®

SH

(8] ©
N ™

2a
4a & 4b
5a & 5b

2a \
2b - \
2c N
3a — - -
4a&4ab || | - | X |~ ™
5a&5b || X | X | X q
6a - -] - -] -
7 - - X - S
8a — [ =-1T-1-1-1T-1T-1T-1T-D\

SH - x I x ] -] x -] - NN

Key: X = Significant Difference (p < 0.05); -- = No Significant
Difference; F = Fall Sampling Event; S = Summer Sampling Event
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MATRIX OF PAIRWISE COMPARISONS (TUKEY TEST) OF BENTHIC INVERTEBRATE DENSITY

TABLE Ill-7

Matrix of Pairwise Comparisons (Tukey HSD):

I-LI wl
@© @©

2b_F

2b_S

2C

2c S

3a F

3a_S

Ma & 4b_S

Ma & 4b_F
ba & 5b_F

ba & 5b_S

(6a_F

2a F
2a_ S
2b F
2b S
2c F
2c_S
3a F
3a_S

da & 4b_F
da & 4b_S
5a & 5b_F
5a& 5b_S
6a F
6a_ S

7 F

7S

7a_F
7a_S
8a F
8a S
SH_F
SH S

\(\I\N
™

wn LL )] LL
LL wn | |
© | © © ©
| ol ~ ol ] o
S
N
I xI x| -1 -=-1-

ol 4 %

<l Tl T
| 0] Nl O
Y

X\

- x\\

Key: X = Significant Difference (p < 0.05); -- = No Significant Difference; F = Fall Sampling Event; S = Summer
Sampling Event
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TABLE IlI-8
MATRIX OF PAIRWISE COMPARISONS (TUKEY TEST) OF BENTHIC INVERTEBRATE BIOMASS BETWEEN
POTENTIAL BORROW AREAS

Matrix of Pairwise Comparisons (Tukey HSD):

o
N

2a

2c

3a
4a & 4b
5a & 5b

6a

7

7a

8a

SH

2a \
2b -- \
2c - | -
3a -1 X
4a & 4b - | X
5a & 5b X[ X
6a - | -

7 - - X I
S el e e e el e

SH o D S I ' I I I I N

Key: X = Significant Difference (p < 0.05); -- = No Significant
Difference; F = Fall Sampling Event; S = Summer Sampling Event
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FIGURE |-1
MAP OF POTENTIAL BORROW AREAS

1200000 1220000 1240000 1260000 12850000 1300000 1320000 1340000 1360000 1380000 1400000 1420000 1440000 1460000 1430000 1500000 1520000 1540000

= : - W a& I —
Lo™™ o e b S s - CRESSEIY S o
320000 4 + + + + + -+ - + + SR .0 ol SRR (R B - -+ -0
) LT . . B o
AV | el S

e Y LY F EASTHAMPTOMN
300000 4 + + + + + + + + + s 4+ S+ - = - + | 300000

~feie - Y. T S /.f'( by g“ : ),2* > |

| im0 : RIVERHEAD vz L4 I(L? g ,ﬁ"ép_.-f*' ‘an
280000 4 + f t = 1 - - R =+ Fa bl S T o | ke
.---":F;FF ﬁn—,—"‘r"‘_\"‘-nlﬁ._?l—’ T, Y \{SJ l"u\ 7
[ 7 .ijﬁm1 i fiilt.f,

W " g e 7A (Alternate)

i LooapT O T 260000
Gl [0 T By, Ty s - - - + -
HTOWMN EROOKHAVEN 4] - ey it @
o e
2400004 + i i 1 I 3 1 &N f !‘.'!: -1?..-.;1:'__':-'-:7:':-- - T III"-_ o 4 o E & 000K
- X b l\}r\ Y T 70 wosl ¥
/ ! ?A@&s%ﬁﬂ*ﬂ#

