Figure 2.3. The age-structure of a white sucker population post harvesting (F) using the Ricker

(A) and Beverton-Holt recruitment model (B).
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The biomass of white suckers harvested during the first year was the same for both
recruitment curves as the level of additive mortality increased (Figure 2.4). Under chronic
harvest, the dynamics of the two models differed. The projected harvest deviated around F of
0.05 (Figure 2.4). The Beverton-Holt curve had a linear response as harvesting increased and
reached an asymptote at F of 0.3, while the Ricker curve projected a negative feedback (as adults

were removed, the population increased in number for younger age-classes).
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Figure 2.4. Modeled change in the biomass (kg) of white suckers harvested under varying levels
of additive mortality (F = 0.00 to 1.11). Solid line represents the biomass of fish harvested at the
first year of harvest for both the Beverton-Holt and Ricker models, long dashed line represents
the amount harvested after values stabilized in the Beverton-Holt model, and the small dashed

line represents the amount harvested after values stabilized in the Ricker model.
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Discussion

As expected, we produced a model that approximates the observations that were used to
parameterize it. This increased our confidence that our parameters were a reasonable portrayal of
patterns seen in nature. There was some deviations between the model and field datasets (i.e.
strong or weak year-classes), however this was expected as we assumed no stochastic or
environmental variation that are known to influence recruitment (Larkin 1977; Hilborn and
Walters 1992; Winemiller 2005). Over-representation in year-classes could be due to a number
of favorable environmental conditions including ideal water temperatures, food availability, and
low predation which are stochasitic between years.

The sensitivity results for the Beverton-Holt curve were expected due to the assumptions
of the model. The cuve follows a mathematical formula that allows the population to increase at
low densities (a-parameter) where it then reaches an asymptotic level (B-parameter) that prevents
the population from overshooting its carrying capacity (Beverton and Holt 1957). This was
observed when a-parameter was increased by 1% and there was a resulting postive effect on all
density outputs (Table 2.4), while an increase in 3-parameter resulted in no sensitivity. The B-
parameter is controled by the assumption that food and habitat availability are limited which
prevents the population from exponential growth (i.e. intra-year competition); (Beverton and
Holt 1957; Myers et al. 1999). This explains why the total population output in the sensitivity
analysis resulted in no significant change when the remaining inputs (excluding a-parameter)
were manipulated.

For both models harvest resulted in a truncation of age distribution and this increased in
severity with increased pressure. This was consistant with field observations (refer to Chapter 1)

and has also been documented in other fish species that are harvested around the world. In
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British Columbia, Ricker (1981) reported a decrease in age structure for five species of Pacific
Salmon Oncorhynchus (from 1950 to 1980) that was connected to heavy harvest; the Atlanic cod
Gadus morhua fishery experienced similar effects as a result of 350-years of exploitation
(Trippel 1995). The European hake Merluccius merluccius also experiences truncation effects
due to harvesting pressure (Durant et al. 2013).

For this study, our simulated harvest pressure (F = 0.466) confirmed the level of
truncation seen in “harvested lakes,” however the distributions were found to be different. This
could be due to the range of harvesting mortalities estimated for each individual lake (F = 0.187,
0.350, and 0.860). The model applied the aggregate average mortality and this did not account
for the variability seen in the lake with the highest harvest pressure (F = 0.860) which
experienced stronger age truncation. The lack of perfect concordance could be due to fishery-
induced evolution in observed data, whereas the harvest model does not include evolutionary
responses. The harvest model provided an age-structure trend under harvesting pressure,
however, it is apparent that each lake responds differently necessitating site-specific analysis.
Our inablity to account for incomplete recruitment to gear also might account for the variability
seen between the model and field data. One of the largest deviations in comparison between the
model and “harvested lakes” was the model gave a much higher estimate of age-3 spawners than
what was captured in Chapter 1.

