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The New Hampshire Estuaries Project (NHEP) is part of the U.S. Environmental
Protection Agency’s National Estuary Program, which is a joint local/state/federal
program established under the Clean Water Act with the goal of protecting and
enhancing nationally significant estuarine resources. The NHEP is funded by the EPA and
is administered by the University of New Hampshire.

The NHEP’s Comprehensive Conservation and Management Plan for New Hampshire’s
estuaries was completed in 2000 and implementation is ongoing. The Management Plan
outlines key issues related to management of New Hampshire's estuaries and proposes
strategies (Action Plans) that are expected to preserve, protect, and enhance the State's
estuarine resources. The NHEP's priorities were established by local stakeholders and
include water quality improvements, shellfish resources, land protection, and habitat
restoration. Projects addressing these priorities are undertaken throughout NH's
coastal watershed, which includes 42 communities.

Every three years, the NHEP prepares a State of the Estuaries report with information
on the status and trends of a select group of environmental indicators from the coastal
watershed and estuaries. The report provides the NHEP, state natural resource
managers, local officials, conservation organizations, and the public with information on
the effects of management actions and decisions.

Prior to developing each State of the Estuaries report, the NHEP publishes four
technical data reports (“indicator reports”) that illustrate the status and trends of the
complete collection of indicators tracked by the NHEP. Each report focuses on a
different suite of indicators: Shellfish, Water Quality, Land Use and Development, and
Critical Habitats and Species. All of the indicators are presented to the NHEP
Technical Advisory Committee, which selects a subset of indicators to be presented to
the NHEP Management Committee and to be included in the State of the Estuaries
report. The Management Committee reviews the indicators and finalizes the list to be
included in the report. Between 10 and 20 indicators are included in each State of the
Estuaries report. The 2006 Critical Habitats and Species Indicator Report is the second
NHEP indicator report on this subject. Data from this report will be used in the 2006
State of the Estuaries report.

The following sections contain the most recent data for the |0 habitat and species
indicators tracked by the NHEP. In some cases the NHEP funds data collection and
monitoring activities; however data for the majority of indicators are provided by other
organizations with monitoring programs. The details of the monitoring programs and
performance criteria for the indicators are listed in the NHEP Monitoring Plan (NHEP,
2004).

The results and interpretations for the indicators presented in this report have been
peer reviewed by the NHEP Technical Advisory Committee and other experts in
relevant fields. The Technical Advisory Committee consists of university professors,
researchers and state and federal environmental managers from a variety of disciplines
and perspectives. The conclusions of this study represent the current scientific
consensus regarding conditions in New Hampshire’s estuaries.

March 2006
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Monitoring Objective

The objective of this indicator is to report on the total area of the coastal watershed
covered by salt marshes as well the area of salt marshes that are degraded due to
invasive species or tidal restrictions. This indicator answers the following monitoring
questions:

Has there been any significant net loss or degradation of tidal wetlands
in NH?

Has the acreage of invasive species (phragmites, purple loosestrife) in
NH salt marshes and wetlands significantly changed over time?

Measurable Goal

The goal for this indicator is to have the total area of salt marsh in the coastal
watershed greater than or equal to 6,200 acres.

Data Analysis and Statistical Methods

Salt marshes were mapped in 2004 by Normandeau Associations under contract to the
NH Coastal Program. The 1:24,000 maps were derived from color infrared imagery
(CIR) flown during the spring of 2004. Under the Cowardin classification system, salt
marshes were classified as Estuarine-Intertidal-Emergent (Class “E2EM”). ArcView/
Arcinfo software was used to calculate the total acreage covered by E2EM wetlands in
the coastal watershed. This total was compared to the goal of 6,200 acres. In addition,
the areas of degraded salt marshes due to invasive species (phragmites, purple
loosestrife) were summarized. The results were reported for the coastal watershed as
a whole as well as for three sub-areas: Hampton/Seabrook Harbor, Atlantic coast and
Portsmouth Harbor, and Great Bay and its tributaries. A rigorous statistical test was
not possible for this indicator because the uncertainty for the salt marsh mapping
process was unknown.

Results

The total area of salt marsh in the coastal watershed in 2004 was 5,554 acres, which is
less than the NHEP goal of 6,200 acres (Table 1). The majority of the salt marsh
acreage was in Hampton/Seabrook Harbor (60.8%) (Figure 1). The remainder was
spread out along the Atlantic Coast and Great Bay shorelines.