el [ f vt i"fl Y }Eg’: & ﬁg + “3hn -&Nﬁ S5 + T = A = fa2ee

# I‘r"""-u"‘af £ ;}n e, \\“
- ‘liu-]'—"f" it o o
; BT -1-'"?"-'" ;
200000 PRk Ay £ . 1 + .TH,-}EP‘ o = s = s HE + + - = |-200000
o a 0
GREM T o gp‘*“k;:: Assorted Borrow Areas
e
160000 f S el 1 "B"m s s s fik it i + D Clam Survey Areas, 2001 180000
T q A
— % i y - Propossd FIMP Borrow Areas, 2000
" \ Borrow Area T
160000 -+ il T 28 . —+ i + in T I Tl + | - . 160000
2C B =2
140000 4 - + " + + + + - e i i T + it + + Jreoo0

Leet

1700000 1220000 1240000 1280400 1230000 1300000 1320000 1340000 1360000 1380000 1400000 1420000 1440000 1450000 1430000 1500000 1520000 1540000

Coordinate System: New York State Plane, Long Island Zone, NADS3. Units: feet

25



o e b

FIGURE |-2
BENTHIC GRAB AND TRAWL SAMPLE LOCATIONS
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FIGURE |-3
SURF CLAM SURVEY SAMPLE LOCATIONS
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FIGURE II-1
BENTHIC INVERTEBRATE TAXA RICHNESSANOVA: PLOTSOF LEAST SQUARES
MEANSOF AREA, SEASON, AND AREA X SEASON INTERACTION EFFECTS
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Density (log (x+1) individuals per square meter

FIGURE I1-2

BENTHIC INVERTEBRATE DENSTY ANOVA: PLOTSOF LEAST SQUARESMEANSOF
AREA, SEASON, AND AREA X SEASON INTERACTION EFFECTS
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Biomass (log (x+1) grams per square meter)

FIGUREI11-3
BENTHIC INVERTEBRATE BIOMASSANOVA: PLOTSOF LEAST SQUARESMEANSOF
AREA, SEASON, AND AREA X SEASON INTERACTION EFFECTS
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Geometric Mean Taxa Richness
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FIGURE IlI-4

BASED ON THE GEOMETRIC MEANS OF TAXA RICHNESS, DENSITY, AND BIOMASSFOR
EACH COMBINATION OF POTENTIAL BORROW AREA AND SEASON
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CPUE (fish per hour trawl)

CPUE (fish per hour trawl)

FIGURE I11-6

CATCH PER UNIT EFFORT (CPUE) OF ALL FINHSH BY SEASON, POTENTIAL BORROW
AREA, AND DEPTH
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CPUE (fish per hour trawl)

CPUE (fish per hour trawl)

FIGURE II-7

CATCH PER UNIT EFFORT (CPUE) OF SUMMER FHLOUNDER BY SEASON, POTENTIAL
BORROW AREA, AND DEPTH
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CPUE (fish per hour trawl)

CPUE (fish per hour trawl)

FIGURE I11-8

CATCH PER UNIT EFFORT (CPUE) OF WINTER FLOUNDER BY SEASON, POTENTIAL
BORROW AREA, AND DEPTH
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CPUE (fish per hour trawl)

CPUE (fish per hour trawl)

FIGUREI11-9

CATCH PER UNIT EFFORT (CPUE) OF WINTER SKATE BY SEASON, POTENTIAL
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CPUE (fish per hour trawl)

CPUE (fish per hour trawl)

FIGURE I11-10
CATCH PER UNIT EFFORT (CPUE) OF SQUID BY SEASON, POTENTIAL BORROW AREA,

AND DEPTH
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FIGURE Il1-11
SURF CLAM (USBUSHEL S) COLLECTED IN POTENTIAL BORROW AREASDURING
AUGUST AND SEPTEMBER SAMPLING
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Percent Composition of Sediment

Percent Composition of Sediment

FIGURE I11-12
GRAIN SZE DISTRIBUTION OF SEDIMENT IN POTENTIAL BORROW AREASBY DEPTH
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Percent Composition of Sediment

Percent Composition of Sediment

GRAIN SZE DISTRIBUTION OF SEDIMENT IN POTENTIAL BORROW AREASBY SEASON
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VI. DATABASE USER’'S GUIDE

1.0 General Overview

Upon opening the database the user is presented with a switchboard or “welcome window”
offering severd optionsincluding Go to Database, About FIMP, and Contact Information.

Ll Microsoft Aocess

Fie Edt Wew Ieswt Fomst  Eecords Took Window  Help
Taroma - & ='"'F I | E=

: = z ¥ 4
M-l E&DY P mR R R FET A e R B[

B= | Main Switchbazrd

LL 5, Army Caorps of Enpineers
Muea Work DMstrict

Borow Area Conparison Database +1.3

Feoruary Z00%

Abaut FIHP

Cortact Information

Fom Yisw WUk

Wedcome window
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Choosing Go to Database brings the user to the Database Window which shows dl tables
included in the database:

Microsoft Access

- File Edit Wiew Insert Tools Window  Help Type a question for help =

Dt AV 2R - & & e F sE- 0.

open [ Design 5 1e0
Objects Mame I Descripkion

| Tables

se Infarmation
Fish Age
Fish Catch
Fish Lengths
Fish Species List

Queties
Forms

Repoarts

Pages Grain Size

Invertebrate Catch
Macros

Invertebrate Species List

hHEs 0 E G

Digaltles Invertebrate Weights

Groups Squid Catch

3] Favorites

Squid Lengths

Station Info

Surf Clam Survey
Switchboard Ttems
Water GQuality

Eadl

Ready TR

Database Window
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Opening the Fish Catch table:

J Microsofi Access - [Fish Catch : Table]

] Ak Bt Mew Ineet Forna  Becnk  Tock  Window  Hen ; [
- H49 S0y i RE L | & o | o B o By R
Proect® | month | par | vesr | Lat | Lon | swin | Amas Specles Total tumt]  weight | Gomments |£|
¥ (B = 2z ZI00, 40 AI90F3  TR4454|T404  owaide SH | Anchos hepsshus 6 15
] 12 2 2z 2000 &0 BESBER 72 A7AZE T-40-D  OUSi0ESH | Anchos hepssii 4 15
13 z 2z Z000 40 BI0GE3 -7Z AZ3ZA|T-E0-H  SH Erevnatia branmus = 15
] 12 2 2z 2000 40.065917 -72OTERIT-A0-D  outmide SH | Anchos hepestus g 0
E z 2z FI00 40 RIZEIT  TRAATH TN outsie SH Anchos hepsani In an
] 12 2 2z 2000 40.830623 -7242020T-60-8  GH AnChDa hepeats 12 a3
15 : 2z EI00 £0 BGOOET -7 E948Z TA0-0 SH | Anchoa hepsatis & 100
[] 12 2 a2 2000 $0.067023 7236495 TR0 outside SH Encvaotia Grarnus 1 100
12 2 2z 2000 408425 72.E204ETE0C  SH Anchoa hepsatus 20 16
2] 1% 2 b 2000 40045467 -T2AZTIBT40-E  SH Anchoa hepsaius EE 160
12 o % 2000 40 BAGEET. -YEAZVGR TA40-B  (SH Fseudoplawronactes & 1 326
E 13 z b 2000 40543 -TZSR42(T-0C SH Faeudopleuronectes & 1 400
] 12 2 2 2000 40 BAG0ES  Fradod T40.e  oubside SH .F":m.luoplnunnm:tn-: E 1 a0
2] 13 z P 2000 d0A4BES. -7Z43573(T-30-B  SH Fajs ernacas 1 530
] 12 2 2 o000 ADEETZ FRLANEE[T-40-0  SH Paeudeplecronectes ar 1 850
13 z 2z ZO0D 40.899063  -TRLASL|T-0-5  owtside SH | Fals ocallata 1 A0
[ 12 g 22 2000 40 0A23E3 -77A0092(T-20C  SH Faja oceilats 1 G20
13 e 2z P00 40.032017  -TRAATH|T-G0-5  outside SH | Fals ocellata 1 AS0
] 1a 2 P 2000 40 B40REF  -7% 42063(T-60-H  SH Faaja ernacea 1 B8O
13 z 2z ZI00 40.AZ4717 -T2 44386 T-G0A  Owtalde SH | PReudoolELPInActEs 6 a 675
El 12 2 2 2000 A0EETZ  FRAEET-40C  SH Fala ocaiiata 2 700
13 2 2z 2000 40 B4EAET 77 AZ7SRT40-B  SH Fala arnaces = 1000
] 12 2 2 2000 400501 72 EPIET TAD-D outsige SH | PeeuncpleLrorectes e z 1000
[] 13 2 22 2000 40 A24717 72 A4385(T-605  owtside SH | Rala orkaces = 1100
[ 12 2 2z 2000 40.040867 -7242082T-S0-E SH Faja ocallata 2 1200
i) E z 2z FM00 40 RGOGRT  -7F EA4RZ|T-60-C SH Freuioplaurnnactss a & 1460
] 12 2 2z 2000 40.065033 -T2OTAZBT0-D outside SH | PeeudcoleLronEctes s & 1500
E z 2z FM00 40 RA0OEE  -7TF AZAZRT-AOE SH FaeuioplaLrnnactss ar A 1500
[ 12 2 2z 2000 A0803F 7229042600 SH Fala ocallata 2 1500
= 1= Z az Z00O 40.B6TEEZ -7Z. 25436 T-&H0-0 outside SH Frseudoplawronactes ar =3 1680 -
[peeerd: W T e Lt e of 3207 ]
Efnteaian === HLE
Fish Catch Table

Each table contains the |atitude, longitude, and date of the samplein M/D/YYYY format. Inthis
way, each table could be exported and analyzed without requiring a query to be performed to
extract sample information from the Sation Info table. A comments column isincluded with
each table for field notes.



A limited number of queries have been built in to the database to provide summary informeation
for sdlected data tables. The queries provide summaries of abundance and taxa richness' for fish,

invertebrate, and squid datatables. To access these queries, select Queries from the list of
objectsin the Database Window:

e R R L T T -~ almlx
Dbl abfhs| s mmet]— W gh-[ 5 ogm-| 5,
| X 6y T EE

e [orarmm | vt [ crmptems [ I
T crmutn gty v D s

W] Creste vy b wirg rard

[ . DN S TH TR e T W Dy ] G
B ik Sbaratarin S o (his] ey e A AT SR PN ey Seket (s
B P el Wk Purder WL 3% 5T B STV A4 28T ey Teloed Gy
[ DA LN W AT I i Bk G
W ek Tacs Fairas AL i T A L e N0 0 (e Tt (R
B it ste Emrciree_Gash Lrin T 7 A T L0 B 12 P ey S Ty
B s S el e 1 L 1 300 N AT P o T (i
W Irveriutestn s Kirbrmas G Saroies T2 7 |30 T 20t % e 158 (g St (nmy
B et sie Tos Bk, Tosd Sagies HTUEA AT TI AR B 1T Py M Ty
& e sarcarcs LN Lafi e I A s Sy 1 (s

To run the query, double-click on the sdlected query and the results will autometicaly be
displayed.

! Richness cal culations assume that all identified organisms represent distinct taxa. This assumption may introduce

limited error into the calculations (inflated estimates) if these organisms actually belong to lower taxonomic levels
identified within the same sample.



2.0 Other Documentation
There are saverd other documents included with the Database:

Map of Potential Borrow Areas. indicating gpproximeate location of borrow aress.

Benthic Grab and Trawl Sample L ocations. showing the location of trawl transects and
benthic grabs.

Surf Clam Survey Sample Locations. showing the locations of stations sampled during the
surf dam survey.

Summary of Database Tables and Parameters. listing dl tables included in the database and
the parameters and projects in each.
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