The Ricker recruitment curve produced the same proportional age-class distrubution as
the Beverton-Holt curve, however model sensitivities were different due to model assumptions.
Both models allow the population to increase at low densities (a-parameter), however while the
Beverton-Holt curve asymptotes at carrying capacity (p-parameter), the Ricker curve

overcompensates and then produces a negative feed-back where recruitment decreases as density
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increases (Ricker 1968). This was observed when B-parameter was increased by 1% and there
was a resulting negative effect on all density outputs (with the exception of egg production;
Table 2.4). The B-parameter is controlled by the assumption that as spawning numbers increase
there is higher competition for spawning habitat (i.e. inter-year competition). An over-crowding
phenomenon occurs (e.g. redd superimposition for Pacific salmon) that prevents eggs from
successfully developing into YOY (Ricker 1968; Hilborn and Walters 1992; Rose et al. 2001).
This negative-feedback was also observed when the fecundity parameter (b) was increased and a
resulting negative sensitivity occurred in all outputs (with the exception of egg production).

The degree to which recruitment curve assumptions are valid significantly influence the
theoretical levels of sustained harvest. We chose to model both recruitment curves because we
belived it would strengthen our predictive ability at understanding age-structure patterns. The
age distribution of fish does not change under both recruitment curves, however there is a strong
numeric difference in younger age-classes under increasing levels of harvest. The Ricker curve
produced a larger population size than that of the Beverton-Holt curve under additive harvesting
mortality, and the increase in individuals was dominated by the younger age-classes (Figure 2.3).
A larger population then translated to higher available biomass harvested from the population
(Figure 2.4). As expected under the model assumptions for the Ricker curve, when the number of
fish removed from a lake increased food or space became available for younger fish. In contrast,
a removal of fish in the Beverton-Holt model resulted in an asymptote in available biomass.

Model limitations are important to consider when interpreting recruitment simulations
under harvest (Beverton and Holt 1957; Ricker 1968). When spawner numbers decrease in a
model, both recruitment curves have compensatory mechanisms that prevent the simulated

population from collapsing. This is a concern when analyzing high harvest levels because the
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simulation may produce results that are overly optimistic of the actual population response
(Hilborn and Walters 1992; Hubert and Quist 2010) nor do they account for fishery-induced
evolution. They do not account for the additional factors that also influence population response
(which are often stochasitic): predator density, the environment (i.e. temperature, pH,
precipitation), and food availability (Haefner 2005; Hubert and Quist 2010). When we increased
the level of harvesting pressure in our model there was an expected loss of older age-classes. In
the field the response might be a complete loss of those older fish, which could have a significant
impact on later spawner recruitment as a result of less YOY input. The presistence of old, highly-
fecund females are important in habitats that experience constant environmental stochasticity
because they aid in producing strong year-classes. An additional limitation on the model is that it
does not predict the levels of harvesting pressure a population can handle before it collpases.

It is unclear whether Beverton-Holt or Ricker model better describes the early
recruitment of white suckers. The Ricker curve is often used for species that compete for space
during spawning or whose young are extremely territorial (e.g. Pacific salmon species).
However, white suckers are not aggressive and opportunistically broadcast spawn in areas that
have small gravel and flowing water (Geen et al. 1966; McManamay et al. 2012). In the absence
of empirical evidence, using both recruitment curves produced a range of harvesting responses to
illustrate the variation a population might experience in the field. For managing purposes, the
conservative model (Beverton-Holt) would provide a more cautious method for projecting
changes in harvest biomass.

In the United States, there has been a considerable amount of research on economically
important freshwater fish, yet even with its importance in the lobster industry, the white sucker is

not highly regarded and has even been targeted as a threat to game fish (e.g. brook trout
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Salvelinus fontinalis) and subject to eradication (Holey et al. 1979; Tremblay and Magnan 1991).
This is in stark contrast to a plethora of ecological information reporting white sucker influence
during spring headwater production which provides energy to a number of species within the
food web (Hall 1972; Sanderson et al. 2009; Childress et al. 2014). It is believed that white
suckers feed on the eggs and fry of recreationally important fish, however, there has been no
evidence to support the claim (Holey et al. 1979; Cooke et al. 2005). This misconception started
from papers written in the 1950’s and 1970’s (cited in Holey et al. 1979: Curtis 1957, Hubbs and
Lagler 1964, Brown 1966, Schneberger 1972, and Minckley 1973) which resulted in managers
across the United States responding with white sucker removal projects to enhance sportfish
survival (Holey et al. 1979). Such efforts still occur(e.g. MDIFW Little Moxie Pond removal
project, unpublished) but provide dubious results. This view may also provide a policy
impedement for active management of white suckers fisheries.

A similar fishery on the United States northwest coast occurred until 1987 with the Lost
River sucker Deltistes luxatus. These fish were exploited commercially for oil and canned food
until their numbers drastically dropped in the late 1980°s (Cooke et al. 2005; Janney et al. 2008).
Unlike the white sucker they mature at a later age (age-7 to age-8), however they both are long-
lived species (maximum age-43). The fishery closed in 1987 when catch totals dropped from
10,000-spawning idividuals in 1968 to 687-spawning individuals in 1985 (Janney et al. 2008).
After the fishery collapse, Janney et al. (2008) investigated post-harvest population
demographics using 13-years of data from 1995 to 2007. They found that twenty years after the
fishery closed, there was still no significant recruitment within harvested populations. A shift in
size-structure was reported, with smaller individuals dominating the population. This case study

provides a cautionary tale for a catostomid species that was also thought to be resilient. Perhaps
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with stricter regulations the dramatic decline in population size of the Lost River sucker could
have been avoided.

We built this deterministic model of white suckers to be utilized as a tool for the
framework of decision making in the commercial sucker fishery. It provides a first look at age-
structure response, and can isolate the effects of harvesting pressure on population demography
(Miller et al. 2013) that managers can use to better understand age-structure effects on future
generations. This tool in conjuction with field data could help asses the viability, productivity,
and resilience of white sucker populations (Hilborn and Walters 1992). Monitoring age-
structures in the field might be accomplished by requiring harvesters to provide a predetermined
number of white sucker heads (i.e. to age otoliths) harvested during the season. This lethal
method of head removal (for otoliths) could provide managers a more reliable strutcture for
aging mature fish than scales (Sylvester and Berry 2006). Requiring sucker harvesters to report
the number of traps used, effort, and catch total would also aid in the management of the fishery
in the future. These suggestions would require substantial harvester compliance and would place

a greater role of responsibility on managers to communicate the importance of data collection.
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CHAPTER THREE

ANALYSIS OF COMMERCIAL SUCKER PERMIT FREQUENCY AND EFFORT

LOCATION IN MAINE WATERS

Abstract

White Suckers Catostomus commersonii are commercially harvested in Maine for bait in
the lobster industry, and to date there have been minimal regulations on the fishery. In order to
inform management decisions this study provided a first-look at understanding sucker harvest
through sucker permit data. The purpose of this study was to describe 1) pattern of permits
issued from 1994 to 2016 by the Maine Department of Inland Fisheries and Wildlife (MDIFW),
2) harvesting effort distribution in the State, and 3) determine the frequency of permits issued per
waterbody. Sucker permits (n = 940) were collected from the 7-biological regions managed by
MDIFW and compiled into a central database from 2012 to 2016. Region B had the most
permitted waters during the 5-year query (529-permits) while Region G had the least (3-permits).
A list was compiled for each biological region for waterbodies with eight or more permits to
provide managers with potential target areas to focus efforts for monitoring in future harvest
seasons. Additional information identified here that might be collected by reports (i.e. the type
and number of gear, effort, and catch totals per site) could also help improve monitoring and

management of the fishery in years to come.

Introduction
Suckers (catostomids) are ecologically, commercially, and recreationally important fish
in the United States. Catostomids in the northern range of the country migrate en mass in the

spring just after ice out to spawn in small tributaries, providing energy and nutrients that fuel
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production in headwater streams (Vanni 2002; Sanderson et al. 2009; Childress et al. 2014). It is
during this time many sucker species are targeted through angling, spearfishing, and trapping.

In Maine White Suckers Catostomus commersonii are an important source of fresh bait
for the lobster Homarus americanus fishery. The preferred lobster bait is alewife Alosa sp.,
however suckers run earlier in the spring season (white sucker run = 11°C, alewife run =
12.8°C); (Geen et al. 1966; McManamay et al. 2012; State of Maine 2016). From April through
June the sucker fishery is open and allows harvesters the option of utilizing a combination of trap
nets (3/8-inch bar or 3/4-inch stretch mesh), dip nets, and spears (unless an area has special
requirements) to collect fish. Longnose suckers C. catostomus are also harvested during the
sucker season, however the majority of catch is dominated by White Suckers. Harvesters are able
to purchase an unlimited number of individual and crew permits (includes 3-harvesters) which
allows a harvester to fish up to 4-waterbodies per permit.

