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August 25, 2006
Ref No. 20546.000

Mike Donnelly

Ecology and Environment, Inc.
Buffd o Corporate Center

368 Pleasant View Dr.
Lancaster, NY 14086

RE: Report summarizing the results of American lobster larvae sampling in the vicinity
of the proposed Broadwater FSRU, 16 June-28 July, 2006.

FIELD METHODS

Normandeau A ssociates, Inc. conducted neuston samples for American lobster (Homarus
americanus) larvae in thevicinity of the proposed Broadwater Energy floating storage and
regasification unit (FSRU) on six sampling (16 June, 23 June, 30 June, 14 July, 18 July, 28 July
2006). Threereplicate samples were collected within a one by one nautica mile square block
centered on the location of the proposed FSRU facility (Figure 1) on each of the six sampling
dates (18 totd samples). The start location for each tow was randomly selected from coordinates
aong the 4 sides of the one by one nautica mile square block; the direction of each tow was
toward the center of the block at the proposed FSRU location. The neuston net was 1 m deep x 2
m wide x 8 m long with 1.0 mm mesh. The mouth of the net was mounted on a 1x2 m duminum
frame deployed from a boom off the side of the boat in water clear of the vessd’ s wake and
propdller turbulence. The mouth of the net was fished to a depth of gpproximatdy 0.5 m with 0.5
above the water’ s surface to ensure the surface layer was sampled. Tow duration was 30 minutes
at gpproximately 0.6 meters/second. Tow distance was recorded with a flume-cdibrated digitd
flow meter (GO Model 2030R) and ranged from 847-1409 m. Concentrations of neustonic
lobster larvae are reported as number per 1000m? within 0.5 m depth (Incze and Wahle 1991,
Wahle and Incze 1997). All tows were conducted during daylight hours from 0715-1000 h with
an observer from the Long Island Sound Lobsterman's Association on board. After each tow, net
contents were washed into the cod end with a deck mounted hose, rinsed through a 0.500 mm
sieve, and preserved in 10% buffered formdin in seawater. A sdinity, temperature, and dissolved
oxygen profile was made at 5 foot intervals from one foot below the surface to one foot above the
bottom at the proposed FSRU location prior to the first trawl on each sampling date withaY S|
Mode 85 meter.

LABORATORY METHODS

In the laboratory, dl lobster larvae were sorted and enumerated by stage (1-1V) as described by
Herrick (1895). Thefirst three stages are zoeal. Newly hatched stage | larvae lack swimmerets
and areonly 8 mm or so in totd length, the shdl of the larvae is transparent and many internal
organs arereadily visible. Stagell larvae are only slightly larger, gpproximately 9 mm long, and
resemble thefirst stage. The main distinguishing feature is the presence of four pairs of
rudimentary swimmerets. Stagelll larvae are 11 mm or so in length, have more developed
swimmerets with setae as well as adeveoped tal fan and larger claws. During the molt to the
next stage (IV), larval lobsters undergo a metamorphosis in which anatomica characteristics of
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the zoed stages are replaced by those of ajuvenile and the anima resembles an adult |obster.
Stage |V is the megalops or post-larva stage of American lobster. Stage |V post-larvae are
goproximately 15 mm in total length and have well devel oped claws that extend forward, larger
antennules and antennae and larger swimmerets with well developed setae.

STUDY OBJECTIVE

Thefirst three larval instars (stagel, |1, and |11) are observed throughout the water column above
the thermocline while stage |V post-larvae are largely confined to surface layers (Harding et d.
1987, Annis 2005). The accuracy of aundance estimates derived from plankton samples relies
on knowing what proportion of the population of the population resides in the neuston, thisis
unknown for stagel, 11 and Il lobster larvae. Therefore, abundance estimates for stagel, |1 and
I11 lobster larvae based solely on neuston sampling in the upper 0.5 m are likely underestimates.
Entrainment estimates for stagel, |1, and |11 lobster |arvae based on the 2002 Pol etti

| chthyoplankton Program (Normandeau 2006a) are therefore, likely to be more representative of
the seawater intake zone of the proposed FSRU facility which islocated 35-45 feet below surface
than neuston tows collected in the upper 0.5 m. The 2002 Poletti data represents collections taken
from specific depths throughout the water column from 1 meter below surface to 3 m abovethe
bottom in Long | sland Sound (Normandeau 2006a). Stage |V post-larvae were not collected
during the 2002 Poletti Program which is not surprising because most estimates place 78-96% of
the stage 1V |obster larvae population in the upper 0.8 m of the water column (Harding et d.
1982, 1987, Hudon et al. 1986). The Poletti Program sampling design was inadequate to collect
stage |V post-larvae and their absence in the collections does not demonstrate that they are absent
from surface watersin the project area. The objective of Broadwater’ s site specific, June-July
2006 neuston sampling program was to sample the upper surface layer (0.5 m) of the water
column where the majority of stage IV lobsters occur in order to provide entrainment estimates
for this stage which are lacking from the 2002 Poletti Program data.

RESULTS

Physical Profiles of Water Column

Surface temperatures at the proposed FSRU location ranged from 17.1 °C on 16 June to 25.0 °C
on 18 July, 2006. A week (3-7°C) thermd gradient was present between the surface and 40 feet
on the six sampling dates in June and July, 2006 (Figure 2). The water was isotherma from 40
feet to the bottom. Surface dissolved oxygen concentrations ranged from 7.1 mg/L on 28 July to
8.8 mg/L on 23 June (Figure 3). There was no evidence of bottom hypoxia (D.O < 3.0 mg/L,
LISS 1994, Anderson and Taylor 2001) during sampling in June and July, however, D.O
concentration in the bottom waters dropped as low as 4.8 mg/L on the last sampling date on July
28, 2006. Hypoxia occurs primarily during late summer in the deeper waters of the more
urbanized western basin of Long Island Sound, athough hypoxic conditions sometimes exist in
the centrd basin (L1SS 1994). Surface sdinity ranged from 23.5 to 25.3 °/,, and the water column
was i sohaline from 60 feet to the bottom (Figure 4).

Neustonic Lobster Larvae Density in the Study Area

A totd of 56 American |obster |arvae were collected in the 18 neuston tows. This catch included
7 stage | larvae, 11 stage |l larvae, 26 stage |l larvae, and 12 stage |V post-larvae. Average
density of larvae in the three replicate tows on each sampling date was highest during the first
sampling date on 16 June, 2006 when dl four neustonic stages were collected (Table 1, Figure 5).
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Average density of lobster larvae (dl four stages combined) was 4.4/1000 m? within 0.5 m depth
on 16 June (Figure 5). Density declined to about 2/1000m? on 23 and 30 June and to 0.6/1000m”
on 14 July. No lobster larvae were collected during the last two sampling dates on 18 and 28
July. Stage| larvae were most abundant on 23 June (0.8/1000m?) and were not collected after
this date. Stage || larvae were most abundant in the first collection on 16 June (1.4/1000m?) and
were collected in lower densities (0.1 and 0.2/1000m?) on 30 June and 14 July respectively.

Stage 111 larvae were most abundant during the first collection on 16 June (1.9/1000m?) and were
collected in declining density through 14 July (0.3/1000m?). Stage |V post-larvae had an average
density of 0.9/1000m?on 16 June and 1.0/1000m? on 30 June. Average stage |V density declined
during collections on 14 July to 0.2/1000m? and they were not collected after this date.

The presence of stage |V post-larvae on 16 June clearly indicates that hatching occurred prior to
thefirst sample. Using the devel opment rates of MacKenzie (1988) and daily average
temperature recorded by the University of Connecticut Department of Marine Science’ s weather
buoy in the Central Basin of Long Island Sound located near the proposed FSRU facility (Station
44039: http://www.ndbc.noaa.gov/station page.phpstation=44039 ) it is estimated that the stage
IV post-larvae collected on 16 June may have hatched around May 20-24. Thetiming of first
gppearance of Stage | larvae in the plankton tends to coincide with a narrow range of surface
temperatures averaging around 12.5 °C (Harding et d. 1983). May 24 was the first day in 2006
where the daily average temperature (measured once per hour) exceeded 12.5°C.

Entrainment Estimates Based on the 2002 Poletti Ichthyoplankton Data

Entrainment estimates for larval |obstersin water withdrawal operations at the proposed FSRU
facility were calculated using the 2002 Poletti | chthyoplankton Program (PBS& J/ILMS Joint
Venture, 2003) data subset to represent the FSRU intake (Normandeau 2006). Poletti regions 7-9
(Figure 6) were selected to represent the Central Basin of Long |sland Sound because the
proposed FSRU facility islocated near the intersection of the three regions. The water column
depth strata for the Broadwater subset was restricted to deep (total depth of the water column >
30 m or 98 ft) and intermediate (tota depth of the water column 6-30 m or 20-98 ft) because the
total depth of the water column at the proposed FSRU location is approximately 95 feet.
Sampling gear was restricted to the 1x1 m? tucker trawl (0.500 mm mesh) to represent water
column collections (from 1 m below surface to 3 m above bottom) because water withdrawal
from the proposed FSRU facility will occur from 35-45 feet below surface. Because dl samples
within a given biweekly period/water column totd depth strata/region/gear type were combined
in the laboratory to form composite samples prior to enumeration, it is not possible to anadyze
samples from specific depths or locations proxi mate to the proposed FSRU location. Therefore,
tucker trawl collections represent a composite of samples taken from specific depths 1 meter
below surface to 3 m above the bottom (Normandeau 2006). The average larva lobster density in
regions 7-9 during each biweekly survey in the subset Poletti data was multiplied by the daily
water intake (28.2 MGD, 106,750 m*/day) of the proposed FSRU facility to estimate number
entrained per day. The daily entrainment estimate was multiplied by fourteen to estimate the
number entrained in each of the eleven biweekly surveys. The entrainment estimates for each of
the four planktonic life stages of American |obster were summed for the eleven biweekly surveys
to estimate the number entrained based on the March 4-August 5 sampling period of the 2002
Poletti | chthyoplankton Program presented in Table 2. Further detdls regarding the Poletti

| chthyoplankton Program and assumptions made to goply that data to represent the
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ichthyoplankton and larva lobster community in the proposed Broadwater FSRU area are
provided in Normandeau (2006a) (see Broadwater’ s Resource Report 3, Fish, Vegetation and
Wildlife, Appendix E for this report).

The 2002 Poletti | chthyoplankton Program data subset to represent the proposed FSRU location
(Normandeau 2006) collected lobster larvae during biweekly surveys 6 through 10 (May 13-26
through July 8-July 21, 2002). Annua entrainment estimates of stage|-111 larvae was about
48,000 in the intermediate (total water depth 6-98 ft) depth strata and 44,000 in the deep (tota
water depth > 98ft) depth strata (Table 2). Stage | larvae were numericaly dominant with lower
abundance of stage |l and I11; stage |V post-larvae were not collected. For a basis of comparison,
annud entrainment of larvd lobsters at Millstone Power Station in Waterford, Connecticut from
1984-2005 has ranged from 9,600 to about 660,000 with an average of about 330,000 and are
predominantly stage | (NUSCO 2006).

DISCUSSION

Stage I-11I Lobster larvae

The verticd distribution of American lobster larvae has been difficult to resolve because of their
natural low density and patchy distribution (Fogarty and Lawton 1983, Harding et al. 1987).
Early studies suggested that American lobster |arvae were neustonic and largely confined to the
upper meter of the water column (Templeman 1937, Sherman and Lewis 1967, Scarratt 1964,
1973, Stasko and Gordon 1983). However, studies by Harding et d. (1987) demonstrated that
stage I-111 larvae were distributed throughout the upper 30 m mixed layer (above the thermocline)
of the water column in Browns Bank off the coast of Nova Scotia. In particular, stage | larvae
were most abundant at the 15-30 m depths with few at the surface during the day; although
damost all stage | larvae remained above the thermocline. At night, most stage | larvae were at
the surface and from 5 to 10 m and few were deeper than 10 m. Integrated throughout the water
column, on average < 1% of stage | larvae occurred above 2.5 m depth during daylight, compared
to 28 % after dark. Stagell and |11 larvae were taken over a broad depth range above the
thermocline as well; most were taken in the upper 20 m, but some stage |1 larvae were teken as
deep as 30 m (Harding et d. 1987). Therewas noindication of diel vertical migration by stage |
and |1 larvae, dthough these stages wererelatively rare thus hindering statistical analysis
(Harding et d. 1987).

The verticd distribution of stagel-Il1 larvae throughout the upper 30 m of the mixed zone
observed by Harding et d. (1987) is consistent with early behavioral observations noted by
Hadley (1905, 1908). Hadley noted that the larval response to light intensity varied with
ontogeny. Inthefirst hours after hatching, experimental larvae were positively phototactic, but
this response reversed by the second day into a negative reaction to bright light, athough they
were still attracted to reduced light. These results explain a vertica migration cued to light
intensity and the presence of some stage | larvae at the surface throughout the day (Harding et d.
1987). Hours before moltinginto stagell, 11 or IV larvae, |obsters were strongly attracted to
bright light again. This response could dso explain the presence of some stage Il and Il larvaein
the surface waters during daylight. Lobster larvae had a negative response to bright light after
molting into stage |l and |11 and actively sought regions of reduced light.
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Although it appears that the first three larva instars may be more broadly distributed throughout
the mixed water column than previously believed, fidd (Harding et d. 1987) and laboratory
(Boudreau et d. 1991) evidence suggests they remain above the thermocline. However, the
artificia therma gradient used in Boudreau et d.’s (1991) |aboratory experiments was
considerably stronger and more compressed (~ 10°C/m) than typically observed in natural
conditions. A temperature gradient, regardless of its depth, is generally believed to restrict
lobster larvae to the warmer-water layer above (Ennis 1995). Residence in the warmer water of
the upper mixed zone increases growth and devel opment rates (Templeman 1936, MacKenzie
1988) which enhances surviva by reducing the durati on of exposure to predators in the plankton
(Hudon and Fradette 1988). Thus, thereis a strong incentive for larvae to remain in warmer
waters above atherma gradient. In the study area, aweak (3-7°C) thermad gradient was present
between the surface and 40 feet in June and July, 2006 (Figure 2). The seawater intake of the
FSRU facility is located 35-45 below surface which is the gpproximate depth where the
summertime therma gradient at the proposed site occurs. Unfortunately, it is not possible to
determineif the rdatively weak therma gradient observed in this study poses a barrier to the
vertical distribution of lobster larvae in Long Island Sound using the Poletti data because dl
samples within abiweekly survey/region/total water column depth strata/and gear type were
combined into alaboratory composite for enumeration.

Although lobster larvae were more abundant in the tucker trawl collections (sampled depths from
gpproximately 1 meter below surface to 3 m above the bottom) than the epibenthic sled (sampled
the bottom 1 meter of the water column), the occurrence of stage I-111 |obster larvaein the
epibenthic ded collections (Figure 7) demonstrates that they were not restricted to the surface
layers and can occur within 1 m of the bottom in central Long Island Sound. Therefore,
abundance estimates for stage |-111 larvae based solely on neuston sampling are likdly
underestimates. Density of stage |-I11 lobster |arvae collected from tucker trawl samplesin
Centrd Long Island Sound during the 2002 Poletti | chthyoplankton Program (Figure 7, Table 2)
arelikely more representative of the seawater intake zone of the proposed FSRU facility which is
located 35-45 feet below surface than neuston tows collected in the upper 0.5 m.

Stage IV post-larvae

Although the first three larval instars were observed throughout the water column above the
thermocline by Harding et a. (1987), stage |V post-larvae were largely confined to surface layers
with 90% of stage |V lobsters collected in the upper meter. Stage |V |obsters are believed to be
primearily neustonic and they have been sampled at the surface in most studies quantifying
distribution (reviewed by Ennis 1995). M ost estimates from plankton net samples place 78-96%
of the stage IV population in the top 0.8 m of the water column with no didl differencesin verticad
distribution (Scarratt 1973, Harding et al. 1982, 1987, Hudon et d. 1986). Annis (2005) found on
average, stage |V post-larvae spent 65% of the timein thetop 0.5 m and 95% of thetimein the
top 4.5 m during in situ diver observations of wild caught post-larvae in Boothbay, Maine. Annis
(2005) suggests that estimating total abundance of |obster post-larvae throughout the entire water
column based on surface samples likely results in greater underestimations than previously
believed, however hisresults still support the efficacy of surface sampling for stage |V [obsters as
they spent more time at the surface than any other depth. Therefore, it is not surprising that stage
IV post-larvae were not collected during the 2002 Poletti Program because neither the tucker
trawls or epibenthic sleds sample the surface film (upper 0.5 m) of the water column where
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planktonic stage |V lobsters primarily occur. The Poletti |chthyoplankton Program sampling
design was inadequate to collect stage |V |obster post-larvae and their absence in the collections
does not demonstrate that they are absent from the area Therefore, density estimates of stage IV
|obsters derived from the 2002 Poletti | chthyoplankton Program are not representative of surface
waters near the proposed FSRU location, dthough they do suggest that if stage IV lobsters are
present, they likely do not occur at depths liable to be entrained (35-45 feet) for considerable
periods of time. The objective of Broadwater’ s site specific, June-July 2006 neuston sampling
program was to target the upper surface layer of the water column where the majority of stage |V
|obsters occur.

Lobster larvae are naturally low in @bundance and stage |V larvae are typicaly collected in
densities < 20/1000 m? in the upper 0.5-1.0 m in neuston collections or < 20/1000m? in samples
where volume was quantified (Harding et d. 1982, 1987, Incze and Wahle 1991, Wahle and
Incze 1997, Incze et al. 1997, Incze et al. 2000). However, most studies quantifying larva lobster
abundance has taken place in Canadian and northern New England waters with comparatively
little work south of Cape Cod or in Long Island Sound. Lund and Stewart (1970) sampled areas
offshore in southern New England and in Long Island Sound over afour year period from 1966-
1969 with a 1.52 m diameter plankton net towed at the surface. The 1966 and 1967 samplesin
Long | dand Sound were primarily restricted to the eastern end of the Sound with few tows taken
in the centrd and western Sound. The 1968 program was expanded to 50 stations throughout the
Sound where they observed an average density of about 1.2 lobster larvae/1000m® during June-
July in 1968 (Harding et d. 1982). Sampling began each year in May and continued on a
biweekly schedule until hatching was first evident when weekly sampling was to be conducted.
However, sampling was terminated in late July and early August due to clogging of the nets by
ctenophores. Stage | lobster larvae first appeared in Long |sland Sound collections on 14 June,
1966, 26 June 1967, 4 June 1968 and 19 June 1969, the minimum surface water temperature
when larvae were first collected was 12.5°C. The pegk of the hatching season in Long Island
Sound generally occurred during the later part of June and thefirst haf of July when surface
water temperatures were approximately 20 °C (Lund and Stewart 1970). Stage |V lobster were
first collected in the centra Sound during the week of 16-23 June and peaked during the week of
8-15 July in 1968.

The period of occurrence of stage |V |obsters observed in the centra Sound by Lund and Stewart
(1970) in 1968 (June 16-23 through July 24-31) corresponds with the sampling period of the site
specific samplesin 2006 (June 16-July 28). Thetiming of first gppearance of stage | larvaein
plankton collections tends to coincide with a narrow range of surface temperatures averaging
around 12.5°C (Harding et al. 1983). Over aten year period at the Massachusetts State L obster
hatchery and Research Station, the lowest temperature at which hatching occurred was 12.2°C,
but hatching usualy began at 15.0°C and peaked at approximately 20°C (Hughes and
Matthiessen 1962). The first datein which daily average surface temperature was » «12.5°C at the
Centrd Basin Buoy (Station 44039) was May 24 in 2006. Using the temperature specific
development rates of MacKenzie (1988) and afirst hatch date of May 24, it is not likely that stage
IV |obsters were present in significant numbers prior to around June 10, 2006. No lobster larvae
were collected during site specific day and night ichthyoplankton sampling near the proposed
FSRU facility on May 24, 2006 with a 1m? tucker trawl (Normandeau, 2006b).
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Because stage |V |obsters primarily occur in the upper meter of the water column (Harding et d.
1982, 1987, Hudon et al. 1986, Annis 2005) their probability of being entrained in the proposed
FSRU’ s seawater intake 35-45 feet below surfaceis likely minima. However, settling behavior
(diving and bottom testing) may begin 2-6 days after molting to stage IV (Cobb et al. 1989) and
stage |V lobsters could be exposed to entrainment in the FSRU facility while testing the bottom
and settling. The presence of atherma gradient in the study area above the intake depth of the
proposed FSRU facility may serve as a physicd barrier to diving stage |V larvae. Boudreau et d.
(1991, 1992) proposed that thermocline strength and depth were important variables influencing
the vertica distribution of stage |V lobsters. In laboratory studies they found that stage |V post-
larvae stayed above the thermocline (Boudreau et a. 1991) and that settlement was greatly
reduced in the presence of a thermocline compared to unstratified controls (Boudreau et a. 1992).
In particular, therma gradients from 18.5 to 13.5 °C and from 16.5 to 12 °C were sufficient to
significantly reduce the proportion of settled post-larvae, suggesting that the thermocline could be
perceived as a negative physical cue by settling post-larvae. However, these [aboratory induced
gradients were stegper than those observed in the study area and it is unknown if the substantialy
weaker thermd gradient observed in the study area at ~ 40 feet and warmer overdl temperatures
observed in Long Island Sound compared to northern New England and Canadian waters would
serve as a barier for settling stage |V post-larvae before they were exposed to the intake depths
of the FSRU facilities. Results of Boudreau et d.’ s (1992) |aboratory experiments indicate that
the proportion of post-larvae crossing the thermocline increases with a decrease in the intensity of
the stratification. Although the thermal gradient could be perceived as anegative physica barrier
by settling lobsters, physiology and ultimately surviva of post-larvae is dso influenced by
absolute temperature and it i's suspected that the behaviord response of post-larvae to thermal
gradients would be different under different therma conditions (Boudreuau et d. 1992).
MacKenzie (1988) demonstrated elevated mortdity of post-larvae below 12 °C. Because bottom
temperatures in study areain mid-June-August are considerably warmer than 12 °C it does not
gppear that temperature conditions on the bottom in the study area are likely to be detrimental to
settling lobster as has been suggested for areas with stronger therma gradients and colder bottom
temperatures in Maine (Annis 2005).

Boudreau (1992) hypothesized that post-larvae avoid crossing a thermocline while testing the
bottom and settling in order to conserve energy and enhance their chances of settling in nearshore
areas which are more likely to contain cobble and substrate with perforated crevices and

macroal gal cover where juvenile |obsters prefer to settle (Botero and Atema 1982, Johns and
Mann 1987). Stage |V post-larvae are found more frequently closer to shore (Rogers et al. 1968,
Katz et d. 1994) and the water column in nearshore shallow watersis typicaly warmer and
unstratified. Remaining above the thermocline could reduce energy costs associated with
repeated descents because it would only be when settling post-larvae are close to shore that their
search for suitable microhabitats would be unhindered in a homogeneous water column.

Preferred areas for lobster settlement in Long |sland Sound are poorly understood. Studiesin
other areas suggest that [obster prefer to settlein shallow (< 10 m) cobble habitat (Incze and
Wahle 1991, Wahle and Steneck 1991, Cobb and Wahle 1994). However, the Centra Basin of
Long Idand Sound has relatively little cobble (Poppe et a. 2000). While newly settled lobsters
are cgpable of using a variety of habitats such as peat beds in sat marshes and edgrass,
environments comprised of rocks and boulders represent the “ safest” habitat against predation
(Lavali and Barshaw, 1986; Barshaw and Lavdli, 1988, Wahle and Steneck 1992). Featureless
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habitats (those lacking in significant relief or vegetation) represent the “worst” habitats (Lavali
and Krupp 1998). The bottom type in the proposed FSRU location is primarily sandy silt anditis
unknown if lobsters settle to this areain Long Island Sound. For the basis of caculating an
entrainment estimate for settling stage IV post-larvae found in the Broadwater survey it was
assumed that the therma gradient present does not pose a barrier to vertica distribution and that
the stage IV larvae collected in the neuston in the project area are settling the bottom in the
sampling area rather than settling inshore and are therefore exposed to possible entrainment in the
FSRU’ s seawater intekes. Because the neuston net was towed with the mouth gpproximately
only haf (0.5 m) submerged to ensure the surface waters were skimmed, precise volume
estimates for each sample are not possible due to wave action constantly altering the proportion
of the net mouth that was submerged. However, for the most part, sampling was conducted in
relatively cam sea conditions and on average the net mouth was fished at a depth of 0.5 m.
Volume of each tow can then be estimated based on the distance of the tow determined from the
flowmeter counts multiplied by the area of the mouth of the net underwater (2 mwidenet*0.5m
submerged depth). Mean density (#1000 m®) of stage |V |obsters from samples during their
period of occurrence in our twelve samples from 16 June-14 July is 0.99/1000m® + 0.36 standard
error. The vdidity of abundance estimates derived from neuston samples relies on knowing the
proportion of the popul ation represented in the sample. 1t is assumed that 65 % of stage |V
|obsters present in the study area were present in the upper 0.5 m based on the recently published
in situ observations by Annis (2005). Although caution is warranted in using a correction factor
developed off the coast of Maine to Long Island Sound based on differing hydrography and
potential differencesin verticd distribution of lobster larvae, this vaue is considerably more
conservative than previous estimates of abundance reporting 78-96% (Harding et d. 1982, 1987,
Hudon et d. 1986) of the stage |V population in surface samples. This 65% correction factor
may a so be conservative because it represents an average throughout the course of the day,
however Annis (2005) noted that the proportion in the top 0.5 m was higher when light levels
were lower in the morning prior to 1000 h which is when our samples were collected. Although
it is not possible to determine the first occurrence of stage 1V larvae in the project area because
they were present in our first sample, using surface temperature data from the Central Basin Buoy
(Station 44039), the temperature specific development rates of MacKenzie (1988) and assuming
first hatch date of May 24, it is not likely that stage |V lobsters were present in significant
numbers prior to around June 10, 2006. The average density of 0.99 stage |V |obsters/1000m® is
multiplied by 1.54 to account for the 65 % adjustment from Annis (2005) which is then
multiplied by average daily water intake (28.2 MGD, 106,750 m*day) of the proposed FSRU
facility to estimate number entrained per day (163 stage |V |obsters) during the period in which
post-larvae (June 16-July 14) were collected. However, because stage IV post-larvae primarily
occur in surface waters well above the seawater intake depth of the FSRU facility, they would
likely only be exposed to entrainment risk during periods of settling behavior and these
entrainment va ues are likely conservative estimates. The conservative nature of these estimates
i's supported by the absence of stage |V lobstersin the 232 samples collected in the Intermediate
depth strata and 118 samples collected in the degp sampling strata of the 2002 Poletti data subset
to represent the Broadwater FSRU location (Normandeau 2006).
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Figure2. Temperature (°C) profile at the site of the proposed Broadwater FSRU facility
in June and July, 2006. Temperature was recorded at five foot interva s from
one foot below the surface to one foot above the bottom.
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Figure3. Dissolved oxygen (D.O, mg/L) profile at the site of the proposed Broadwater

FSRU facility in June and July, 2006. Dissolved oxygen concentration was
recorded at fivefoot interva s from one foot below the surface to one foot above

the bottom.
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Figure4. Sdinity (parts per thousand, ) profile a the site of the proposed Broadwater
FSRU fecility in June and July, 2006. Salinity was recorded at five foot
intervas from one foot below the surface to one foot above the bottom.
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Figure5. Average density (#1000 m? within 0.5 m depth + standard error) of lobster
larvae by stage (I-1V) collected in neuston samplesin the vicinity of the
proposed Broadwater FSRU facility in centrd Long I sland Sound in June and
July, 2006.
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Figure6. Sampling regions for the 2002 Poletti | chthyoplankton Program.
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Table 1.

Cp06-54-000,

ET AL.

Lobster larvae density (#/1000m” within 0.5 m depth) by stage in each neuston
sample conducted in the vicinity of the proposed Broadwater FSRU, June 16-
July18, 2006.

Sample #

Date

Stage #/1000m”

1

16-Jun-06

I

Il

1

\Y
SUM

0.85
2.56
2.99
0.43
6.82

Sample #

Date

Stage #/1000m°”

I

Il

]

v
SUM

0.00
1.57
0.52
1.05
3.14

10

I

Il

]

Y/
SUM

0.00
0.00
213
1.06
3.19

11

23-Jun-06

I

Il

]

v
SUM

0.00
0.00
0.41
0.00
0.41

12

14-Jul-06

I

Il

i

v
SUM

0.00
0.00
0.40
0.00
0.40

I

I

i

v
SUM

0.00
0.00
0.39
0.00
0.39

I

I

0

Y
SUM

0.00
0.46
0.00
0.46
0.91

I

Il

]

Y/
SUM

0.85
0.00
1.71
0.00
2.56

13

I

Il

]

v
SUM

1.52
0.00
1.01
0.00
2.53

14

30-Jun-06

I

Il

]

\Y)
SUM

0.00
0.00
1.77
1.77
3.54

15

18-Jul-06

I

I

1l

Y
SUM

0.00
0.00
0.00
0.00
0.00

I

I

i

v
SUM

0.00
0.00
0.00
0.00
0.00

I

I

1l

v
SUM

0.00
0.00
0.00
0.00
0.00

I

Il

]

v
SUM

0.00
0.00
1.1
0.00
1.11

16

I

Il

]

v
SUM

0.00
0.40
0.00
1.19
1.59

17
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18

28-Jul-06

I

I

i

v
SUM

0.00
0.00
0.00
0.00
0.00

I

I

1l

v
SUM

0.00
0.00
0.00
0.00
0.00

I

I

0

Y
SUM

0.00
0.00
0.00
0.00
0.00
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Table 2. Stage specific density, daily entrainment estimates, and biweekly entrainment estimates for lobster larvae derived from the -

Poletti Ichthyoplankton Program (March 4-August 5, 2002) subset to represent the proposed Broadwater FSRU location*. e

o}

'_J.

Intermediate Depth Strata (total depth 6-30 m) g

Stage 1 Stage 11 Stage 111 Stage IV (o

# # # # # # # # -

#/ Entrained/ Entrained/ #/ Entrained/ Entrained/ #/ Entrained/ Entrained/ #/ Entrained/ Entrained/ Bs)

Biweekly Survey 1000m’® Day Survey 1000m’® Day Survey 1000m* Day Survey 1000m* Day Survey Q

1(March 4 -27) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 8

2 (March 18-31) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 =
3 (April 1-14) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0

4 (April 15-28) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 o

5 (April 29-May 12) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 Ny

6 (May 13-26) 23 249 3,487 0.0 0 0 0.0 0 0 0.0 0 0 =

7 (May 27-June 9) 20.3 2,163 30,289 0.3 28 399 0.0 0 0 0.0 0 0 N

8 (June 10-23) 22 235 3,288 0.8 85 1,196 0.0 0 0 0.0 0 0 3

9 (June 24-July 7) 3.1 331 4,633 11 121 1,694 0.0 0 0 0.0 0 0 o

10 (July 8-July 21) 0.5 53 747 0.8 85 1,196 0.5 57 797 0.0 0 0 =

11 (July 22-August 5) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 w

March 4-August 5 Sum 42,444 4,484 797 0 o

Deep Depth Strata (total depth >30 m) S

Stage 1 Stage 11 Stage 111 Stage IV el

# # m # # m # m =

#/ Entrained/ Entrained/ #/ Entrained/ Entrained/ #/ Entrained/ Entrained/ #/ Entrained/ Entrained/ g

Biweekly Survey 1000m’ Day Survey | 1000m’ Day Survey | 1000m’ Day Survey | 1000m’ Day Survey 2}

1(March 4 -27) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 @

2 (March 18-31) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 I
3 (April 1-14) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0

4 (April 15-28) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 @

5 (April 29-May 12) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 o

6 (May 13-26) 1.4 153 2,142 0.0 0 0 0.0 0 0 0.0 0 0 T

7 (May 27-June 9) 122 1,302 18,233 0.0 0 0 0.0 0 0 0.0 0 0 s

8 (June 10-23) 12 132 1,843 0.0 0 0 0.0 0 0 0.0 0 0 &

9 (June 24-July 7) 125 1,338 18,731 0.0 0 0 0.0 0 0 0.0 0 0 o

10 (July 8-July 21) 0.4 39 548 1.4 153 2,142 0.0 0 0 0.0 0 0 S

11 (July 22-August 5) 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0 0 -

March 4-August 5 Sum 41,497 2142 0 0 H

b

&

*Lobster density represents the average from Poletti regions 7,8,9 collected with Tucker Trawls. Density was multiplied by the maximum estimated daily seawater intake of the
proposed FSRU facility and associated LNG carriers (106,750 m*/day) to yield the estimated number entrained per day and per survey (14 days).
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I hereby certify that I have this day served the foregoing document upon each
person designated on the service list compiled by the Secretary in this proceeding in
accordance with the requirements of Rule 2010 of the Commission’s Rules of Practice
and Procedure.

Dated at Washington, D.C. this 20th day of September 2006.

/s/ Brett A. Snyder
Brett A. Snyder
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