For historical comparison, it is possible to use the National Wetlands Inventory (1991)
and salt marsh maps created by UNH (1990-1992). The National Wetland Inventory
(NWI) represents “baseline” conditions for wetlands covering greater than 3 acres as
published in 1991 using pre-1991 imagery. The total area of salt marsh wetlands
included in the NWI in 1991 was 5,620 acres. Additional tidal wetland mapping around
Great Bay and its tributaries was completed by the UNH Jackson Estuarine Laboratory
under contract with NH Office of State Planning. Wetlands were mapped on aerial
photograph enlargements (1:2,400) collected between 1990 and1992. The UNH



NewHam hire

Estuarles

ject  Environmental Indicator Report: Critical Habitats and Species

mapping project was completed on a larger scale than the NWI so it identified salt
marshes which were not included in the NWI. After the NWI and the UNH maps
were merged, the total area of salt marsh mapped in the 1990-1992 coverages was
6,452 acres.

The merged 1990-1992 salt marsh coverage was compared to the 2004 coverage to
identify changes between the periods (Table 2). There were a total of 1,578 acres of
salt marsh in the 1990-1992 coverage that were not included in the 2004 coverage.
Conversely, 681 acres of salt marsh were mapped in 2004 which did not appear on the
1990-1992 maps. Most of the discrepancies were smaller than | acre in size and
occurred around the edges of salt marsh stands. However, it is unclear if these small
discrepancies represent actual changes in salt marsh extent or the result of irreducible
error in the mapping method. The larger discrepancies appeared to be created by
different mapping protocols. For example, the 2004 coverage mapped the presence of
phragmites and cattails in salt marshes while the older maps did not.

Overall, there were more salt marshes mapped in 1990-1992 than in 2004. However,
due to the difference in the mapping techniques, it is not appropriate to draw
conclusions about changes in the salt marsh acreage between these two periods. The
two datasets should be studied in detail to understand the reasons for the
discrepancies.

Phragmites stands covered 133 acres of salt marsh habitat in 2004 (Table ). There
were a total of 351 unique phragmites stands. The average size of a stand was 0.38
acres. These numbers do not include the large phragmites stands in the Great Bog,
which were mapped in 2004 even though they are not salt marshes. The distribution
of phragmites was similar to the distribution of salt marshes with one exception.
There was relatively more phragmites along the Atlantic coast and Portsmouth Harbor
than other areas (see footnotes 3 and 4 in Table I).

March 2006
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Total Coverage | Number of Unique | Average Size of
Wetland Type (acres) Stands Stands (acres)
Salt marsh 5,554 Not applicable Not applicable
Phragmites 133 351 0.38
Purple loosestrife 6 14 0.45
Cattail 202 122 1.65
Comblngtlon of phragmltes, 31 19 163
loosestrife or cattail

1. Totals based on summation of the following Cowardin classes
-Salt marsh: E2 EM1, EM/5, EM/PSS1
-Phragmites: P, EM/P, P/5
-Loosestrife: L
-Cattail: T, EM/T
-Combination: L/T, L/T/5, T/L/P, T/P
2. Data provided by NH Coastal Program, contracted to Normandeau Associates
3. The salt marsh total acreages in different parts of coastal NH are:
-Hampton/Seabrook Harbor: 3,379 (60.8%)
-Atlantic Coast and Portsmouth Harbor: 978 (17.6%)
-Great Bay and Tributaries: 1,197 (21.6%)
4. The phragmites total acreages in different parts of coastal NH are:
-Hampton/Seabrook Harbor: 59.1 (44.5%)
-Atlantic Coast and Portsmouth Harbor: 42.0 (31.7%)
-Great Bay and Tributaries: 31.6 (23.8%)

Table 2: Comparison of salt marsh coverages from 1990-1992 and 2004

STATISTIC RESULT
Area of salt marsh (2004) 5,554 ac
Area of salt marsh (1990-1992) 6,452 ac
Salt marsh in both 2004 and 1990-1992 4,874 ac
Salt marsh in 2004 but not 1990-1992 681 ac

- in features <I ac 376 ac (n=3332, ave=0.1 ac)

- in features 1-10 ac 294 ac (n=149, ave=2.0 ac)

- in features >10 ac Il ac (n=1)

Salt marsh in 1990-1992 but not 2004 1,578 ac

- in features <| ac 666 ac (n=7067, ave=0.| ac)

- in features 1-10 ac 793 ac (n=324, ave=2.4 ac)

- in features >10 ac 119 ac (n=8, ave=14.9 ac)
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Figure |: Salt marsh extent in Hampton/Seabrook Harbor
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Monitoring Objective

The objective of this supporting variable is to track the area of eelgrass present in the
Great Bay Estuary and its tributaries. Water clarity is one of the main factors affecting
the distribution of eelgrass. However, eelgrass can be affected by other factors such
as disease on a rapid temporal scale. This indicator provides information relevant to
the following question:

March 2006

Has eelgrass habitat in Great Bay changed over time?

Measurable Goal

Eelgrass distribution is a supporting variable so a measurable goal has not been
established.

Data Analysis and Statistical Methods

The method for eelgrass mapping in the Great Bay Estuary generally followed the
standardized "C-CAP" protocol for mapping submerged aquatic vegetation (Coastal
Change Analysis Program, NOAA). The aerial photographs were taken at both 3,000
ft and at 600 ft at low spring tide with roughly 60% overlap on a calm day without
preceding rain events and when the sun was at a low angle to minimize reflection
(between 7 and 10 am). The photographs were near-verticals, taken with a hand-held
35mm camera, which deviates from C-CAP's protocol, but follows a published method
(Short and Burdick, 1996). Photographs were taken in late summer, usually late
August or early September, depending on tides and weather, to capture the time of
maximum annual eelgrass biomass. Ground truthing was done from a small boat at the
same season as the photographs were taken. Observations were made at low tide.
Samples were collected with an eelgrass sampling hook. Positions were determined
using GPS. The ground truth surveys assessed ten to twenty percent of the eelgrass
beds in the estuary. The photographs, in the form of 35mm slides or digital computer
images, were projected on a screen and the eelgrass images were transferred to a base
map. Each eelgrass bed was assigned a density based on visual observation: partial (10-
30% cover), half (30-60% cover), some bottom (60-90% cover) and dense (90-100%
cover). These maps were then digitized and verified using the ground truth data by
placing the GPS points onto the digital image in ArcInfo.

For data analysis, ArcView/ArcInfo software was used to calculate the area of eelgrass
coverage in each year in the different sections of the Great Bay Estuary (Table 3). For
the purposes of calculating acreage totals, all areas mapped as being eelgrass by UNH
were included equally in the total regardless of the eelgrass density. The total areas of
eelgrass in different density classes in Great Bay were also tracked over time.
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Table 3: Eelgrass assessment zones
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Area Zone of eelgrass quantification

Squamscott and Lamprey upstream of a line connecting Sandy Point and Moody’s

Rivers Point

Oyster River upstream of a line across the mouth of the Oyster River

Bellamy River upstream of the Bellamy River Bridge

Great Bay from boundary of Squamscott/Lamprey Rivers to Adams
Point

Little Bay from Adams Point to Gen. Sullivan Bridge minus Oyster
and Bellamy Rivers

Piscataqua River from 1-95 bridge to Gen. Sullivan Bridge and up the
Piscatagua River

Portsmouth/Little Harbor from 1-95 bridge across the Piscataqua to the Atlantic
Ocean

The yearly eelgrass coverages between 1990 and 2003 were overlayed to evaluate the
frequency of occurrence of eelgrass at specific locations. Spatial Analyst, an extension
to Arclnfo, was used to split the eelgrass polygons into unique grids. One grid was
created for each year. A final coverage was calculated by adding the grids together,
resulting in a single coverage that show total years of eelgrass presence. Summary files
were created that documented the presence of eelgrass of any density and the
presence of dense (greater than 90% cover) eelgrass. Eelgrass in Great Bay has been
mapped yearly since 1986 (and annually since 1990 with consistent density
classifications). In contrast, Little Bay and the Piscataqua River have only been mapped
six times since 1996. Therefore, the frequency of occurrence calculations were
conducted separately for Great Bay and for Little Bay/Piscataqua River-.

Results

Eelgrass (Zostera marina) is an essential habitat for the estuary because it provides food
for wintering waterfowl and habitat for juvenile fish (Thayer et al. 1984, Short 1992).
Eelgrass filters estuarine water and stabilizes sediments. Eelgrass detritus is part of the
estuarine food chain (Thayer et al. 1984). The UNH Seagrass Ecology Group has
mapped the distribution of eelgrass every year from 1986 to 2003 in the Great Bay.
The entire Great Bay Estuary system (Great Bay, Little Bay, tidal tributaries, Piscataqua
River, and Portsmouth Harbor) was mapped in 1996 and from 1999 through 2003.
Table 4 summarizes the acres of eelgrass in each assessment zone from 1986-2003.
Figure 2 and Figure 3 show the trend in eelgrass cover in various locations over time.

Total eelgrass cover in Great Bay has been relatively constant for the past 14 years at
approximately 2,000 acres. In 1989, there was a dramatic crash of the eelgrass beds
down to 300 acres (15% of normal levels). The cause of this crash was an infestation of
a slime mold, Labryrinthula zosterae, commonly called “wasting disease” (Muehlstein et
al, 1991). The greatest extent of eelgrass was observed in 1996 (2,421 acres) following
several years of good water quality (Fred Short, pers. comm.). The current (2003)
extent of eelgrass in Great Bay is 1,592 acres, which is substantially less than the
maximum extent observed in 1996. Between 1998 and 2003, the eelgrass coverage
declined, except for one good year in 2001.
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Trends are harder to discern in areas other than Great Bay, except in the Piscataqua
River where there has been a decline since 1996 (Figure 3). The eelgrass extent in
Portsmouth Harbor has remained relatively constant. The acreage of eelgrass in Little
Bay is small. Likewise, eelgrass acreage in the Bellamy and Oyster Rivers is erratic and
often zero.

Frequency of occurrence mapping showed that eelgrass typically grows in the same
places year after year (Figure 9, Figure |1, Figure 13). In Great Bay, 68% of the area
where eelgrass was observed had eelgrass for 10 or more years out of 14 years (Figure
7). The areas where eelgrass is more transient tend to be on the edges of the persistent
beds and in the tributaries. In contrast, the dense eelgrass coverage appears to be
emphemeral in most areas (Figure 10, Figure 12, Figure 14). In 70% of the areas where
dense eelgrass has been mapped, the dense eelgrass persisted for 5 or less years out of
|4 years (Figure 7). Therefore, eelgrass often recurs in the same location in the Great
Bay but the locations of dense eelgrass change.

The eelgrass cover in Great Bay in each different density class are shown in Table 5 and
Figure 4. The acreage of dense eelgrass (90-100% cover) was low in 1990 and 1991 at
the tail end of the wasting disease event, shot up to a plateau of 1,500 acres for the
majority of the years between 1992 and 1996, and then steadily declined. In 1995, the
dense eelgrass area dropped sharply to 365 acres during a short wasting disease event
in which large holes were observed in formerly dense eelgrass beds (Fred Short, pers.
comm.). The area of eelgrass in the other density classes has remained relatively
constant.

The biomass of eelgrass in Great Bay was calculated for each year by assuming a shoot
density for each density class (see Table 5). The trends in eelgrass biomass are shown
in Figure 5 and Figure 6. In 1990, 1992, and 1995, the biomass was low due to wasting
disease events. Superimposed on these rapid events, there has been a statistically
significant (p<0.05), decreasing trend between 1992 and 2003. The biomass declined by
71% during this period, at an average rate of 100 metric tons per year (Figure 6). In
2003, there were only 579 metric tons of eelgrass biomass in the Great Bay.

The trend of declining eelgrass biomass in Great Bay is a concern. Eelgrass is an
essential habitat for the estuary, the loss of which would fundamentally alter the
ecosystem of the bay. The specific cause of the decline is uncertain. Eelgrass is
sensitive to water quality, specifically water clarity. The observed changes in eelgrass
cannot be linked directly to a water quality trend, although increasing concentrations of
suspended solids have been observed at Adams Point (NHEP, 2006). Given the
nonlinear nature of the ecosystem, it may not be realistic to expect a direct linkage
between eelgrass and water quality. Eelgrass can also be affected by wasting disease.
The effects of the disease are typically dramatic and only last for one or two years.
Therefore, a gradual decline over |0 years is not consistent with a wasting disease
event. Another possible factor is nuisance macroalgae. There have been anecdotal
reports of increasing populations of nuisance macroalgae in the bay. Macroalgae
compete with and sometimes smother eelgrass (Fred Short, pers. comm.).
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Additional research is needed to understand the reason for the eelgrass biomass decline. In order
to improve the accuracy of future biomass estimates, the eelgrass mapping program should be
enhanced to collect information on shoot density at mapped eelgrass beds. Turbidity data from the
in-situ datasonde in Great Bay should be analyzed for changes in water clarity and correlations with
suspended solids concentrations. The eelgrass beds should be investigated for evidence of wasting

Table 4: Eelgrass coverage in the Great Bay Estuary

Year |Great Bay| Little Bay | Portsmouth | Piscataqua| Squamscott | Oyster Bellamy
and Little River and Lamprey| River River
Harbors Rivers

1986 1,989 29

1987 1,681 7

1988 1,123 64

1989 313 0

1990 1,999 13

1991 2,230 17

1992 2,275 50

1993 2,353 83

1994 2,349 76

1995 2,172 42

1996 2,421 33 327 76 65 14 0
1997 2,285 3

1998 2,318 61

1999 2,041 26 300 66 63 0 0
2000 1,873 7 329 63 72 0 0
2001 2,330 11 332 69 53 0 0
2002 1,721 4 342 39 55 0 0
2003 1,592 14 335 47 21 0 0

Blank cells indicate no data collected
Source: UNH Seagrass Ecology Group



'm Environmental Indicator Report: Critical Habitats and Species March 2006

Figure 2: Eelgrass coverage in Great Bay, Little Bay and Portsmouth
Harbor
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Table 5: Area of eelgrass in each density class and total eelgrass biomass in

Great Bay
Year Area in Each Density Class (acres Biomass

90-100% | 60-90% | 30-60% | 10-30% Total (metric tons)
1990 675 376 587 360 1,999 979
1991 605 546 795 284 2,230 1,006
1992 1,471 55 465 283 2,275 1,640
1993 1,533 220 165 435 2,353 1,708
1994 1,307 386 175 481 2,349 1,543
1995 365 375 529 902 2,172 708
1996 1,397 290 134 599 2,421 1,604
1997 739 582 627 338 2,285 1,121
1998 558 613 439 708 2,318 945
1999 447 270 815 509 2,041 778
2000 126 551 642 553 1,873 516
2001 575 640 788 328 2,330 1,010
2002 39 498 987 197 1,721 450
2003 203 690 544 156 1,592 579

Biomass calculated from eelgrass areas using the following shoot density values:
Eelgrass cover Shoot density (9/m2)

Source: UNH Seagrass Ecology Group
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60-90%
90-100%

Figure 4: Area of eelgrass in Great Bay in each density class
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Figure 5: Eelgrass biomass in Great Bay (1990-2003)
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Figure 6: Eelgrass biomass in Great Bay (1992-2003)
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Figure 7: Frequency of occurrence of eelgrass cover in Great Bay and its
tributaries between 1990 and 2003
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Figure 8: Frequency of occurrence of eelgrass cover in Little Bay and the
Piscataqua River in 1996 and 1999-2003
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Figure 9: Frequency of occurrence of eelgrass in the Great Bay between
1990 and 2003
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Figure 10: Frequency of occurrence of dense eelgrass in the Great Bay
between 1990 and 2003
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Figure | 1: Frequency of occurrence of eelgrass in Little Bay in 1996 and
1999-2003
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Figure 12: Frequency of occurrence of dense eelgrass in Little Bay in 1996
and 1999-2003
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Figure 13: Frequency of occurrence of eelgrass in Portsmouth Harbor in
1996 and 1999-2003
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Figure 14: Frequency of occurrence of dense eelgrass in Portsmouth
Harbor in 1996 and 1999-2003
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Monitoring Objective

The objective of this indicator is to report on the total acreage of large, unfragmented
forest blocks in the coastal watershed. This indicator answers the following monitoring
question:

Has the acreage of large, unfragmented forest blocks in the coastal
watershed changed over time?

Measurable Goal

Since unfragmented forest blocks is a supporting variable that will not be used to
answer a management question, no goal has been set.

Data Analysis and Statistical Methods

Unfragmented lands data was obtained from the Society for the Protection of New
Hampshire Forests (SPNHF). SPNHF had processed 2001 land cover data from
GRANIT using USGS digital line graphs of roads and NHDOT’s G_roads datalayer to
identify blocks of unfragmented lands in southeastern New Hampshire. The
methodology and assumptions used by SPNHF to process the data are included below.

Natural land cover types were extracted from the GRANIT land cover data for the
study area as a precursor to generating an unfragmented blocks datalayer. These land
cover types included: all forest cover types except Alpine (440), forested and non-
forested wetlands, and tidal wetlands; and bedrock/vegetated, sand dunes, and cleared
or disturbed land covers. Active agriculture was excluded.

A special roads datalayer was generated for use as a fragmenting feature; only traveled
roadways were included. The USGS-based datalayer and the NHDOT datalayer were
merged after selecting out all jeep trails, Cl 6 roads, and other non-traveled roadways;
private roads in the NHDOT datalayer were included in the merged dataset even
though some function only as occasional use access roads.

Note that the influence of urban land uses and transportation land cover types as
fragmenting features was automatically accounted for in the selection of natural land
cover types above, but the transportation land cover type was found to be insufficient
within the GRANIT land cover mapping due to tree cover occluding many road
segments. Furthermore, frontage development could not be accounted for in the
GRANIT land cover mapping, so a 300’ buffer was created from the merged road
datalayers.

NHDES clipped the unfragmented data layer from SPNHF to the coastal watershed
boundary (HUC8 01060003) and then selected only those blocks that covered greater
than 250 acres inside the watershed.

Results

As of 2001, there were 282 unfragmented blocks greater than 250 acres in the coastal
watershed. The majority of the blocks are less than 1000 acres in size. There are only
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4 blocks greater than 5000 acres (Table 6). Figure 15 shows the locations of the
unfragmented blocks in the coastal watershed. The larger blocks are in the northern

and western sections of the watershed. The total area in blocks greater than 250 acres
constituted 51% of the total land area in NH’s coastal watershed.

March 2006

Table 6: Number and acreage of large, unfragmented forest blocks in the

coastal watershed

UNFRAGMENTED BLOCK SIZE (ACRES)

250 t0 500 | 500 to 1000 | 1000 to 2500 | 2500 to 5000 | 5000 to 10000 | Towl

Number of unfragmented 112 95 60 ¥ 4 282
blocks

Acres °;Ig’;|f(r:gme”‘ed 40,486 65,629 87,751 40202 28,019 262,087

Data Source: 2001 land cover from GRANIT processed by SPNHF

Figure 15: Unfragmented forest blocks in the coastal watershed
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Monitoring Objective

Juvenile finfish are sensitive to estuarine conditions. Many juvenile fish species spend
significant portions of their life in the estuary, and are an important source of food to
other species. Since juvenile finfish occupy a lower niche in the food web, population
dynamics are less complicated and more predictable. The objective of this supporting
variable is to illustrate year to year trends in the abundance and diversity of juvenile
finfish in the estuary. It addresses the following monitoring question related to Land
Use Goal #6:

Has the population of finfish in the estuary changed over time?

Measurable Goal

Since juvenile finfish is a supporting variable that will not be used to answer a
management question, no goal has been set.

Data Analysis and Statistical Methods

Data on juvenile fish abundance was provided by fish counts from standardized beach
seine hauls conducted by NHF&G for the Atlantic Coastal Fisheries Cooperative
Management Act (NHF&G, 2005a). The data were analyzed several ways.

First, the average catch per unit effort (CPUE) for the most abundant species was
calculated and compared to the range of observations from previous years. The
geometric mean CPUE for all months combined for the selected species was taken
from the annual reports by NHF&G. Results from Great Bay/Little Bay, the Piscataqua
River, Little Harbor and Hampton/Seabrook Harbor were averaged separately because
these areas have different environments with different fish assemblages. The average
CPUE for each species in each area was compared to the range of all the previous
observations in a time series. The species for which time series were presented were:

- Killifish (Fundulus spp.) - Herring, Atlantic (Clupea harengus)
- Flounder, winter (Pleuronectes americanus) - Herring, blueback (Alosa aestivalis)

- Silverside, Atlantic (Menidia menidia) - Smelt, rainbow (Osmerus mordax)

These species were selected by querying data from 2000 for finfish species which
reproduce in the estuary with an abundance of at least 1% of the total CPUE.
Cumulatively, these species accounted for greater than 90% of the total CPUE of finfish
(crabs and lobsters were removed from the dataset).

March 2006
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Second, the Simpson diversity index (D) was calculated based on the counts of all
juvenile fish species caught during the season. The equation for the Simpson index

(Simpson, 1949) is: Zn (n, -1
P=2p =Ny

where p; is the proportion of each species i in the community, n; is the number of fish
collected for species i and N is the total number of fish collected. The CPUE values
reported by NHF&G were multiplied by the effort required to capture one fish of the
least abundant species and then rounded to the closest integer to transform the data
into a format compatible with this equation.

Third, the species richness index (S) was calculated. The species richness index is simply
the number of species observed each year.

Results

The average CPUE for the dominant species are shown in Table 7 and Figure 16
through Figure 21. Table 8/Figure 22 and Table 9/Figure 23 contain the values of the
Simpson diversity index (D) and the species richness index (S), respectively.

There were distinct differences in the juvenile fish composition in the four survey areas.
In all areas, the most abundant juvenile fish was the Atlantic silverside but the second
most abundant species changed between areas. In Great Bay/Little Bay, Atlantic
silversides were more than 35 times more abundant than any other species on average.
The next most abundant species in Great Bay/Little Bay was the killifish. In the
Piscataqua River, Atlantic Silversides were the most abundant species by a factor of 9
and rainbow smelt was the next most abundant species. In Little Harbor and Hampton/
Seabrook Harbor, Atlantic silversides were 2-3 times more abundant than winter
flounder.

The values of the Simpson diversity index (D) reflect the dominance of the one or two
species (Figure 22). Values of D have hovered between 0.3 and 0.8 for all areas of the
estuary. In 2004, the values for D for all areas were clustered near 0.54. D is a measure
of the probability of selecting a pair of individuals of the same species from a single
random sample of the community. Therefore, there is a 54% chance that any two
juvenile fish selected from the estuary at random will be the same species. The species
richness index (Figure 23) shows that there are slightly more juvenile fish species
present in the Great Bay/Little Bay and Piscataqua River (19 species) than in the coastal
harbors (9-16 species).

In general, the abundance of the species in recent years was within the range of
previous observations. Time series graphs of abundance for each species are shown in
Figure 16 through Figure 21. Only seven years of data are available on juvenile fish
populations so the range of previous observations is not expected to represent
“baseline” conditions or to define the full range of possible outcomes. However, by
making comparisons to previous data, the results from the latest year can be viewed in
the context of what has been seen before.
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Table 7: Average catch per unit effort (CPUE) for selected juvenile finfish, 1998-2004