Since the start of the fishery in 1991, the Maine Department of Inland Fisheries and
Wildlife (MDIFW) has set no limits on the number of permits issued each year nor are there
requirements for harvesters to report yearly catch totals. Perception of increased harvesting and
absence of regulatory information have fostered the concern that overfishing may be having
adverse effects on existing populations (i.e. age truncation, reduced fecundity, and loss in genetic
diversity); (Anderson et al. 2008). To mitigate this concern as well as limit the bycatch of other
valued species (i.e. brook trout Salvelinus fontinalis), MDIFW has preemptively closed a number

of waterbodies to sucker harvest (Table 3.1).
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Table 3.1. Waterbody closure to commercial sucker harvest in Maine by the Maine Department

of Inland Fisheries and Wildlife from 2010 to 2016. 10 refers to 2010, 11 refers to 2011, 12

refers to 2012, 13 refers to 2013, 14 refers to 2014, 15 refers to 2015, and 16 refers to 2016. An

“x” indicates the waterbody was closed during that year.

Region
A Name Town County 10 11 12 13 14 15 16
Auburn Lake Auburn Androscoggin - X X X X X X
Baker Pond Caratunk Somerset - X X X X X X
Balch Pond Newfield York - X X X X X X
Barker Pond Sebago Cumberland - X X X X X X
Barker Pond Hiram Oxford - - - X X X X
Big Clemons Pond Hiram Oxford - - X X X X X
Big Speck Pond Norway Oxford - - X X X X X
Brandy Pond Naples Cumberland - X X X X X X
Broken Bridge Pond Albany Oxford - - X X X X X
Bryant Pond Woodstock Oxford - X X X X X X
Coffee Pond Casco Cumberland - X X X X X X
Colcord Pond Porter Oxford - X X X X X X
Collins Pond Windham Cumberland - X X X X X X
Crescent Lake Raymond Cumberland - X X X X X X
Crescent Lake T9 R15 WELS Piscataquis - . X X X X X
Crooked River Naples to Casco ~ Cumberland - X X X X X X
Crystal Lake Gray Cumberland - X X X X X X
Crystal Lake Harrison Oxford - - X X X X X
Cushman Pond Lovell York - X X X X X X
Great East Lake Acton York - - - X X X X
Hancock Pond Denmark Oxford - - X X X X X
Hogan Pond Oxford Oxford - X X X X X X
Keewaydin Lake Stoneham Oxford - - X X X X X
Kennebunk Pond Lyman York - - X X X X X
Keoka Lake Waterford Oxford - - X X X X X
Keys Pond Sweden Oxford - X X X X X
Lovell Lincoln
Kezar Lake Plt. Oxford - X X X X X X
Lake Arrowhead Waterboro York - X X X X X X
Legion Pond Kittery York - X X X X X X
Little Androscoggin River Mechanic Falls ~ Androscoggin - X X X X X X
Little Concord Pond Woodstock Oxford - - X X X X X
Little Ossipee Lake Waterboro York - X X X X X X
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Table 3.1 continued.

Little Ossipee River
Little Sebago Lake
Long Pond
Lovewell Pond
Lower Kimball Pond
Lower Range Pond
Middle Pond
Middle Range Pond
Moose Pond
Moose Pond
Mosquito Pond
Mousam Lake
Norway Lake
Overset Pond
Panther Pond
Parker (Lilly) Pond
Peabody Pond
Pickerel Pond
Pleasant Hill Pond
Pleasant Lake
Pleasant Pond
Pleasant River
Presumpscot River
Raymond Pond
Round Pond
Sabbathday Lake
Sebago Lake

Shagg Pond
Skeleton Flowage (Saco
River)

Songo River
Southeast Pond
Southeast Pond
Spaudling Pond
Square Pond
Stearn Pond
Thomas Pond
Thompson Lake
Trickey Pond

Waterboro
Windham
Parsonfield
Fryeburg
Fryeburg
Poland
Hiram
Poland
Bridgton
Denmark
Albany
Shapleigh
Norway
Greenwood
Raymond
Casco
Sebago
Limerick
Scarborough
Island Falls
Casco
All
Windham
Raymond
Albany

New Gloucester

Naples
Woodstock

Dayton
Naples
Naples
Hiram
Lebanon
Acton
Sweden
Raymond
Oxford
Naples

York
Cumberland
York
Oxford
Oxford
Androscoggin
Oxford
Androscoggin
Cumberland
Oxford
Oxford
York
Oxford
Oxford
Cumberland
Cumberland
Cumberland
York
Cumberland
Aroostook
Cumberland
Washington
Cumberland
Cumberland
Oxford
Cumberland
Cumberland
Oxford

York
Cumberland
Cumberland

Oxford
York
York

Oxford

Cumberland
Oxford
Cumberland

X X X

X X X X X X X X X X

x

X X X X X X X X X X X X X X X X X X X X X X X X
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Table 3.1 continued.

Tripp Pond Poland Androscoggin - - X X X X X
Trout Pond Stoneham Oxford - X X X X X X
Upper Range Pond Poland Androscoggin - - X X X X X
Wilson Lake Acton York - - X X X X X
Region
B Name Town County 10 11 12 13 14 15 16
Bear Pond Waterford Oxford - - X X X X X
Cobbosseecontee Stream Gardiner Kennebec - X X X X X X
Cove Brook All Waldo - X X X X X X
Damariscotta Lake Jefferson Lincoln - X X X X X X
DuckTrap River All Waldo - X X X X X X
SW Harbor to
Echo Lake MDI Hancock - - - - - - X
Great Pond Belgrade Kennebec - X X X X X X
Augusta to
Kennebec River Waterville Kennebec X X X X X X X
McGrath Pond Oakuville Kennebec - X X X X X X
Messalonskee Lake Belgrade Kennebec - X X X X X X
Parker Pond Jay Franklin - X X X X X X
Pleasant (Mud) Pond Gardiner Kennebec - X X X X X X
Pushaw Lake Old Town Penobscot - X X X X X X
Sand Pond Denmark Oxford - - X X X X X
Winslow to
Sebasticook River Benton Kennebec - X X X X X X
Sheepscot River All Lincoln - X X X
South Pond Greenwood Oxford - - X X X X X
Region
C Name Town County 10 11 12 13 14 15 16
Alligator Lake T34 MD Hancock - X X X X X X
Beech Hill Pond Otis Hancock - X X
Grand Lake
Big Lake Stream Washington - X X X X X X
Branch Lake Ellsworth Hancock X X X X X X X
Cathance Lake Cooper Washington - X X X X X X
Craig Pond Orland Hancock - - - - - X X
Denny's River All Washington - X X X X X X
Donnell Pond Franklin Hancock - X X X X X X
Eagle Pond Bar Harbor Hancock - - - - - X X
East Machias River All Washington - X X X X X X
Gardner Lake East Machias Washington - X X X X X X



Table 3.1 continued.

Green Lake Ellsworth Hancock X X X X X X X
Hopkins Pond Mariaville Hancock - X X X X X X
Junior Lake Pukakon Twp. Penobscot - X X X X X X
Lambert Lake
Lambert Lake Twp. Washington - X X X X X X
Long Pond Mt. Desert Hancock - X X X X X X
Machias River All Washington - X X X X X X
Mopang Lake T29 MD Washington - X X X X X X
Narraguagus River All Hancock - X X X X X X
Narraguagus River All Washington - X X X X X X
Phillips Lake Dedham Hancock - X X X X X X
Pleasant River All Washington - X X X X X X
Pocumcus Lake T06 ND BPP Washington - X X X X X X
Spednic Lake Vanceboro Washington - X X X X X X
Spring Lake T3ND Hancock - X X X X X X
Sysladobsis Lake, Lower Lakeville PIt. Penobscot - - - X - - -
Sysladobsis Lake, Upper Lakeville Penobscot - X X X X X X
Toddy Pond Orland Hancock - X
Tunk Lake T10 SD Hancock - X X X X X X
Grand Lake
West Grand Lake Stream Washington - X X X X X X
West Musquaash Lake Talmadge Washington - - - - - - X
Region
D Name Town County 10 11 12 13 14 15 16
Abbots Pond Sumner Oxford - - - - - - X
Aziscohos Lake Lincoln PIt. