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Abstract:

Seven department fish ladders on six coastal rivers were operated during the spring of 2006 to facilitate the passage of river herring, American shad, and other diadromous fish over dams.

Estimated numbers of river herring monitored in 2006 were lower than in 2005 in all six rivers.  This may be attributed to very high flows in all monitored rivers during the river herring run.  Record low returns at the Exeter and Taylor river ladders are of concern.  Additional potential causes of low return numbers in the Exeter are low dissolved oxygen levels in the river, impediments to downstream migration, excessive harvest by the in-river fishery, or a combination of the three.  

Alewives constituted 98.4% of the returns in the Lamprey and 100% of returns to the Exeter River and dominated returns in the Cocheco.  Blueback herring constituted 100% of the Oyster River returns and 69.5% in the Winnicut River.

Confirmed returns of shad to the fishways were six in the Lamprey and two in the Exeter.  The number of returns to the Exeter River has steadily decreased since 2003.  It is speculated that the reduction in returns could be due to water quality problems in the impoundment above the dam, incidental mortality in the in-river fishery for river herring, or unusually high spring river flows for the past two years.

In an effort to enhance spawning stocks, approximately 1,240 river herring were transferred into impoundments or lakes in the Great Bay Estuary drainage.  No American shad were stocked this year as low numbers at the Merrimack River fish lift prevented collection of gravid adults.
In addition, other collaborative efforts to restore anadromous fish to NH coastal rivers include dam removal or fish passage projects on three rivers in coastal New Hampshire.  A feasibility study has recently been completed on fish passage options for the Winnicut River dam with dam removal and installation of a technical fishway at the next upstream barrier being chosen as the preferred option.  At the Taylor River, a feasibility study is underway to examine dam removal or dam repair options at a dam which currently has a denil fish ladder. Finally, a nature-like fishway has been selected as the preferred option for fish passage at Wiswall Dam on the Lamprey River and an Environmental Assessment for this project has been developed and approved.
Introduction:
New Hampshire's coastal rivers once supported abundant runs of anadromous fish including river herring (alewife and blueback herring) and American shad (Jackson 1944).  These and other diadromous species had been denied access to historical, freshwater, spawning habitat since the construction of dams during the nineteenth century textile boom in most New Hampshire coastal rivers.  Restoration of diadromous fish populations began with construction of fishways in the late 1960’s and early 1970’s by the New Hampshire Fish and Game Department (NHFGD) in the Cocheco, Exeter, Oyster, Lamprey, Taylor, and Winnicut rivers.  These fishways re-opened acres of freshwater spawning and nursery habitat for river herring, American shad, and other diadromous fish.  Since that time, modifications have been made to the Winnicut and Exeter River fish ladders to improve their effectiveness at passing alosids.  In addition, a holding trap was constructed at the top of the Exeter River fish ladder to facilitate monitoring of spawning populations by allowing accumulation of spawning fish for enumeration and collection of biological data.

River herring serve as a significant bait source for commercial and recreational fisheries, while American shad are an important recreational fish.  Unlike Atlantic salmon and American shad, whose populations were eliminated by barriers, river herring only declined in numbers by utilizing the small area of freshwater at the base of dams during spring runoffs for spawning. 

The river herring runs have been monitored at NHFGD fish ladders since initiation of restoration programs in the early 1970’s.  Estimates, or actual counts, of fish passed above the fishways, as well as biological data such as sample lengths, sex ratios, and age data, are available from previous studies under Federal Aid Projects F-36-R and F-50-R.  In addition, river herring have been trapped and transported to various upriver locations for stock enhancement purposes since 1984.

Methods to restore river herring runs in other areas have been through stocking of alewives (Rounsefell and Stringer 1945, Bigelow and Schroeder 1953), construction of fishways, or removal of defunct dams (Havey 1961).  Some dam owners are required to provide fish passage and decisions must be made whether it is more appropriate to design and construct a fishway or to remove the dam. These options are often decided collaboratively with state and federal agencies. 

American shad restoration began in 1972 with egg stocking that continued under Federal Project F-36-R from 1973-1978.  This technique produced returns of fewer than a dozen shad per year.  With the purchase of circular transport tanks in the 1980’s came the opportunity to transport live, gravid adults to spawn in the coastal river systems.  From 1980 to 1988, between 600 and 1300 gravid adult shad were transported annually and distributed into the Exeter, Lamprey, and Cocheco rivers.  In 1989, the decision was made to concentrate restoration efforts to one river at a time.  The Exeter River was the river chosen for the American shad restoration program due to the presence of two fish ladders that provided access to the greatest amount of habitat.  This river continues to be the focus of the American shad restoration program, however, residual American shad spawning runs still remain in the Lamprey and Cocheco rivers.

Procedures:

Seven fish ladders on six, coastal, New Hampshire rivers (Cocheco, Exeter, Lamprey, Oyster, Winnicut, and Taylor rivers) were operated from early April to mid-July, to allow for the passage of river herring, American shad, and other diadromous fish to historical spawning and nursery areas.  All fish passing through the fishways were either enumerated by hand passing or counts estimated by use of Smith-Root Model 1100/1101 electronic fish counters.  Numbers recorded by the electronic fish counters were adjusted by results of daily calibration consisting of a minimum of ten, one-minute counts. During daily visits, fish ladders and electronic counting devices were examined to assure proper functioning.

The Pickpocket fishway, which is the second fish ladder on the Exeter River, was operated without monitoring to provide upstream and downstream fish passage from spring through fall.  The Lamprey River ladder was operated as a swim through operation with a counting tube until the majority of the river herring run had passed.  The ladder was then set as a trap to allow for enumeration and biological sampling of American shad that arrive later in the spawning season.

Biological samples consisting of length measurements, sex determination, and scale samples, used for age determination, are attempted to be collected from river herring and shad at all fishways each year.  The biological sampling target for river herring was attempted to be apportioned between the beginning, middle, and end of the spawning runs of each river.  Each sample attempted to gather approximately 150 length measurements (total length in millimeters) and sex determinations.  Scale samples were taken from approximately 50 fish per sample when available.  All American shad encountered were sampled unless the fish showed signs of stress due to elevated water temperatures.

All alosid scale samples were cleaned, mounted between glass slides, and aged using an overhead scale projector via methods described by Marcy (1969) for river herring and Cating (1953) for American shad.  Scale samples were also used for species determination for river herring (i.e. alewife or blueback herring) using methods described by MacLellan et al. (1981).  Two or more readers independently aged all scales.

NHFGD and the U.S. Fish and Wildlife Service (USFWS) attempted to continue a cooperative trap and transport program to enhance river herring runs in New Hampshire rivers.  During the spawning run, river herring were attempted to be collected from coastal fishways and transported to impoundments or lakes in coastal watersheds.  Any out-of-basin transfers are limited to 10% of the spawning run from rivers that river herring are transferred from if conditions allow.

Additional anadromous fish restoration activities included NHFGD working with dam owners, state and federal agencies and non-governmental organizations (NGO’s) to remove ageing dams and implement fish passage projects.  The assistance included site reviews, consultation on the types of fishways or extent of dam decommissioning, project reviews, administrative assistance, interviewing of consultants, obtaining necessary permits, public education and attendance at various public hearings.

Results:

River Herring

Estimated numbers of spawning adult river herring passing through the six monitored fishways in 2006 ranged from 16 at the Exeter River fish ladder to 23,471 at the Lamprey River ladder (Table 1-1).  Cumulatively, river herring numbers were down 52% from 72,346 in 2005 to 34,809.  The earliest runs occurred in the Lamprey beginning on April 20 and the Cocheco beginning on April 21 (Table 1-2).  River herring runs in the Exeter, Oyster, Taylor, and Winnicut rivers started in early to mid-May.  Water temperatures during the peak of the spawning runs ranged from 11.0( C in the Lamprey River to 24( C in the Winnicut River.


A summary of biological data collected from samples of river herring migrating through all the fishways is presented in Table 1-3.  Males dominated biological samples in all rivers except the Exeter River.  Females had a larger mean length than males in all sampled locations.  Alewives comprised 100% of fish sampled in the Exeter River spawning runs, and the largest percentage of the runs in the Lamprey and Cocheco rivers.  Blueback herring made up 100% of sampled fish in the Oyster and the largest percentage of the run in the Winnicut River.

Tables 1-4 and 1-5 presents results of age analysis of the 471 river herring scales sampled from all fishways in 2006 except the Taylor River.  Age IV and V fish dominated the river herring sampled in the Winnicut and Oyster rivers (71.3% and 66.6%, respectively).  Age V+ dominated river herring runs in the Cocheco, Exeter, and Lamprey rivers (84.6%, 93.7%, and 86.9, respectively).  Older fish (VII+) were represented in all sampled rivers in 2006.  The samples from the Cocheco and Exeter rivers did not have any age III recorded during the spawning run.  


Approximately 1,240 river herring were transferred via stocking trucks from two coastal fishways to enhance local spawning runs; 240 from the Lamprey River and 1,000 from the Cocheco River (Table 1-6).  In-river transfer of fish within the Lamprey River drainage included 200 river herring to above the Wiswall Dam, the second obstruction in the river.  Cocheco in-river transfers included 500 fish to Bow Lake and 500 above the Watson Dam.  Forty river herring taken from the Lamprey River and stocked in the Exeter River above the Great Dam fishway were the only out-of-basin transfers in 2006.  Table 1-7 shows a complete list of river herring enhancement stockings since 1984.  

American Shad


In 2006, no supplemental American shad stocking occurred to the Exeter River due to high flows and low returns to the Lawrence fish lift on the Merrimack River (Table 1-8).

Confirmed shad returns to coastal fishways were two in the Exeter River and six in the Lamprey River (Table 1-9).  No shad returned to the Cocheco River in 2006 (Table 1-9).  Shad returns to the Exeter ladder occurred between May 7 and June 4 and at the Lamprey ladder from May 27 to June 4 (Table 1-10). The Lamprey ladder was operated as a swim through equipped with an electronic counting device until May 14.  During that period, some shad may have passed through the ladder without being observed.  


Of the eight shad from which biological samples were taken in the Exeter and Lamprey rivers, the sex ratio was approximately 3:1 with five males and two females, and one unknown (Table 1-10).  Sampled shad ranged from age V to VIII with the majority being age VI (50%).  Average length for females was greater than males in the Lamprey River, while the Exeter River was indeterminate due to the presence of a shad of unknown sex.  Table 1-11 shows the complete age distribution for American shad encountered in each river.

Additional Cooperative Anadromous Fish Passage Projects:

In 2006, NHFGD staff participated with New Hampshire’s Rivers Restoration Task Force (RRTF).  The RRTF is comprised of state, federal and NGO’s in a collaborative effort of exploring opportunities to selectively remove dams for a variety of reasons, including the restoration of rivers, fish movement and eliminating public safety hazards.  


Three projects that will enhance anadromous fish passage in coastal rivers are currently in either a planning phase or undergoing a feasibility study.  A feasibility study was completed for a dam owned by NHFGD on the Winnicut River in Greenland, NH to provide alternative options for river restoration at that site.  The options analyzed included no action, install an Alaska Steeppass fishway, or remove the dam and install a technical fish pass system at the next barrier.  In 2005, a decision was made to remove the dam and install a fish passage system at the Rt. 33 bridge obstruction.  State agencies, the River Restoration Task Force, and the consultant have initiated the second phase that includes fishway design, dam removal planning, plus riverbed and shoreline restoration. 


The NHFGD has also been working this year with the Army Corp of Engineers (ACOE) and several other federal, state and local agencies and organizations to evaluate options for fish passage of anadromous fish at Wiswall Dam on the Lamprey River in Durham.  Three major options were evaluated: dam removal, a denil fish ladder, and a nature-like fishway.  In 2004, the nature-like fishway was chosen as the preferred option for this location.  In 2005, a draft Environmental Assessment (EA) was prepared and subsequently approved with a finding of no significant impact.  Since then, activity on this project has been limited due to the loss of funding from the ACOE budget.


In 2005, the NH Department of Transportation (NHDOT) had received a dam inspection addressing safety concerns of the degrading Taylor River dam.  This dam is connected to an interstate bridge and fish ladder complex.  Due to the concerns with water quality in the Taylor River impoundment affecting diadromous species, a failing overflow culvert, and the degrading dam/bridged/fish ladder complex, a feasibility study was initiated by a work group consisting of members of the RRTF and NHDOT.  The feasibility study started in 2006 to further define the options available in addressing the above concerns and is anticipated to be complete in 2007.

Discussion:

River Herring

In 2006, the numbers of spawning adult river herring utilizing New Hampshire coastal fishways decreased to lows not recorded since the mid 1970’s (Table 1-1).  For a second consecutive year, high flows during the spawning run were a significant factor in lower return numbers in all six rivers during 2006.  Figure 1-1 gives an example of the high water discharge rate in the Exeter River and can be compared to the nine-year mean daily discharge from April through June.  High flows prevent river herring and American shad from either finding the entrances of fishways or traversing the current to a fishway.  The Lamprey and Cocheco Rivers had an early pulse of river herring prior to the high flow conditions and were able to pass more river herring than other rivers with later spring runs, such as the Exeter and Winnicut rivers.

The return of spawning alewives to the Lamprey River ladder decreased by approximately half for the second year in a row (Table 1-1).  However, the total number of returning river herring was the largest of the six rivers monitored.  This river traditionally has the earliest run of river herring and this likely allowed the majority of fish to pass before the extended period of high flows set in.  Figure 1-2 shows the peak flows in the Lamprey River exceeded 9,000 cfs which exceeded values calculated for the 100-year flood event (~8,200 cfs).  Early run transfers of spawning fish to upper impoundments (Tables 1-6 and 1-7) occurred making use of inaccessible spawning and nursery habitat within the Lamprey River drainage system.  This should influence increases in returns in future years.  

The Cocheco River spawning run also experienced an early pulse of river herring, producing the third highest returns to any monitored coastal river in 2006.  Returns, however, may also have been affected by the high flow conditions, and thus 2006 experienced the lowest return since 1988.  Between 2000 and 2003 the returns to this river system increased to a peak of 71,199 river herring.  Since 2003, the Cocheco River run decreased from 47,934 in 2004 to 4,318 in 2006 (Table 1-1).  Periods of high flow in both 2005 and 2006 are likely major contributors to the sharp decline.  

Despite the decline in returns, the early run allowed for the transfer of spawning fish to upper impoundments.  Approximately 500 river herring were transported to Bow Lake and 500 to above the Watson Dam; both are impoundments within the watershed (Tables 1-6 and 1-7).  The Bow Lake transfers appear to have driven the sharp increases in the spawning run observed since the 1990s, most notably during 1992, 1995, 2002 and 2003 (Table 1-1).

High flows appear to have affected the smaller river systems in the same way as the Lamprey and Cocheco rivers.  The Exeter River returns were the lowest number observed since the installation of the fish trap in 1991 (Table 1-1). The returns in the Oyster River were the lowest numbers observed since 1985.  The Taylor River run has continued its precipitous decline to record low levels for the sixth year in a row.  The Winnicut River returns were the lowest since 2000.


While modifications to the Exeter River ladder in 2000 had an initial positive impact on river herring usage of the fish ladder, the numbers have continued to drop since 2001 (Table 1-1).  This indicates that the problem is most likely not with the ladder but with the spawning run, recruitment, and possibly flow regime.


Two factors effecting recruitment and out-migration of adults in the Exeter River may be poor water quality and impediments to downstream migration.  Problems with closing the floodgate at the Exeter River dam, water withdrawals from the river by the Town of Exeter, or a combination of both have resulted in prolonged periods of limited or no flow over the Great Dam at various times of the year.  The lack of flow over the dam restricts downstream migration of both adult and juvenile river herring subjecting them to periods of poor water quality.  Water quality data collected by the Cooperative Institute for Coastal and Estuarine Environmental Technology (CICEET), from 1995, (Rich Langan, unpublished data) has indicated low levels of dissolved oxygen between two and five mg/L in impoundment reaches of the Exeter River.  More recent water quality data collected in 2004 by NHFG during a study of the effects of passage impediments and environmental conditions on out-migrating juvenile American shad have also indicated levels of dissolved oxygen below 5 mg/L (Smith et al, 2005).  These low levels of dissolved oxygen were recorded even with the Exeter River’s 2004 average daily flows being above the eight-year median daily flow between July and September (Figure 1-3).  The decreased returns of spawning river herring to the Exeter River may be due to poor survival of juvenile out-migrating river herring as well as adults during periods of low water quality from June through October.  Currently, state agencies and the Town of Exeter are working to improve the water quality of impounded reaches of the Exeter River and to allow better passage of emigrating anadromous fish.


Another potential reason for this river’s precipitous drop in returns could be in-river harvest of river herring in the past by coastal netters.  The most significant harvest pressure of river herring in this river occurs at a constriction point below the String Bridge located immediately down river of the dam. This may have resulted in excess harvest of river herring before they are able to utilize the ladder to access spawning habitat. 


The largest reported harvest of river herring in NH each year occurs in the Exeter/Squamscott River averaging approximately 29,000 fish annually between 1999-2003 (see Project I Job 6).  Harvest during 2006 was approximately 1,506 river herring.  This is very close to approximately 1,704 river herring harvested in 2005.  The decline seen the past two years may in part be due to regulations instituted in 2005, in response to the declining spawning runs to this river, that restricted the harvest of river herring by coastal netters (See Project 1 Job 6).  

In 2006, the Oyster River saw another decline in river herring numbers (Table 1-1).  As with the other rivers, high flows throughout the run may account for much of this decline.  Blueback herring, which arrive from the ocean markedly later than alewives, constitute 100% of the run in this river.  Unpublished data acquired by the University of New Hampshire in the fall of 2005 showed hypoxic conditions in the impounded reaches of the Oyster River (Brian Smith, personal communication).  Additional monitoring is needed to determine whether or not poor water quality is affecting the river herring run in this river.

River herring using the Taylor River fish ladder have continued to decrease dramatically from 44,010 fish in 2000 to 147 in 2006 (Table 1-1).  The large accumulations of fish historically seen below the dam were not observed in 2006.  The low returns and the difficulty in obtaining biological samples at this fishway have posed problems in obtaining sufficient samples to accurately assess the population in this river system.  No samples were collected in 2006.

This year marks the ninth year of successful passage of river herring through the Winnicut River step-weir fish ladder since modifications were made in 1997.  Further changes to the water flow dynamics of the fishway were implemented in 2002 by altering the position of chutes located within each pool of the ladder.  These changes served to effectively reduce the eddying effect of water within each pool, which may have prevented fish from utilizing the ladder in previous years.  Due to high flows in 2006, the entrance to the fishway may have been difficult to find accounting for the lowest returns since 2000 (Table 1-1).  The age distribution for 2006 was comprised mostly of age IV and age V individuals accounting for 71.3% of the run (Table 1-4).  This shows the 2001 and 2002 year classes continue to be strong as they were in 2005.

American Shad


In 2006, total number of returning American shad decreased from 23 in 2005 to 8 (Table 1-9). Returns in all three rivers decreased for the second year.  High flows before and during the runs in monitored rivers may account for this occurrence.  The return numbers in the Lamprey River exceed those of the Exeter River for a second year in a row, while there were no recorded returns to the Cocheco River.  


While all rivers declined, none did so to the extent of the Exeter River, which have dropped from 163 fish in 2000 to two fish in 2006 (Table 1-9).  However, the low returns over the last two years is likely due to the flood conditions during peak spawning time.


Past declines of shad returns to the Exeter River may be the result of possible straying.  Despite American shad’s strong philopatry, there have been studies indicating straying occurs and spawning can occur within other nearby river systems (Waters, et al., 1999).  Considering the close proximity of the confluence of the Lamprey and Squamscott/Exeter River into Great Bay, straying of these two shad populations may be occurring between the two river systems. Despite restoration efforts that focused on the Exeter River for the past 19 years, shad returns to the Lamprey exceeded that of the Exeter River in each of the past three years.


Another potential factor affecting Exeter River shad returns is the combination of low dissolved oxygen and downstream passage problems in the Exeter River discussed in the previous river herring section.


The ocean intercept fishery in the mid-Atlantic had undergone a gradual phased closure, ending in 2004.  It appears that the closure has not necessarily had a positive affect on shad returns in New Hampshire.  Though the harvesting of American shad in state waters is prohibited by methods other than angling, there is potential for incidental mortality of this small stock of shad occurring within the river herring fishery described in the previous section.


No adult shad were transferred in 2005 or 2006 due to concern over low returns to the fish lift in the Merrimack River because of floodwater conditions (Table 1-9).  This lack of supplemental stocking should be evident in return numbers in future years.


The Cocheco River had no shad return in 2006 most likely due to flood conditions during peak spawning period however, it also appears that wild returns from previous stockings may be insufficient to sustain a spawning population in the Cocheco River.

Additional Cooperative Anadromous Fish Passage Projects:


The three fish passage projects NHFGD has been working on with other state, federal and NGO’s are dam removal projects in the Taylor and Winnicut Rivers and fish passage at Wiswall Dam in the Lamprey River.


A collaborative effort is exploring fish passage options at Wiswall Dam, which is the second dam above head-of-tide on the Lamprey River.  Representatives from several federal, state and local agencies and organizations formed the Wiswall Fish Passage Working Group in 2001 to assess various fish passage options for this dam.  The three major options evaluated were dam removal, construction of a Denil fish ladder or construction of a nature–like fishway.  In 2004, the Working Group selected the latter option as the preferred alternative and a draft Environmental Assessment was prepared and approved with a finding of no significant impact for the nature-like fishway.  The Working Group is currently working to obtain funds for development of final design plans in preparation for seeking final approval and eventual construction of the project.


The NHFGD had received a Dam Inspection Report from New Hampshire Department of Environmental Services (DES) Dam Bureau regarding safety concerns of the Winnicut River head-of-tide dam.  This dam was rebuilt in the 1950’s for waterfowl habitat and a Canadian step-weir ladder was installed for anadromous fish passage.  Since this fishway is an inefficient design for the predominant anadromous species using this river, river herring, the NHFGD initiated a feasibility study in collaboration with DES-Office of State Planning and the National Oceanic and Atmospheric Administration to show the various options available for efficient fish passage.  The feasibility study was completed in 2004 and outlined the options of repairing the dam, redesigning a more efficient fish passage or dam removal.  In 2005, the NHFGD decided to remove this dam and build a fish passage system at the next barrier.  The remaining in-river obstacle is rock-fill placed in the river created during the construction of the Route 33 Bridge about 100 feet above the current dam.  State and federal agencies have reconvened a workgroup to oversee consultants in designing a fish passage system, obtain permits, and produce a decommission design for dam removal and habitat restoration which will be complete in 2007.  This will enhance overall river restoration potential for both river herring and rainbow smelt.


The NH Department of Transportation had received a dam inspection report from DES regarding the degrading Taylor River dam that is also connected to an interstate bridge.  The dam/bridge complex has a fish ladder attached owned by NHFGD.  Additional concern with this complex was an overflow culvert a short distance south of the dam that was failing and in need of immediate repair.  The Taylor River dam complex is currently being evaluated for either repair or removal by state and federal agencies.  A feasibility study will be completed in 2007 that will not only assess options for the dam, but will also monitor water quality within the impoundment above the dam to determine if it may be causing a detrimental effect on both immigrating and emigrating diadromous fish.

In summary, the total number of river herring using all coastal river fish ladders in 2006 decreased by 52% from 2005 levels.  Persistent high flows during the river herring run is the most probable factor behind these low returns.  The Taylor and Exeter rivers continue to exhibit signs that restoration problems are occurring, and the Oyster River is beginning to show indications of similar concern.  These problems may be resulting from downstream migration impediments during prolonged low water conditions, poor water quality within the impoundments during emigration, over harvesting from in-river fisheries, or a combination of the three.

These same conditions may also be affecting declining returns of American shad to the Exeter River despite active restoration efforts.  Other potential factors that may be contributing to the decline could be incidental mortality in the in-river fishery for river herring and straying into the adjacent Lamprey River.

Finally, NHFG has continued to work with state and federal agencies and NGO’s in initiating dam removal or fish passage options at dams in three coastal New Hampshire rivers (Winnicut, Taylor, and Lamprey rivers) in order to increase and improve anadromous fish spawning and rearing habitat.
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Table 1-1.
Numbers of river herring returning to fishways on coastal New Hampshire rivers from 1972 - 2006.

	YEAR
	COCHECO RIVER
	EXETER RIVER
	OYSTER RIVER
	LAMPREY RIVER
	TAYLOR RIVER
	WINNICUT RIVER
	ANNUAL TOTAL

	1972
	 
	 
	 
	2,528
	 
	+ 
	2,528

	1973
	 
	 
	 
	1,380
	 
	+ 
	1,380

	1974
	 
	 
	 
	1,627
	 
	+ 
	1,627

	1975
	 
	2,639
	 
	2,882
	 
	+ 
	5,521

	1976
	9,500
	 
	11,777
	3,951
	450,000
	+ 
	475,228

	1977
	29,500
	 
	359
	11,256
	 
	2,700++
	43,815

	1978
	1,925
	205
	419
	20,461
	168,256
	3,229++
	194,495

	1979
	586
	186
	496
	23,747
	375,302
	3,410++
	403,727

	1980
	7,713
	2,516
	2,921
	26,512
	205,420
	4,393++
	249,475

	1981
	6,559
	15,626
	5,099
	50,226
	94,060
	2,316++
	173,886

	1982
	4,129
	542
	6,563
	66,189
	126,182
	2,500++
	206,105

	1983
	968
	1
	8,866
	54,546
	151,100
	+ 
	215,481

	1984
	477
	 
	5,179
	40,213
	45,600
	+ 
	91,469

	1985
	974
	 
	4,116
	54,365
	108,201
	+ 
	167,656

	1986
	2,612
	1,125
	93,024
	46,623
	117,000
	1,000++
	261,384

	1987
	3,557
	220
	57,745
	45,895
	63,514
	+ 
	170,931

	1988
	3,915
	 
	73,866
	31,897
	30,297
	+ 
	139,975

	1989
	18,455
	 
	38,925
	26,149
	41,395
	+ 
	124,924

	1990
	31,697
	 
	154,588
	25,457
	27,210
	+ 
	238,952

	1991
	25,753
	313
	151,975
	29,871
	46,392
	+ 
	254,304

	1992
	72,491
	537
	157,024
	16,511
	49,108
	+ 
	295,671

	1993
	40,372
	278
	73,788
	25,289
	84,859
	+ 
	224,586

	1994
	33,140
	*
	91,974
	14,119
	42,164
	+ 
	181,397

	1995
	79,385
	592
	82,895
	15,904
	14,757
	+ 
	193,533

	1996
	32,767
	248
	82,362
	11,200
	10,113
	+ 
	136,690

	1997
	31,182
	1,302
	57,920
	22,236
	20,420
	+ 
	133,060

	1998
	25,277
	392
	85,116
	15,947
	11,979
	219
	138,930

	1999
	16,679
	2,821
	88,063
	20,067
	25,197
	305
	153,132

	2000
	30,938
	533
	70,873
	25,678
	44,010
	525
	172,557

	2001
	46,590
	6,703
	66,989
	39,330
	7,065
	1,118
	167,795

	2002
	62,472
	3,341
	58,179
	58,605
	5,829
	7,041
	195,467

	2003
	71,199
	71
	51,536
	64,486
	1,397
	5,427
	194,116

	2004
	47,934
	83
	52,934
	66,333
	1,055
	8,044
	176,383

	2005
	16,446
	66
	12,882
	40,026
	223
	2,703
	72,346

	2006
	4,318
	16
	6,035
	23,471
	147
	822
	34,809


* - Due to damage to the fish trap, fishway became a swim through operation.

+ - Fishway unable to pass fish until modifications in 1997.

++ - Fish netted below and hand passed over Winnicut River dam.

Table 1-2.
Summary data for river herring spawning runs for coastal New Hampshire rivers, 2006.

	
	RIVER HERRING RUN
	TEMPERATURE (oC)
	
	

	RIVER
	START
	END
	MIN.
	MAX.
	PEAK+^
	RETURN

(#'s)
	COUNT

METHOD*

	COCHECO
	4-21-06
	6-5-06
	9.0
	21.0
	12.0
	4,318
	H

	EXETER
	5-4-06
	6-19-06
	10.0
	25.0
	14.0
	16
	H

	OYSTER
	5-5-06
	6-29-06
	8.0
	28.0
	13.0
	6,035
	E, H

	LAMPREY
	4-20-06
	6-5-06
	10.0
	22.0
	11.0
	24,471
	E, H

	TAYLOR
	5-6-06
	6-27-06
	8.0
	20.0
	20.0
	147
	E, H

	WINNICUT
	5-20-06
	6-23-06
	13.0
	26.0
	24.0
	822
	E, H


+ - Temperature at peak of spawning run

^ -  Peak of runs highly variable due to persistent flood conditions

*  - H = hand count;  E = electronic counter

Table 1-3.
Mean length (total length in centimeters), percent sex composition and percent species composition of river herring spawning runs from samples obtained at coastal New Hampshire fish ladders, 2006.

	RIVER
	MEAN LENGTH (cm)
	%

MALE
	%

FEMALE
	N
	%

ALEWIVE
	%

BLUEBACK

	
	MALE
	FEMALE
	
	
	
	
	

	COCHECO
	28.1
	29.5
	60.0
	40.0
	85
	90.6
	9.4

	EXETER
	27.5
	29.3
	43.8
	56.2
	16
	100.0
	0.0

	OYSTER
	25.1
	27.3
	79.1
	20.9
	141*
	0.0
	100.0

	LAMPREY
	28.9
	30.3
	55.3
	44.7
	124
	98.4
	1.6

	TAYLOR
	NO SAMPLES TAKEN

	WINNICUT
	25.1
	26.4
	89.5
	10.5
	105
	30.5
	69.5


*- sex not determined on two samples.

Table 1-4.
Age composition of river herring spawning in New Hampshire coastal rivers derived from scale samples taken at the beginning, middle and end of the run, 2000-2006.

	RIVER
	YEAR
	N
	Age (%)

	
	
	
	III
	IV
	V
	VI
	VII+

	COCHECO
	2000
	131
	46.6
	27.5
	20.6
	5.3
	0.0

	
	2001
	142
	14.1
	43.0
	30.3
	6.3
	6.3

	
	2002
	146
	11.6
	37.0
	30.8
	16.4
	4.1

	
	2003
	136
	4.4
	65.4
	21.3
	5.1
	3.7

	
	2004
	120
	0.8
	12.5
	57.5
	22.5
	6.6

	
	2005
	125
	1.6
	23.2
	37.6
	36.8
	0.8

	
	2006
	85
	0.0
	15.2
	24.7
	29.4
	30.5

	EXETER
	2000
	97
	54.6
	38.1
	5.2
	2.1
	0.0

	
	2001
	141
	5.7
	31.9
	33.3
	22.0
	7.1

	
	2002
	54
	3.7
	27.8
	50.0
	18.5
	0.0

	
	2003
	55
	3.6
	54.5
	25.5
	10.9
	5.5

	
	2004
	57
	0.0
	10.5
	54.3
	31.5
	3.5

	
	2005
	64
	3.1
	39.0
	40.6
	12.5
	4.6

	
	2006
	16
	0.0
	6.2
	37.5
	25.0
	31.2

	OYSTER
	2000
	145
	42.8
	39.3
	17.2
	0.7
	0.0

	
	2001
	146
	14.4
	33.6
	28.1
	17.1
	6.8

	
	2002
	142
	8.5
	38.0
	26.1
	19.7
	7.7

	
	2003
	148
	21.6
	41.2
	29.1
	4.7
	3.4

	
	2004
	131
	15.2
	12.9
	52.6
	16.0
	3.0

	
	2005
	127
	17.3
	31.4
	35.4
	15.7
	0.0

	
	2006
	141
	4.2
	34.0
	32.6
	22.6
	6.3

	LAMPREY
	2000
	195
	25.6
	34.9
	22.6
	13.3
	3.6

	
	2001
	145
	7.6
	33.8
	35.9
	17.9
	4.8

	
	2002
	139
	2.2
	20.1
	28.1
	30.2
	19.4

	
	2003
	143
	5.6
	37.1
	28.7
	11.9
	16.8

	
	2004
	162
	4.3
	16.0
	38.8
	27.7
	12.9

	
	2005
	130
	0.0
	20.0
	43.0
	33.8
	3.0

	
	2006
	124
	2.4
	10.4
	33.8
	29.0
	24.1

	TAYLOR
	2000
	97
	33.0
	47.4
	14.4
	5.2
	0.0

	
	2001
	NO SAMPLES TAKEN

	
	2002
	30
	3.3
	3.3
	20.0
	53.3
	20.0

	
	2003
	NO SAMPLES TAKEN

	
	2004
	68
	32.3
	27.9
	22.0
	10.2
	7.3

	
	2005
	14
	7.1
	92.8
	0.0
	0.0
	0.0

	
	2006
	NO SAMPLES TAKEN

	WINNICUT
	2000
	178
	33.3
	39.5
	16.9
	9.0
	1.1

	
	2001
	146
	28.8
	43.8
	17.1
	9.6
	0.7

	
	2002
	147
	19.7
	41.5
	21.1
	13.6
	4.1

	
	2003
	147
	24.5
	59.9
	14.3
	1.4
	0.0

	
	2004
	137
	2.1
	43.0
	48.1
	5.1
	1.4

	
	2005
	152
	31.5
	34.2
	25.0
	8.5
	6.0

	
	2006
	105
	8.5
	39.0
	32.3
	15.2
	4.7


Table 1-5.
River herring age distribution, by length, from scale samples taken at the Cocheco, Exeter, Lamprey, Oyster, Taylor, and Winnicut River fish ladders during the spring spawning run, 2006.

Area:    Cocheco River                                Sex: Both
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                         III      IV       V        VI     VII+   Total

 

  Length Group

  (centimeters)

            23.                                                       

            24.                    2                                 2

            25.                    1        1                        2

            26.                    6        5        1              12

            27.                    3        2        3       2      10

            28.                    1        8        6       7      22

            29.                             5        9       5      19

            30.                                      6       7      13

            31.                                              3       3

            32.                                              1       1

            33.                                              1       1

            34.                                                       

            35.                                                       

            36.                                                       

            37.                                                       

 

  Total                            13       21       25      26     85

  % Dist.                        15.2     24.7     29.4    30.5

  Mean                           26.4     28.0     29.1    29.8

  Minimum                        24.2     25.0     26.0    27.5

  Maximum                        28.9     29.9     30.7    33.0

  Area:    Exeter/Squamscott River                      Sex: Both

 

                         Age

                         III      IV       V        VI     VII+   Total

 

  Length Group

  (centimeters)

            23.                                                      

            24.                                                      

            25.                                                      

            26.                             1                        1

            27.                    1                 1               2

            28.                             4        2       1       7

            29.                             1        1       2       4

            30.                                              1       1

            31.                                                       

            32.                                              1       1

            33.                                                       

            34.                                                       

            35.                                                       

            36.                                                       

            37.                                                       

 

  Total                            1        6        4       5      16

  % Dist.                        6.2     37.5     25.0    31.2

  Mean                          27.3     28.4     28.4    29.9

  Minimum                       27.3     26.3     27.4    28.6

  Maximum                       27.3     29.8     29.6    32.5

  Area:    Lamprey River                                Sex: Both

                         Age

                         III      IV       V        VI     VII+   Total

 

  Length Group

  (centimeters)

            23.                                                      

            24.           2                                          2

            25.           1        5        1                        7

            26.                    7        6                       13

            27.                    1        8                        9

            28.                             8        5              13

            29.                            14        9       6      29

            30.                             4       15       8      27

            31.                             1        5       8      14

            32.                                      1       6       7

            33.                                      1       2       3

            34.                                                       

            35.                                                       

            36.                                                       

            37.                                                       

 

  Total                   3       13       42       36      30     124

  % Dist.               2.4     10.4     33.8     29.0    24.1

  Mean                 24.6     26.0     28.5     30.2    31.0

  Minimum              24.1     25.3     25.9     28.2    29.2

  Maximum              25.3     27.6     31.1     33.1    33.2

Area:    Oyster River                                 Sex: Both

                         Age

                         III      IV       V        VI     VII+   Total

 

  Length Group

  (centimeters)

            22.           3        1                                 4

            23.           1        9                                10

            24.           1       26       12                       39

            25.           1        7       18        1              27

            26.                    5        8        5              18

            27.                             5       15              20

            28.                             3        7       4      14

            29.                                      4       4       8

            30.                                              1       1

            31.                                                      

            32.                                                      

            33.                                                      

            34.                                                      

            35.                                                      

            36.                                                      

            37.                                                      

 

  Total                   6       48       46       32       9     141

  % Dist.               4.2     34.0     32.6     22.6     6.3

  Mean                 23.4     24.5     25.7     27.7    29.1

  Minimum              22.3     22.7     24.0     25.6    28.2

  Maximum              25.0     26.5     28.6     29.4    30.5

  Area:    Winnicut River                               Sex: Both

 

                         Age

                         III      IV       V        VI     VII+   Total

 

  Length Group

  (centimeters)

            20.           1                                          1

            21.           1                 1                        2

            22.           1        2                                 3

            23.           5       18        6                       29

            24.           1       14        9        1              25

            25.                    4        5        4              13

            26.                    2       11                       13

            27.                    1        1        3       3       8

            28.                             1        4       1       6

            29.                                      4               4

            30.                                              1       1

            31.                                                       

            32.                                                       

            33.                                                       

            34.                                                       

            35.                                                       

            36.                                                       

            37.                                                       

 

  Total                   9        41       34       16       5    105

  % Dist.               8.5      39.0     32.3     15.2     4.7

  Mean                 22.8      24.1     25.1     27.5    28.1

  Minimum              20.3      22.3     21.8     24.3    27.0

  Maximum              24.8      27.5     28.2     29.7    30.3

Table 1-6.
Summary of anadromous river herring transfers from the Cocheco and Lamprey rivers during 2006.

	 
DATE
	 
# TRANSFERRED
	SOURCE OF
RIVER HERRING
	STOCKING
LOCATION
	DRAINAGE 
SYSTEM

	5/8/06
	500
	Cocheco River
	Bow Lake
	Cocheco River

	5/30/06
	200
	Lamprey River
	Above Wiswall Dam
	Lamprey River

	5/31/06
	500
	Cocheco River
	Above Watson Dam
	Cocheco River

	6/4/06
	40
	Lamprey River
	Above Great Dam
	Exeter River


Table 1-7.
Numbers of adult, spawning river herring stocked in coastal New Hampshire rivers from 1984 - 2006.

	YEAR
	COCHECO RIVER SYSTEM
	WINNICUT RIVER
	EXETER RIVER
	LAMPREY RIVER SYSTEM
	SALMON FALLS RIVER

	1984
	5,000
	
	
	
	

	1985
	  500
	
	
	
	

	1986
	2,000
	
	
	
	

	1987
	2,125
	
	
	
	

	1988
	2,000
	
	
	
	

	1989
	
	
	
	
	

	1990
	2,000
	
	
	
	

	1991
	1,700
	
	
	
	

	1992
	1,300
	
	
	
	

	1993
	
	
	
	
	

	1994
	  365a
	
	
	  320a
	220

	1995
	1,400a
	
	125
	3,230b
	250

	1996
	  750a
	
	
	2,100a
	200

	1997
	  950a
	
	
	2,000a
	300

	1998
	1,000a
	300
	
	1,975a
	240

	1999
	  990a
	200
	
	2,020a
	200

	2000
	1,000a
	430
	
	2,020a
	320

	2001
	1,000a
	
	
	2,000a
	200

	2002
	1,000a
	
	
	1,900a
	

	2003
	1,100a
	
	
	2,000a
	

	2004
	1,050a
	
	100
	2,000a
	

	2005
	1,000a
	
	200
	2,000a
	

	2006
	1,000a
	
	40
	   200a
	


a - In-river transfer.

b - Combination of in-river and out-of-basin transfers.

Table 1-8.
Numbers of spawning adult American shad stocked in coastal New Hampshire rivers, 1980-2006.  Numbers represent the amount transported minus the estimated transport mortality.

	YEAR
	EXETER

RIVER
	LAMPREY

RIVER
	COCHECO RIVER

	1980
	283
	286
	212

	1981
	212
	192
	183

	1982
	185
	218
	120

	1983
	265
	206
	135

	1984
	517
	453
	241

	1985
	418
	409
	 90

	1986
	680
	437
	205

	1987
	420
	420
	230

	1988
	375
	372
	190

	1989
	779
	
	

	1990
	1,275 
	
	

	1991
	1,386 
	
	

	1992
	1,384 
	
	

	1993
	979
	
	

	1994
	1,462
	
	

	1995
	0a
	
	

	1996
	0a
	
	

	1997
	0a
	
	

	1998
	1,164
	
	

	1999
	954
	
	

	2000
	987
	
	

	2001
	1,168
	
	

	2002
	1,173
	
	

	2003
	1,142
	
	

	2004
	1,332
	
	

	2005
	0b
	
	

	2006
	0b
	
	


a None stocked due to constraints placed on shad transfers at the Holoyoke fish lift on the Connecticut River.

b None stocked due to constraints placed on shad transfers at the Lawrence fish lift on the Merrimack River.
Table 1-9.
American shad returns to New Hampshire coastal fishways from 1983-2006.

	YEAR
	EXETER

RIVER
	LAMPREY

RIVER
	COCHECO RIVER

	1983
	
	
	3

	1984
	
	
	

	1985
	
	2
	1

	1986
	
	39
	1

	1987
	
	
	

	1988
	*
	*
	4

	1989
	*
	*
	8

	1990
	*
	*
	3

	1991
	12
	2
	6

	1992
	22
	5
	24

	1993
	21
	200a
	17

	1994
	*
	13a
	9

	1995
	18
	14a
	8

	1996
	58
	2a
	5

	1997
	30
	4a
	11

	1998
	33
	3a
	6

	1999
	129
	3a
	2

	2000
	163
	7a
	14

	2001
	42
	6a
	6

	2002
	41
	4a
	4

	2003
	33
	26a
	6

	2004
	22
	33a
	12

	2005
	3
	12a
	8

	2006
	2
	6a
	0


* - No counts - ladder was operated as a swim through.

a - Minimum counts - ladder operated as swim through until late May or early June.

Table 1-10.
Number of American shad returns, beginning and ending dates of returns and summary of biological data collected from shad using the Cocheco, Exeter, and Lamprey River fish ladders, 1999 - 2006.
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Table 1-11.
American shad age distribution of combined sexes, by length, from scale samples taken at the Cocheco, Exeter, and Lamprey river fish ladders during the spring spawning run, 2006.

           Area:    Exeter/Squamscott River                                   Sex: All

                           Age

                           IV-        V         VI        VII       VIII      IX+     Total

Length Group

 

       36.                                                                               

       37.                                                                               

       38.                                                                               

       39.                                                                               

       40.                                                                               

       41.                                                                               

       42.                                                                               

       43.                                                                               

       44.                                                                               

       45.                                                                               

       46.                           1                                                  1

       47.                                                                               

       48.                                      1                                       1

       49.                                                                               

       50.                                                                               

       51.                                                                               

       52.                                                                               

       53.                                                                               

       54.                                                                               

       55.                                                                               

       56.                                                                               

       57.                                                                               

       58.                                                                               

       59.                                                                               

       60.                                                                               

       61.                                                                               

       62.                                                                               

 

   Total                             1         1                                        2

   % Dist.                          50.0      50.0                                       

   Mean                             46.4      48.8                                       

   Minimum                          46.4      48.8                                       

   Maximum                          46.4      48.8                                       

Table 1-11
Continued.

           Area:    Lamprey River                                             Sex: All


                           Age

                           IV-        V         VI        VII      VIII       IX+     Total

Length Group

 

       36.                                                                               

       37.                                                                               

       38.                                                                               

       39.                                                                               

       40.                                                                               

       41.                                                                               

       42.                                                                               

       43.                                                                               

       44.                                                                               

       45.                                       1                                      1

       46.                                                                               

       47.                                                                               

       48.                                                                               

       49.                                       1                                      1

       50.                                                           1                  1

       51.                                                                               

       52.                                                                               

       53.                                                                               

       54.                                                                               

       55.                                                                               

       56.                                                           1                  1

       57.                                                                               

       58.                                                                               

       59.                                                                               

       60.                                                                               

       61.                                                                               

       62.                                                                               

 

   Total                                       2                     2                   4

   % Dist.                                    50.0                  50.0                  

   Mean                                       47.6                  53.5                  

   Minimum                                    45.6                  50.4                  

   Maximum                                    49.6                  56.6                  

Table 1-12.
American shad returns by age between 1995-2006 in the Exeter River.

	Year
	III
	IV
	V
	VI
	VII
	VIII
	IX+
	Biological

Sample #’s
	Return

#’s

	2006
	0
	0
	1
	1
	0
	0
	0*
	2
	2

	2005
	0
	0
	0
	1
	2
	0*
	0*
	3
	3

	2004
	0
	1
	8
	9
	3*
	0*
	0*
	21
	22

	2003
	1
	5
	14
	11*
	2*
	0*
	0
	33
	33

	2002
	1
	10
	9*
	7*
	8*
	4
	2
	40
	41

	2001
	0
	5*
	2*
	11*
	14
	4
	2
	38
	42

	2000
	0
	1*
	11*
	44
	62
	23
	10
	151
	163

	1999
	0
	0*
	18
	60
	36
	11
	1
	126
	129

	1998
	1
	16
	7
	4
	3
	1
	0
	32
	33

	1997
	3
	2
	8
	4
	4
	3
	1
	25
	30

	1996
	0
	11
	12
	15
	7
	4
	1
	50
	58

	1995
	0
	1
	6
	3
	3
	0
	0
	13
	18


*age groups where no supplemental stocking occurred.


Figure 1-1.  Exeter River 2005 and 2006 daily water discharge and 9 year mean daily discharge from April 21 to June 30.


[image: image2.wmf]0

1000

2000

3000

4000

5000

6000

7000

8000

9000

Date

2005

2006

72 Year Mean



Figure 1-2.  Lamprey River 2005 and 2006 daily water discharge and 72 year mean daily discharge from April 20 to June 8.
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Figure 1-3.
Exeter River 2004 daily water discharge and the eight-year median daily discharge from July 1 to September 10.
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Sheet1

		DATE		ft3/sec		cm3/sec		ft3/sec		cm3/sec		ft3/sec		cm3/sec

				2004		2004		8 year mean		8 year mean		8 year median		8 year median

		7/1/04				0				0

		7/2/04				0				0

		7/3/04				0				0

		7/4/04				0				0

		7/5/04				0				0

		7/6/04		24		679604.3184		31		877822.2446		18		509703.2388

		7/7/04		22		622970.6252		28.5		807030.1281		18		509703.2388

		7/8/04		20		566336.932		28.9		818356.86674		19		538020.0854

		7/9/04		32		906139.0912		23.1		654119.15646		16		453069.5456

		7/10/04		42		1189307.5572		26.9		761723.17354		17		481386.3922

		7/11/04		35		991089.631		23.3		659782.52578		15		424752.699

		7/12/04		28		792871.7048		22		622970.6252		14		396435.8524

		7/13/04		24		679604.3184		23.2		656950.84112		16		453069.5456

		7/14/04		27		764554.8582		33.2		940119.30712		14		396435.8524

		7/15/04		32		906139.0912		34.2		968436.15372		12		339802.1592

		7/16/04		32		906139.0912		32.9		931624.25314		22		622970.6252

		7/17/04		28		792871.7048		30.1		852337.08266		17		481386.3922

		7/18/04		24		679604.3184		26.5		750396.4349		19		538020.0854

		7/19/04		24		679604.3184		23.7		671109.26442		19		538020.0854

		7/20/04		30		849505.398		19.1		540851.77006		16		453069.5456

		7/21/04		30		849505.398		19.9		563505.24734		14		396435.8524

		7/22/04		26		736238.0116		12.8		362455.63648		9.5		269010.0427

		7/23/04		22		622970.6252		14.8		419089.32968		10		283168.466

		7/24/04		21		594653.7786		12.5		353960.5825		8.9		252019.93474

		7/25/04		21		594653.7786		13.4		379445.74444		7.3		206712.98018

		7/26/04		18		509703.2388		13.7		387940.79842		11		311485.3126

		7/27/04		17		481386.3922		15		424752.699		12		339802.1592

		7/28/04		21		594653.7786		13.6		385109.11376		8.2		232198.14212

		7/29/04		25		707921.165		16.8		475723.02288		8.5		240693.1961

		7/30/04		23		651287.4718		13.1		370950.69046		7		198217.9262

		7/31/04		20		566336.932		12.5		353960.5825		6.1		172732.76426

		8/1/04		17		481386.3922		13.5		382277.4291		5.9		167069.39494

		8/2/04		15		424752.699		15.6		441742.80696		11		311485.3126

		8/3/04		13		368119.0058		13.9		393604.16774		8.9		252019.93474

		8/4/04		11		311485.3126		16.8		475723.02288		8		226534.7728

		8/5/04		11		311485.3126		17.3		489881.44618		7.1		201049.61086

		8/6/04		10		283168.466		18.2		515366.60812		7		198217.9262

		8/7/04		9.3		263346.67338		15		424752.699		7.3		206712.98018

		8/8/04		8.2		232198.14212		12.9		365287.32114		7.4		209544.66484

		8/9/04		7.1		201049.61086		13.8		390772.48308		4.2		118930.75572

		8/10/04		6.5		184059.5029		14.3		404930.90638		5.9		167069.39494

		8/11/04		5.9		167069.39494		10.5		297326.8893		5.9		167069.39494

		8/12/04		9.9		280336.78134		9.95		281752.62367		5.6		158574.34096

		8/13/04		97		2746734.1202		9.98		282602.129068		6.4		181227.81824

		8/14/04		104		2944952.0464		10.5		297326.8893		5.9		167069.39494

		8/15/04		27		764554.8582		11.2		317148.68192		5.4		152910.97164

		8/16/04		29		821188.5514		12.3		348297.21318		7.6		215208.03416

		8/17/04		53		1500792.8698		9.89		280053.612874		3.8		107604.01708

		8/18/04		47		1330891.7902		9.05		256267.46173		4.2		118930.75572

		8/19/04		40		1132673.864		8.01		226817.941266		3.5		99108.9631

		8/20/04		39		1104357.0174		7.12		201615.947792		3.1		87782.22446

		8/21/04		103		2916635.1998		5.69		161122.857154		3.1		87782.22446

		8/22/04		154		4360794.3764		6.65		188307.02989		5.2		147247.60232

		8/23/04		126		3567922.6716		5.36		151778.297776		3.8		107604.01708

		8/24/04		97		2746734.1202		5.1		144415.91766		2.7		76455.48582

		8/25/04		85		2406931.961		5.28		149512.950048		2.4		67960.43184

		8/26/04		72		2038812.9552		4.57		129407.988962		2.1		59465.37786

		8/27/04		59		1670693.9494		4.28		121196.103448		3.4		96277.27844

		8/28/04		52		1472476.0232		3.62		102506.984692		2.4		67960.43184

		8/29/04		48		1359208.6368		4.03		114116.891798		3.7		104772.33242

		8/30/04		42		1189307.5572		3.5		99108.9631		2.7		76455.48582

		8/31/04		37		1047723.3242		2.88		81552.518208		1.5		42475.2699

		9/1/04		35		991089.631		2.81		79570.338946		2		56633.6932

		9/2/04		31		877822.2446		2.44		69093.105704		1.6		45306.95456

		9/3/04		26		736238.0116		2.73		77304.991218		2		56633.6932

		9/4/04		22		622970.6252		3.35		94861.43611		1.9		53802.00854

		9/5/04		19		538020.0854		3.66		103639.658556		1.8		50970.32388

		9/6/04						3.21		90897.077586		1.5		42475.2699





Sheet2

		month		Mean of daily mean values for this day for 8 years of record1, in ft3/s

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		1		81		79		227		317		148		81.1		47.2		13.5		2.81		9.8		48.8		76.1

		2		77.6		77.1		227		282		131		84.7		57.8		15.6		2.44		7.71		50.1		85.1

		3		74.9		99.3		203		258		130		86.6		44.2		13.9		2.73		9.33		49		95.4

		4		79		110		192		251		123		77.3		40		16.8		3.35		9.37		45.9		87.1

		5		85.8		118		186		248		116		69.3		35.5		17.3		3.66		8.26		45.1		80.2

		6		88.6		119		165		236		120		66.1		31		18.2		3.21		10.7		44.4		74.4

		7		89.6		112		157		225		128		74.7		28.5		15		3.93		10.5		43.7		73.7

		8		89.4		100		146		214		129		86.6		28.9		12.9		3.01		13.1		48.8		82.9

		9		95.8		88.3		149		205		120		81.6		23.1		13.8		2.63		18.4		42		86.7

		10		95.7		81.6		214		208		118		73.9		26.9		14.3		4.65		23.5		48.3		88.4

		11		106		79		212		207		124		65.6		23.3		10.5		8.26		26.3		55.7		81

		12		106		82.7		185		212		135		66		22		9.95		5.66		22.3		57.7		75.8

		13		96.1		93.4		167		222		135		92.5		23.2		9.98		7.59		21.3		50.9		75.1

		14		82.6		99.7		161		204		152		184		33.2		10.5		7.33		21.2		59.5		81.3

		15		78.1		99		156		191		155		229		34.2		11.2		10.5		20.4		54.1		97.4

		16		81.7		93.4		149		171		132		212		32.9		12.3		13.7		20.1		53.2		102

		17		83.7		86.9		152		153		116		201		30.1		9.89		32.5		20.5		54.1		112

		18		76.6		101		163		150		109		177		26.5		9.05		43.6		21.6		56.4		151

		19		77.9		129		172		201		106		168		23.7		8.01		33		21.7		55.8		168

		20		73.7		142		188		217		108		152		19.1		7.12		28.3		50.9		54.7		154

		21		71		138		212		189		103		117		19.9		5.69		24.1		243		53.8		155

		22		68.1		141		311		212		92.9		95.1		12.8		6.65		17.3		396		53.9		139

		23		72.9		142		431		243		83.4		85.7		14.8		5.36		19.9		239		55.1		122

		24		84.1		147		472		226		81.7		79.4		12.5		5.1		21.2		166		52.5		108

		25		105		190		445		205		84.4		81.9		13.4		5.28		18.3		129		50.8		108

		26		121		207		413		181		86		69.6		13.7		4.57		15.4		106		54.7		102

		27		108		193		379		176		92.7		61		15		4.28		14.6		86.6		76.5		89.6

		28		99.3		203		351		175		92		62.4		13.6		3.62		14.1		71.9		83		86

		29		93.6		550		338		169		91.4		47		16.8		4.03		13.4		63.9		79		82.1

		30		88				333		164		84.9		44		13.1		3.5		12.4		56.8		74.2		84.7

		31		83.4				338				74.7				12.5		2.88				52.8				84.9
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Shad returns

				American shad returns, beginning and ending dates of returns and summary of biological data collected from shad using the

				Cocheco,Exeter, and Lamprey River fish ladders,  1994-1998

		RIVER								MALES				FEMALES										AGE (#'s)

				YEAR		RETURN		RUN		%		MEAN LENGTH		%		MEAN LENGTH																SAMPLE

						NO'S		DATES				(cm)				(cm)		III		IV		V		VI		VII		VIII		IX+		SIZE

		COCHECO		2006		0

				2005		8		5/31 - 6/26		71%		48.6		29%		51.1						1		5		2						8

				2004		12		5/13 - 6/17		78%		49.9		22%		54.9						6		2		1						9

				2003		6		5/30 - 6/19		50%		47.5		50%		50.7				3		2				1						6

				2002		4		6/13 - 6/20		0%		NA		100%		52.8						2										2

				2001		6		6/5 - 6/21		75%		50.2		25%		54.0								2		2						4

				2000		14		5/20 - 6/30		60%		48.5		40%		53.5				1		2		5				2				10

				1999		2		5/26 - 5/30		50%		47.4		50%		45.5								2								2

		EXETER		2006		2		5/7 - 6/4		b		48.8		b								1		1								2

				2005		3		5/30 - 6/4		33%		49.3		67%		54.2								1		2						3

				2004		22		5/25 - 7/2		52%		49.3		48%		54.1				1		8		9		3						21

				2003		33		5/22 - 6/24		82%		48.7		18%		53.5		1		5		14		11		2						33

				2002		41		5/23 - 6/17		83%		47.2		17%		54.4		1		11		9		7		8		4		2		40

				2001		42		5/2 - 6/10		39%		47.4		61%		54.9				5		2		11		14		4		2		38

				2000		163		5/6 - 6/24		48%		49.9		52%		53.7				1		11		44		62		23		10		151

				1999		129		5/8 - 6/3		79%		47.3		21%		49.7						18		60		36		11		1		126

		LAMPREY		2006		6		5/27 - 6/4		67%		49.3		33%		53.5								2				2				4

				2005		12a		5/25 - 6/29		75%		49.6		25%		52.0						2		4		2						8

				2004		33a		6/7 - 7/16		35%		48.9		65%		54.1						8		11		6		2				27

				2003		26a		5/30 - 6/25		76%		49.1		24%		53.1				5		6		9		4		1				25

				2002		4a		5/21 - 6/12		100%		45.7		0%		NA				1		2		1								4

				2001		6a		5/29 - 6/15		60%		51.0		40%		54.6								1		4						5

				2000		7a		5/29 - 6/23		83%		51.2		17%		54.9								2		3		1				6

				1999		3a		5/23 - 6/2		67%		45.6		33%		51.2								1		2						3

		a - Minimum counts - ladder run as swim-through until late May or early June

		b - One male and one unknown sex
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Smelt lengths

		Mean length and size range (total length in centimeters), at age,

		for rainbow smelt, derived from samples obtained from the recreational

		ice fishery in Great Bay, 1994-1998.

						LENGTH  (TL in cm)

		AGE		YEAR		MEAN		RANGE		N

		II		1994		17.3		14.6-21.4		190

				1995		18.4		15.7-21.5		205

				1996		18.4		15.7-21.5		205

				1997		17.4		14-20.5		54

				1998

		III		1994		20.5		17.2-23.9		302

				1995		20.9		16.8-24.1		257

				1996		20.9		16.8-24.1		257

				1997		20.7		17.2-23.6		131

				1998

		IV		1994		23		20.2-25.5		16

				1995		22.9		20.1-25.8		54

				1996		22.9		20.1-25.8		54

				1997		22.5		19.8-24.9		21

				1998

		V+		1994		25.3		24.3-25.9		4

				1995		22.6		20.4-24.5		5

				1996		22.6		20.4-24.5		5

				1997		24		23.5-24.6		3

				1998
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% comp smelt

		Precent composition at age for rainbow smelt, derived from samples obtained from

		the recreational ice fishery for rainbow smelt in Great Bay Estuary, 1994-1998.

				AGE

		YEAR		I		II		III		IV		V+		N

		1994		0		37.1		59		3.1		0.8		512

		1995		0		39.3		49.3		10.4		1		521

		1996		0		50		36.1		11.9		2		756

		1997		0		25.8		62.7		10		1.4		209

		1998



&A

Page &P



length age RH

		Mean length (cm) at age for river herring in the New Hampshire coastal rivers as derived from scale samples, 1994-1998

										AGE

		RIVER		YEAR		III		IV		V		VI		VII

		COCHECO		1994		26		27.3		29.2		0		0

				1995		26.8		28.1		29.2		30.3		0

				1996		27.2		28.2		29.2		29.6		31.1

				1997		25.3		26.2		28.6		30.5		30.9

				1998

		EXETER		1994

				1995		26.9		28.3		29.5		32.1		0

				1996		28.5		28.5		30		0		0

				1997		25.3		26.8		28.2		28.9		0

				1998

		OYSTER		1994		25.3		27.3		28.8		29.3		0

				1995		26		27		28.5		29.6		31.3

				1996		25.7		26.5		26.9		27.4		0

				1997		25.5		26.7		28		29.2		31.8

				1998

		LAMPREY		1994		26.8		28		29.2		30.6		0

				1995		27.2		28.3		29.8		31.6		0

				1996		27.8		28.7		29.6		30		0

				1997		26.3		27.4		29.6		30.5		31.5

				1998

		TAYLOR		1998
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smelts

				Estimated effort (trips), by area, for the marine recreational ice fishery for

				rainbow smelt in Great Bay Estuary, 1994-1998.

				YEAR		GREAT BAY		LAMPREY		BELLAMY/OYSTER		WINNICUT/DEPOT		SQUAMSCOTT		TOTAL TRIPS

				1994		5829		1736		2715		NS		6495		16775

				1995		3635		1531		1747		NS		5663		12576

				1996		4300		2927		3259		NS		9736		20222

				1997		2269		308		2136		NS		1695		6408

				1998								NS

		NS - Not Surveyed

				CPUE (#fish/angler hour), by area, for the marine recreational ice fishery for

				rainbow smelt in Great Bay Estuary, 1994-1998

				YEAR		GREAT BAY		LAMPREY		BELLAMY/OYSTER		WINNICUT/DEPOT		SQUAMSCOTT		ALL AREAS

				1994		2.6		1.4		4.2		NS		3		2.9

				1995		3.6		11.4		9.2		NS		13.3		9.7

				1996		1.6		5.6		3.7		NS		6.6		4.9

				1997		3.4		0.2		1.6		NS		3.3		2.6

				1998

		NS - Not Surveyed
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RHage%

								AGE (%)

		RIVER		YEAR		N		III		IV		V		VI		VII+

		COCHECO		1994		142		48.6		44.4		7		0		0

				1995		140		13.6		56.4		25.7		4.3		0

				1996		224		20.1		34.8		28.1		16.1		0.9

				1997		145		31		33.8		23.4		9.7		2.1

				1998

		EXETER		1994

				1995

				1996

				1997		272		30.1		41.2		19.1		8.1		1.5

				1998

		OYSTER		1994

				1995

				1996

				1997

				1998

		LAMPREY		1994

				1995

				1996

				1997

				1998

		TAYLOR		1998
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RHSp+sex

		Mean lenght ( total lenght in centimeters), percent sex composition and percent species composition of river herring spawning runs from samples obtained in costal New hampshire fish ladders 1994-1998

						MEAN LENGTH (cm)				%						%		%

		RIVER		YEAR		MALE		FEMALE		MALE		FEMALE		N		ALEWIFE		BBH

		COCHECO		1994		27.4		27.4		56.5		44.5		462		83.8		16.2

				1995		27.9		28.7		48.9		51.1		450		80		20

				1996		28.2		29		50.7		49.3		402		82.1		17.9

				1997		26.7		27.8		63.7		36.3		452		48.3		51.7

				1998

		EXETER		1994

				1995		27.2		28.4		66.5		33.5		520		66.7		33.3

				1996		27.8		28.4		54.8		45.2		221		91		9

				1997		26.2		26.6		59.2		40.8		1075		41		59

				1998

		OYSTER		1994		26.2		27.7		63.2		26.8		450		0		100

				1995		26.4		27.8		52.9		47.1		450		8.6		91.4

				1996		25.8		27		61.4		38.6		446		3.8		96.2

				1997		26.1		27.2		60.7		39.3		448		0		100

				1998

		LAMPREY		1994		27.4		28.1		51.9		48.1		447		100		0

				1995		28		29.3		52.7		43.3		450		100		0

				1996		28.1		29.4		51		49		398		100		0

				1997		28.4		29.7		46.7		53.3		304		100		0

				1998

		TAYLOR		1998
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SB+BF+MAK

		Mean, minimum and maximum length (total length in centimeters) as well as sample size (N) for the

		five most commonly caught species in New Hampshire's marine recreational fishery, 1994-1998

								TOTAL LENGTH (cm)

		SPECIES		YEAR		N		MEAN		MINIMUM		MAXIMUM

		BLUEFISH		1994		153		77.4		68.5		94

				1995		110		80.7		68		90.9

				1996		41		70.2		30.4		89.2

				1997

				1998

		STRIPED BASS		1994		29		92		61		114.5

				1995		39		88.5		43.3		102.5

				1996		98		90.1		71.8		114.3

				1997

				1998

		MACKEREL		1994		103		37.2		25.5		43.5

				1995		182		35.2		21.7		44

				1996		434		35.1		22		49

				1997

				1998





COD+WF+PLK

		Mean, minimum and maximum length (total length in centimeters) as well as sample size (N) for the

		five most commonly caught species in New Hampshire's marine recreational fishery, 1994-1998

								SIZE ( Total Length in cm)

		SPECIES		YEAR		N		MEAN		MINIMUM		MAXIMUM

		POLLOCK		1994		129		33.9		20.5		52.3

				1995		31		31.5		22.6		54

				1996		71		27.6		20		50.6

				1997

				1998

		WINTER FLOUNDER		1994		45		33.4		24.5		48.5

				1995		54		31.2		22.2		38.3

				1996		86		34.1		23.9		45.2

				1997

				1998

		COD		1994

				1995

				1996

				1997

				1998





%CompCatch

		Percentage composition of the catch, by year, for seven major species catagories derived from

		all anglers intercepted during New Hampshire's marine recreational fishing survey, 1988-1996

				YEAR

		SPECIES		1988		1989		1990		1991		1992		1993		1994		1995		1996

		BLUEFISH		4		7.6		4.5		9.4		11.5		8.7		10.9		5.3		1.9

		COD		18.5		32.9		25.8		35.5		21.4		16.7		17.7		26.6		11.2

		WINTER FLOUNDER		4.7		8.3		5.6		4.1		5.7		5		1.5		1.9		1.1

		MACKEREL		48.6		12.6		35		26		33.6		47.8		14.3		18.8		43.4

		POLLOCK		13.3		16.6		15.8		5.1		12		10.4		36.5		16.2		15.4

		SHARKS & SKATES		7		15		7.6		12		9.7		5.1		3.8		7.3		2.2

		STRIPED BASS		0		0.2		0.4		0.7		1.5		3.2		8.2		14.6		20.5

		OTHERS		3.9		6.8		5.3		7.2		4.6		3.1		0.5		0		0.2

		N		12784		7688		10316		7303		7073		8639		8566		10031		15312





AgecompRH

		Age composition of river herring spawning in New Hampshire coastal rivers derived from

		scale samples taken at the beginning, middle and end of the run, 1994-1998.

												Age (%)

		River		Year		N		III		IV		V		VI		VII+

		COCHECO		1994		142		48.6		44.4		7		0		0

				1995		140		13.6		56.4		25.7		4.3		-

				1996		224		20.1		34.8		28.1		16.1		0.9

				1997		145		31		33.8		23.4		9.7		2.1

				1998

		EXETER		1995		147		43.5		49.7		6.1		0.7		-

				1996		22		27.3		50		22.7		-		-

				1997		272		30.1		41.2		19.1		8.1		1.5

				1998

		OYSTER		1994		138		46.4		34.1		16.7		2.9		0

				1995		150		28.7		43.3		19.3		4		4.7

				1996		133		24.1		45.9		27.8		2.3		-

				1997		450		42.7		33.3		18.7		4.7		0.7

				1998

		LAMPREY		1994		141		33.3		48.9		13.5		4.3		0

				1995		142		17.6		56.3		23.2		2.8		0

				1996		127		20.5		48		27.6		3.9		-

				1997		97		15.5		18.6		36.1		25.8		4.1

				1998

		TAYLOR		1994

				1995

				1998





Dircatchpertrip

		Catch per trip for six important species in New Hampshire's marine recreational fishery as derived from trips

		directed towards the particular species, 1988-1996.  A directed trip was defined as a trip in which an

		interviewed angler stated that the species was sought or the species was caught (Note: catch per trip

		calculations for cod and polluck included trips in which "groundfish" was stated as a species sought and

		calculations for winter flounder included trips in which flounder was stated as a species sought).

												YEAR

		SPECIES		1988		1989		1990		1991		1992		1993		1994		1995		1996

		BLUEFISH		0.86		0.71		1.1		0.84		1.04		0.89		1.08		0.67		0.47

		COD		3.35		3.78		3.81		5.1		2.77		2.77		3.63		4.57		2.57

		MACKEREL		11.51		5.9		11.23		8.16		9.77		10.59		5.7		9.03		10.26

		POLLOCK		4.3		3.48		4.11		2.12		3.55		4.61		6.63		5.21		4.78

		WINTER FLOUNDER		1.52		1.14		1.72		0.92		1.26		1.43		0.5		1.02		1

		STRIPED BASS		0.07		0.21		0.55		0.26		0.41		0.62		1.3		1.74		1.74
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				2005		hand		adjusted		total		discharge

		21-Apr		13		690				690		277

		22-Apr		14		1122				2709		294

		23-Apr		12				690		746		324

		24-Apr		11				526		526		531

		25-Apr		10				843		843		631

		26-Apr		10				0		0		636

		27-Apr		10				6		6		588

		28-Apr		9				0		0		803

		29-Apr		10				0		0		852

		30-Apr		10				0		0		794

		1-May		10				0		0		840

		2-May		11				0		0		779

		3-May		8				0		0		747

		4-May		9				0		0		636

		5-May		9				0		0		522

		6-May		9				0		0		448

		7-May		10		2		120		122		447

		8-May		7				262		262		547

		9-May		7				3		3		537

		10-May		8				32		32		459

		11-May		10				161		161		421

		12-May		12				2288		2288		370

		13-May		13		850				5629		322

		14-May		11				917		917		284

		15-May		11				2155		2155		253

		16-May		11				663		663		248

		17-May		10		350		0		960		254

		18-May		13				875		875		237

		19-May		13		200		2182		2522		229

		20-May		15				4007		4007		214

		21-May		14		3		1558		1561		199

		22-May		14				3077		3077		309

		23-May		12				5392		5392		422

		24-May		10				192		192		776

		25-May		10		990		8		998		1,290

		26-May		9				0		0		1,950

		27-May		11				0		0		2,340

		28-May		12				0		0		1,960

		29-May		13				0		0		1,330

		30-May		14		42		0		42		994

		31-May		14		1245		0		1245		883

		1-Jun		16		780		0		780		769

		2-Jun		15		170		0		170		633

		3-Jun		14		365		0		365		531

		4-Jun		12		45		0		45		448

		5-Jun		20		9		0		9		387

		6-Jun		18		26		0		26		323

		7-Jun		19		6		0		6		290

		8-Jun		23		3		0		3		273

										40026
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				2004				hand		adjusted		total		discharge

				11-Apr								0		475

				12-Apr		7						0		418

				13-Apr		7						0		429

				14-Apr		7						0		970

				15-Apr		7						0		1150

				16-Apr		7						0		1170

				17-Apr		8						0		949

				18-Apr		10.5						0		756

				19-Apr		9						0		631

				20-Apr		13.5		2				2		550

				21-Apr								0		474

				22-Apr		11		50				50		412

				23-Apr		11		20				20		422

				24-Apr		13						0		469

				25-Apr		10						0		459

				26-Apr		9						0		525

				27-Apr		10						0		780

				28-Apr		10						0		914

				29-Apr		12						0		870

				30-Apr		12		33				33		685

				1-May		15		1957		0		1957		512

				2-May		15		175		137		312		446

				3-May		18		0		176		176		395

				4-May		17		0		1991		1991		509

				5-May		15		0		1269		1269		571

				6-May		14		208		475		883		593

				7-May		15		200		325		925		509

				8-May		12		0		492		508		413

				9-May		16		0		648		658		341

				10-May		12		200		1120		2239		293

				11-May		16		200		1375		1575		263

				12-May		17		0		10639		10639		243

				13-May		18		50		6723		8105		217

				14-May		19				9450		9450		192

				15-May		19				5861		6394		175

				16-May		19				5860		6191		299

				17-May		18				1755		1755		439

				18-May		18.5				1879		1879		437

				19-May		17				1929		1929		427

				20-May						445		445		370

				21-May		16				846		846		327

				22-May		17				763		763		288

				23-May		14		66		793		859		467

				24-May		10		69		132		201		792

				25-May		13				0		0		1090

				26-May		10				0		0		1110

				27-May		10				0		0		1020

				28-May		10				0		0		955

				29-May		10				191		191		1010

				30-May		11		73		208		281		934

				31-May		12				1305		1305		766

				1-Jun		12		50		0		50		587

				2-Jun		14				272		272		490

				3-Jun		14				168		168		453

				4-Jun		15				159		159		438

				5-Jun		15				897		897		400

				6-Jun		15				86		86		344

				7-Jun		16		180		10		190		292

				8-Jun		17				311		311		255

				9-Jun		18		37		234		271		227

				10-Jun		19		29				29		252

				11-Jun		18						0		255

				12-Jun		19		2				2		236

				13-Jun		19						0		198

				14-Jun		18		1				1		165

				15-Jun		19						0		144

				16-Jun		20						0		129

				17-Jun		20						0		109

				18-Jun		21						0		141

				19-Jun		21						0		163

				20-Jun		20						0		135

				21-Jun		19						0		110

				22-Jun		19						0		94

				23-Jun		20						0		86

				24-Jun		20						0		75

				25-Jun		19						0		67

				26-Jun		21						0		66

				27-Jun								0		88

				28-Jun		19						0		71

				29-Jun		19						0		68

				2-Jul		21						0		59

				6-Jul		21						0		43

				7-Jul								0		39

				12-Jul		20						0		63

				16-Jul		19						0		70

								0
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		2003				hand		adjusted		total		discharge

		11-Apr								0		603

		12-Apr								0		789

		13-Apr								0		942

		14-Apr		9						0		991

		15-Apr		9.5						0		866

		16-Apr		10						0		706

		17-Apr		11		17				17		567

		18-Apr		9		8				8		476

		19-Apr								0		405

		20-Apr		9						0		368

		21-Apr		10						0		339

		22-Apr		10						0		318

		23-Apr		10						0		315

		24-Apr		8						0		332

		25-Apr		9						0		329

		26-Apr		8						0		337

		27-Apr		8						0		611

		28-Apr		9						0		665

		29-Apr								0		610

		30-Apr		13		1145				1395		483

		1-May		14		500		356		910		387

		2-May		13				3310		3310		339

		3-May		12				354		354		313

		4-May		13				367		367		304

		5-May		14		500		2771		3513		295

		6-May		15				5006		5006		268

		7-May		15				2628		2628		245

		8-May		15		750		2850		4350		243

		9-May		15		650		1524		2174		253

		10-May		14				2241		2241		252

		11-May		15				2848		2848		240

		12-May		12				8664		9031		344

		13-May		13.5				3455		3455		412

		14-May						347		347		440

		15-May		13				48		48		429

		16-May		12				12		12		396

		17-May		14				14		14		340

		18-May						3547		3547		291

		19-May		16				809		2000		253

		20-May		18				7075		7075		221

		21-May		18				4551		4551		197

		22-May		17		104		1179		1283		195

		23-May		16		41		147		188		182

		24-May		15				21		21		175

		25-May		11				8		8		192

		26-May		11				0		0		233

		27-May		13		0				0		539

		28-May		12		1				1		626

		29-May		12		19				19		674

		30-May		11		1700				1700		627

		31-May		12		0				0		545

		1-Jun		15		1550				1550		472

		2-Jun		16		366				366		468

		3-Jun		15		86				86		422

		4-Jun		16		6				6		352

		5-Jun		16		1				1		324

		6-Jun		16		0				0		327

		7-Jun		17		0				0		292

		8-Jun		16		11				11		290

		9-Jun		16		13				13		272

		10-Jun		16		3				3		259

		11-Jun		17		0				0		226

		12-Jun		18		23				23		214

		13-Jun		18		4				4		202

		14-Jun		17		0				0		212

		15-Jun		18		0				0		216

		16-Jun		16		0				0		205

		17-Jun		18		0				0		180

		18-Jun		18		0				0		155

		19-Jun		19		2				2		146

		20-Jun		19		0				0		136

		22-Jun		20		0				0		122

		23-Jun		19		0				0		155

		25-Jun		23		0				0		137

		26-Jun		22		0				0		122

		27-Jun		23		0				0		112

		29-Jun		23		0				0		105

		1-Jul				0				0		83





2002Chart

		37358		12		12

		37359		0

		37360		14		14

		37361		13		13

		37362		15		15

		37363		1806

		37364		16		16

		37365		16		16

		37366		16		16

		37367		15		15

		37368		13		13

		37369		12		12

		37370		11.5		11.5

		37371		11		11

		37372		10		10

		37373		9		9

		37374		9		9

		37375		8		8

		37376		7.5		7.5

		37377		8.5		8.5

		37378		8.5		8.5

		37379		7.5		7.5

		37380		8		8

		37381		10		10

		37382		12		12

		37383		12		12

		37384		16		16

		37385		16		16

		37386		16		16

		37387		15		15

		37388		15		15

		37389		14.5		14.5

		37390		9		9

		37391		8		8

		37392		9		9

		37393		11		11

		37394		11		11

		37395		12		12

		37396		11		11

		37397		10		10

		37398		11.5		11.5

		37399		13		13

		37400		14		14

		37401		14.5		14.5

		37402		15		15

		37403		17		17

		37404		15.5		15.5

		37405		18		18

		37406		18		18

		37407		17.5		17.5

		37408		19		19

		37409		18		18

		37410		16.5		16.5

		37411		17		17

		37412		16.5		16.5

		37413		16		16

		37414		15		15

		37415		14		14

		37416		14.5		14.5

		37417		16		16

		37418		16		16

		37419		18.5		18.5

		37420		17.5		17.5

		37421		14		14
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		2002				hand		adjusted		total		discharge

		11-Apr								0		230

		12-Apr		12		39				39		203

		13-Apr								0		188

		14-Apr		14						0		180

		15-Apr		13						0		206

		16-Apr		15		875				875		235

		17-Apr						1806		1806		234

		18-Apr		16				4521		4521		216

		19-Apr		16				1240		1240		202

		20-Apr		16				2515		2515		190

		21-Apr		15				1336		1336		160

		22-Apr		13				564		564		146

		23-Apr		12		600		62		662		151

		24-Apr		11.5		400		545		945		148

		25-Apr		11				3		3		148

		26-Apr		10				0		0		261

		27-Apr		9				6		6		325

		28-Apr		9				58		58		331

		29-Apr		8				19		19		411

		30-Apr		7.5				10		10		470

		1-May		8.5				0		0		457

		2-May		8.5				0		0		441

		3-May		7.5				0		0		515

		4-May		8				0		0		533

		5-May		10				0		0		470

		6-May		12		150		558		708		378

		7-May		12				152		152		317

		8-May		16		500		3180		6431		266

		9-May		16		400		4427		4827		229

		10-May		16				3515		3515		221

		11-May		15				9628		9628		194

		12-May		15				1408		1574		175

		13-May		14.5				918		918		247

		14-May		9				331		331		814

		15-May		8		205		13		218		1020

		16-May		9				0		0		994

		17-May		11				0		0		775

		18-May		11				0		0		650

		19-May		12		189		0		189		697

		20-May		11				0		0		664

		21-May		10		140		0		140		580

		22-May		11.5		268		0		268		467

		23-May		13		285		0		285		378

		24-May		14		1100		0		1100		312

		25-May		14.5		100		940		1040		252

		26-May		15				4406		4406		214

		27-May		17				1081		1081		187

		28-May		15.5				3871		3871		196

		29-May		18				400		417		212

		30-May		18				1914		1914		192

		31-May		17.5				150		150		179

		1-Jun		19		146		0		146		278

		2-Jun		18				0		0		308

		3-Jun		16.5				0		0		259

		4-Jun		17		90				90		208

		5-Jun		16.5						0		174

		6-Jun		16						0		229

		7-Jun		15		24				24		428

		8-Jun		14						0		537

		9-Jun		14.5						0		487

		10-Jun		16		1				1		382

		11-Jun		16		19				19		301

		12-Jun		18.5		17				17		310

		13-Jun		17.5		4				4		405

		14-Jun		14		2				2		418

		15-Jun		13.5						0		450

		16-Jun								0		530

		17-Jun		12						0		532

		18-Jun								0		484

		19-Jun								0		397

		20-Jun		16						0		334

		21-Jun		17.5						0		258

		22-Jun								0		239

		23-Jun		18						0		325

		26-Jun		19						0		296
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		2001				hand		adjusted		total		Discharge

		13-Apr		4						0		1890

		16-Apr		6						0		1420

		17-Apr								0		1200

		18-Apr		7						0		1030

		19-Apr		5.5						0		858

		24-Apr		15		247				247		444

		25-Apr		14		547				547		391

		26-Apr		14		185				185		333

		27-Apr		12.5		100				100		295

		28-Apr		12				777		777		262

		29-Apr		12.5				2166		2166		238

		30-Apr		14				3826		3826		215

		1-May		13				718		718		201

		2-May		14.5				851		851		188

		3-May		18		1100		1544		3472		160

		4-May		18.5		400		4031		4431		125

		5-May		18.5		550		2518		3068		141

		6-May		17.5		500		2423		2923		133

		7-May		17.5		300		2328		2628		119

		8-May		18				1913		1913		106

		9-May		17.5				1294		1294		97

		10-May		16.5				653		665		91

		11-May		18.5		33		41		74		86

		12-May		19		1159		1107		2266		81

		13-May		18		61		2461		2522		82

		14-May		16		45		44		89		73

		15-May		15.5		11		168		179		66

		16-May		15				38		38		66

		17-May		13				9		9		67

		18-May		13.5				122		122		65

		19-May		13				41		41		66

		20-May		14				0		0		62

		21-May				200				200		58

		22-May		13.5				814		816		54

		23-May		15.5				2055		2055		52

		24-May		15.5				112		112		52

		25-May		16.5				43		43		51

		26-May		14.5				20		20		47

		27-May		14.5				7		7		64

		28-May		13.5		0				0		89

		29-May		14.5		1				1		87

		30-May		14.5		110				110		87

		31-May		13.5		160				160		80

		1-Jun		16.5		265				265		67

		2-Jul		14		0				0		113

		3-Jun		13		0				0		324

		4-Jun		12.5		46				46		382

		5-Jun		14		0				0		339

		6-Jun		14.5		0				0		266

		7-Jun		16.5		132				132		179

		8-Jun		16		175				175		131

		9-Jun		17.5		0				0		102

		10-Jun		17		30				30		82

		11-Jun		18		5				5		73

		12-Jun				0				0		148

		13-Jun		18.5		0				0		168

		14-Jun		18		0				0		149

		15-Jun		19		0				0		122

		16-Jun		21		1				1		99

		17-Jun		21.5		0				0		90

		18-Jun		21		0				0		153

		19-Jun		21		0				0		172

		20-Jun		21		0				0		171

		21-Jun		20		0				0		174

		22-Jun		22		0				0		147

		23-Jun		22		0				0		137

		24-Jun		22		0				0		125

		25-Jun		21		0				0		140

		26-Jun		23		0				0		134
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00

		2000				hand		adjusted		total		Discharge

		7-Apr		10		0				0		564

		11-Apr		8.5		0				0		680

		12-Apr		8.5		0				0		603

		14-Apr		9		0				0		456

		16-Apr		9		0				0		370

		18-Apr		9.5		4				4		295

		19-Apr		10.5		5				5		293

		22-Apr		14.5		0				0		1420

		23-Apr		6.5		0				0		2080

		24-Apr		6.5		0				0		2250

		26-Apr		7		0				0		1380

		27-Apr		6.5		0				0		1190

		28-Apr		6		0				0		1070

		29-Apr		9		0				0		960

		30-Apr		9.5		0				0		812

		1-May		12		46				46		677

		2-May		11.5		108				108		579

		3-May		11.5		35				35		504

		4-May		13		0		1174		1174		441

		5-May		14.5		0		639		639		391

		6-May		15.5		0		3261		3261		351

		7-May		15.5		0		684		684		319

		8-May		17.5		0		1046		1046		289

		9-May		19		0		3265		3265		260

		10-May		17.5		0		2090		2090		248

		11-May		15.5		600		1785		2385		358

		12-May		13.5		715		675		1390		406

		13-May		14		150		362		512		393

		14-May		15		0		18		18		374

		15-May		16		0		70		70		338

		16-May		14		150		933		1083		285

		17-May		15		1069		3		1130		247

		18-May		16		0		2251		2251		219

		19-May		14.5		7		1269		1276		247

		20-May		14		0		600		600		271

		21-May		14		150		453		603		269

		22-May		13.5		0		42		42		249

		23-May		11.5		106		51		157		226

		24-May		12.5		0		43		43		312

		25-May		13.5		0		47		47		443

		26-May		13.5		0				0		527

		27-May		16.5		7				7		468

		28-May		16		334				334		364

		29-May		16.5		930				930		290

		30-May		16.5		257				257		247

		31-May		16		171				171		209

		1-Jun		16.5		10				10		181

		2-Jun		18.5		2				2		151

		3-Jun		20		0				0		133

		4-Jun		19.5		0				0		113

		5-Jun		16.5		2				2		100

		6-Jun		15		1				1		93

		7-Jun		14		0				0		224

		8-Jun		14.5		0				0		325

		9-Jun		13.5		0				0		344

		10-Jun		14.5		0				0		286

		11-Jun		15.5		1				1		217

		12-Jun		15		0				0		196

		13-Jun		14		0				0		195

		14-Jun		14.5		0				0		186

		15-Jun		14.5		0				0		177

		16-Jun		16.5		0				0		163

		17-Jun		19.5		0				0		148

		18-Jun		20		0				0		166

		19-Jun		16.5		0				0		190

		20-Jun		18		0				0		164

		21-Jun		18		0				0		140

		22-Jun		17		0				0		124

		23-Jun		18.5		0				0		118

		24-Jun		17		0				0		113

		26-Jun		22.5		0				0		101

		27-Jun		25		0				0		92
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99

		1999		temp		hand		adjusted		total		discharge

		2-Apr								0

		22-Apr		14.5		4				4		149

		23-Apr		13		0				0		142

		24-Apr								0		137

		25-Apr		13		0				0		122

		26-Apr		13.5		0				0		115

		27-Apr		13.5		575				575		111

		28-Apr		14		71				71		101

		29-Apr		14		169				169		97

		30-Apr		13.5		72				72		95

		1-May		14				14		14		88

		2-May		14.5				1		1		83

		3-May		16.5				605		605		77

		4-May		16.5				292		292		88

		5-May		16				3460		3460		151

		6-May		16				48		48		169

		7-May		15		150		1003		1816		166

		8-May		15		432				432		157

		9-May		16		1150				1150		163

		10-May		16		895				895		153

		11-May		18				711		711		133

		12-May						820		826		114

		13-May		20				1800		1800		96

		14-May		16				300		300		88

		15-May		16				153		153		81

		16-May		16.5		84		228		312		74

		17-May		17		333				333		65

		18-May		17		945				945		58

		19-May		19		1239				1239		63

		20-May		16		836				836		120

		21-May		19		167				167		130

		22-May		17.5		220				220		126

		23-May		19.5		456				456		106

		24-May		19		1155				1155		140

		25-May		18		91				91		235

		26-May		17.5		504				504		209

		27-May		17		199				199		184

		28-May		16.5		113				113		152

		29-May		17.5						0		124

		30-May				14				14		104

		31-May		19.5		21				21		89

		1-Jun								0		76

		2-Jun		20.5		23				23		67

		3-Jun		21.5		5				5		61

		4-Jun		22.5						0		52

		5-Jun		20						0		44

		6-Jun		21.5		1				1		40

		7-Jun		22		2				2		37

		8-Jun		23.5						0		35

		9-Jun		21						0		32

		10-Jun		22						0		29

		11-Jun		22.5						0		27

		12-Jun		22.5						0		24

		13-Jun		23.5						0		22

		14-Jun		23						0		20

		15-Jun		23.5		36				36		19

		16-Jun								0		18

		17-Jun		22						0		18

		18-Jun		21.5						0		17

		19-Jun		21						0		17

		20-Jun		22						0		16

		21-Jun		22						0		15

		22-Jun		24.5						0		14

		23-Jun		24		1				1		13

		24-Jun		25						0

		25-Jun		25						0

										20067
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98

		98		temp		Hand		adjusted		total		Discharge

		13-Apr								0

		15-Apr		11.5		0				0

		20-Apr		13.5		0				0

		21-Apr		13		456				456		298

		22-Apr				0				0		321

		23-Apr		13.5		0				0		280

		24-Apr		14		0				0		409

		25-Apr								0		430

		26-Apr		10		0				0		385

		27-Apr		10.5		0				0		328

		28-Apr		11.5		0				0		273

		29-Apr		12.5		0		190		190		236

		30-Apr		12.5		0		116		116		205

		1-May				0				0		183

		2-May		15		0		2861		2861		215

		3-May		15		0		3204		3204		266

		4-May								0		276

		5-May		13.5		0		3490		3490		275

		6-May		15.5		275		936		1211		657

		7-May		14		0				0		1030

		8-May		15		0				0		1080

		9-May		15		0				0		971

		10-May		14		0				0		794

		11-May								0		747

		12-May		13.5		0		4		4		767

		13-May		13.5		0		15		15		660

		14-May		13.5		0		0		0		548

		15-May		15		0		0		0		455

		16-May		16		0				0		375

		17-May		17		1915				1915		325

		18-May		18		950				950		294

		19-May		18		825				825		259

		20-May		18.5		0				0		237

		21-May		20.5		440		0		440		216

		22-May		18				203		203		186

		23-May		20.5		31		18		49		163

		24-May		19.5		0		6		6		140

		25-May		21		0		4		4		121

		26-May		20.5		0				0		106

		27-May		20		4				4		94

		28-May		21.5		0				0		83

		29-May		21		1				1		75

		30-May		22		0				0		70

		31-May		21.5		0				0		68

		1-Jun		21		0				0		239

		2-Jun		19.5		1				1		308

		3-Jun		20.5		1				1		306

		4-Jun		19		0				0		242

		5-Jun		18		1				1		189

		6-Jun		18		0

		6/14		25

		6/16		23

		6/18
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97

		97		temp		hand		adjusted		total		discharge

		8-Apr		7						0

		5-May		13		147				147		516

		6-May		13.5		0				0		463

		7-May		12		0				0		388

		8-May		12		0				0		366

		9-May		12.5		0				0		336

		10-May		11.5		0				0		329

		11-May		11.5		0				0		329

		12-May		12.5		0				0		312

		13-May		13		0		0		0		288

		14-May		16		0		0		0		275

		15-May		15		0		93		93		259

		16-May		15.5		0		186		186		269

		17-May				0		87		87		271

		18-May		15		0		59		59		253

		19-May		14.5		0		1130		1130		247

		20-May		14		0		384		384		359

		21-May		15		150		5710		5860		404

		22-May		15		0		985		985		385

		23-May		15		0				0		326

		24-May		15		0				0		271

		25-May		15						0		249

		26-May		15						0		245

		27-May		15.5						0		223

		28-May		16.5		2000				2000		198

		29-May		16		1095				1095		177

		30-May		17.5				3330		3330		156

		31-May		18.5				1070		1070		134

		1-Jun		19				4333		4333		120

		2-Jun		19				1477		1477		110

		3-Jun		19

		4-Jun		18

		5-Jun

		6-Jun		18

		7-Jun		19

		8-Jun		18

		9-Jun		18.5

		10-Jun		20

		11-Jun		19.5

		12-Jun		20.5

		13-Jun		20.5

		14-Jun		21

		15-Jun		22.5

		16-Jun		24

		17-Jun		22

		18-Jun		21

		19-Jun		22.5

		20-Jun		22

		21-Jun		23

		22-Jun		23.5

		23-Jun		25.5
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Sheet2

		Discharge

		Day		72 Year Mean		2005		2006

		4/20		614		224		135

		4/21		566		277		125

		4/22		537		294		111

		4/23		517		324		113

		4/24		508		531		205

		4/25		512		631		273

		4/26		498		636		273

		4/27		487		588		231

		4/28		475		803		183

		4/29		476		852		154

		4/30		462		794		141

		5/1		437		840		129

		5/2		413		779		188

		5/3		405		747		530

		5/4		415		636		641

		5/5		405		522		586

		5/6		385		448		455

		5/7		366		447		342

		5/8		358		547		275

		5/9		368		537		242

		5/10		382		459		330

		5/11		392		421		340

		5/12		398		370		347

		5/13		397		322		1,010

		5/14		423		284		3,840

		5/15		455		253		7,600

		5/16		476		248		8,400

		5/17		455		254		6,240

		5/18		429		237		3,940

		5/19		403		229		2,500

		5/20		373		214		1,840

		5/21		353		199		1,400

		5/22		341		309		1,150

		5/23		320		422		931

		5/24		308		776		748

		5/25		310		1,290		612

		5/26		321		1,950		504

		5/27		316		2,340		425

		5/28		298		1,960		376

		5/29		273		1,330		326

		5/30		272		994		292

		5/31		268		883		255

		6/1		274		769		203

		6/2		289		633		773

		6/3		293		531		1,090

		6/4		290		448		1,920

		6/5		277		387		2,170

		6/6		257		323		1,770

		6/7		244		290		1,310

		6/8		254		273		1,990





Sheet1

		Day of		Mean of daily mean values for each day for 72 - 73 years of record in, cfs   (Calculation Period 1933-10-01 -> 2006-09-30)

		month

				Period-of-record for statistical calculation restricted by user

				Jan		Feb		Mar		Apr		May		Jun		Jul		Aug		Sep		Oct		Nov		Dec

		1		283		281		375		841		437		274		128		104		61		69		168		353

		2		281		263		372		916		413		289		123		102		56		70		188		350

		3		277		272		375		998		405		293		116		94		53		71		218		348

		4		276		296		378		1,010		415		290		105		88		53		73		241		337

		5		274		307		375		989		405		277		95		83		56		70		246		326

		6		272		303		389		978		385		257		94		76		52		72		240		327

		7		268		294		404		958		366		244		94		72		50		89		233		375

		8		263		287		416		863		358		254		91		69		47		99		244		379

		9		274		272		435		754		368		251		90		68		49		108		256		383

		10		298		260		463		694		382		240		87		70		54		108		254		370

		11		307		263		478		686		392		233		87		70		67		108		267		360

		12		304		268		505		690		398		213		86		69		85		104		266		355

		13		285		266		522		689		397		207		92		70		90		109		267		357

		14		265		269		573		690		423		226		97		71		84		115		267		352

		15		264		270		609		670		455		237		93		67		77		128		278		359

		16		273		284		612		657		476		229		90		63		72		149		280		345

		17		262		284		610		659		455		205		87		61		77		169		268		338

		18		245		289		627		654		429		194		82		58		76		159		256		332

		19		236		295		659		638		403		183		78		62		77		148		247		331

		20		237		293		729		614		373		173		79		80		84		151		255		335

		21		243		299		748		566		353		161		79		84		85		194		265		335

		22		251		320		774		537		341		152		86		82		82		233		277		335

		23		263		350		804		517		320		149		92		70		80		234		287		319

		24		270		358		793		508		308		149		93		62		77		203		278		307

		25		299		385		762		512		310		142		87		57		74		192		281		307

		26		338		393		751		498		321		138		82		58		78		195		295		310

		27		373		395		778		487		316		140		76		60		81		191		310		315

		28		386		385		804		475		298		135		84		60		81		181		309		310

		29		382		365		812		476		273		131		111		54		75		174		339		303

		30		353				800		462		272		129		121		58		69		169		352		295

		31		312				808				268				122		59				167				293