(2) Results sorted by species

Species Location 1998 1999 2000 2001 2002 2003 2004|Grand Total
Flounder, winter Great/Little Bay 1.07 0.38 4.32 1.70 3.11 2.07 0.66 1.90
Hampton Harbor 1.99 1.07 3.51 2.18 4.70 3.35 2.52 2.76
Little Harbor 5.57 1.74 7.26 2.95| 12.39 8.86 3.39 6.02
Piscataqua River 1.11 1.19 3.18 1.12 1.63 1.28 0.94 1.49
Herring, atlantic Great/Little Bay 0.61 1.21 0.76 0.46 0.43 0.19 0.35 0.57
Hampton Harbor 0.00 1.44 0.00 0.00 0.09 0.26 0.00 0.26
Little Harbor 0.07 0.00 0.45 0.00 0.04 0.04 0.13 0.10
Piscataqua River 0.00 2.32 0.92 0.00 0.65 1.65 0.00 0.79
Herring, blueback |Great/Little Bay 1.47 1.62 2.33 0.99 0.56 1.59 0.19 1.25
Hampton Harbor 0.00 0.37 0.17 0.84 0.00 0.08 0.25 0.24
Little Harbor 0.34 0.04 0.12 1.91 0.04 0.62 0.24 0.47
Piscataqua River 1.46 7.86 3.50 1.29 0.76 3.57 0.36 2.69
Killifish Great/Little Bay 1.13 4.71 2.09 3.92 6.52 5.45 2.19 3.72
Hampton Harbor 0.01 0.00 0.00 0.06 0.00 0.27 0.00 0.05
Little Harbor 0.02 0.28 0.09 0.30 0.10 0.13 0.25 0.17
Piscataqua River 0.30 2.93 2.32 0.92 1.00 5.21 3.74 2.35
Silverside, atlantic |Great/Little Bay 45.66] 238.10| 134.37| 95.01| 192.38| 159.74| 52.73 131.14
Hampton Harbor 3.53] 1493 12.38 11.53 5.25 6.21 9.16 9.00
Little Harbor 2.28| 36.42 14.77| 12.22 9.38 6.94] 10.28 13.18
Piscataqua River 8.87| 285.53| 119.84| 54.28| 58.97| 45.89( 70.97 92.05
Smelt, rainbow Great/Little Bay 2.50 0.36 3.79 4.17 1.32 4.21 3.22 2.80
Hampton Harbor 0.50 0.05 0.25 0.06 0.00 0.06 0.41 0.19
Little Harbor 0.17 0.45 0.58 0.12 0.16 0.19 0.08 0.25
Piscataqua River 4.11 2.83] 32.43] 16.62 4.68 9.12 4.48 10.61
(b) Results sorted by area
Location Species 1998 1999 2000 2001 2002 2003 2004|Grand Total
Great/Little Bay Silverside, atlantic] 45.66[ 238.10| 134.37| 95.01| 192.38 159.74| 52.73 131.14
Killifish 1.13 4.71 2.09 3.92 6.52 5.45 2.19 3.72
Flounder, winter 1.07 0.38 4.32 1.70 3.11 2.07 0.66 1.90
Herring, atlantic 0.61 1.21 0.76 0.46 0.43 0.19 0.35 0.57
Herring, blueback 1.47 1.62 2.33 0.99 0.56 1.59 0.19 1.25
Smelt, rainbow 2.50 0.36 3.79 4.17 1.32 4.21 3.22 2.80
Hampton Harbor  |[Silverside, atlantic 3.563] 14.93| 12.38[ 11.53 5.25 6.21 9.16 9.00
Killifish 0.01 0.00 0.00 0.06 0.00 0.27 0.00 0.05
Flounder, winter 1.99 1.07 3.51 2.18 4.70 3.35 2.52 2.76
Herring, atlantic 0.00 1.44 0.00 0.00 0.09 0.26 0.00 0.26
Herring, blueback 0.00 0.37 0.17 0.84 0.00 0.08 0.25 0.24
Smelt, rainbow 0.50 0.05 0.25 0.06 0.00 0.06 0.41 0.19
Little Harbor Silverside, atlantic 2.28| 36.42| 14.77| 12.22 9.38 6.94| 10.28 13.18
Killifish 0.02 0.28 0.09 0.30 0.10 0.13 0.25 0.17
Flounder, winter 5.57 1.74 7.26 2.95| 12.39 8.86 3.39 6.02
Herring, atlantic 0.07 0.00 0.45 0.00 0.04 0.04 0.13 0.10
Herring, blueback 0.34 0.04 0.12 1.91 0.04 0.62 0.24 0.47
Smelt, rainbow 0.17 0.45 0.58 0.12 0.16 0.19 0.08 0.25
Piscataqua River |Silverside, atlantic 8.87| 285.53| 119.84 54.28| 58.97| 45.89] 70.97 92.05
Killifish 0.30 2.93 2.32 0.92 1.00 5.21 3.74 2.35
Flounder, winter 1.11 1.19 3.18 1.12 1.63 1.28 0.94 1.49
Herring, atlantic 0.00 2.32 0.92 0.00 0.65 1.65 0.00 0.79
Herring, blueback 1.46 7.86 3.50 1.29 0.76 3.57 0.36 2.69
Smelt, rainbow 4.11 2.83] 32.43[ 16.62 4.68 9.12 4.48 10.61

Data Source: NHF&G ACFCMA Reports
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Figure 16: Average catch per unit effort (CPUE) for winter flounder in 1998-
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Figure 17: Average catch per unit effort (CPUE) for Atlantic herring in

1998-2004
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Figure 18: Average catch per unit effort (CPUE) for blueback herring in

1998-2004
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Figure 19: Average catch per unit effort (CPUE) for killifish in 1998-2004
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Figure 20: Average catch per unit effort (CPUE) for Atlantic silverside in
1998-2004
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Figure 21: Average catch per unit effort (CPUE) for rainbow smelt in 1998-2004
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Table 8: Simpson's diversity index (D) for juvenile finfish diversity in NH’s estuaries

Little Hampton | Piscataqua| Great/Little
Year Harbor Harbor River Bays
1998 0.396 0.406 0.308 0.624
1999 0.776 0.604 0.817 0.803
2000 0.454 0.456 0.472 0.697
2001 0.451 0.588 0.518 0.675
2002 0.405 0.390 0.503 0.792
2003 0.377 0.335 0.294 0.717
2004 0.490 0.503 0.622 0.556

Data Source: NHF&G ACFCMA Reports

Figure 22: Simpson's diversity index (D) for juvenile finfish diversity in NH’s
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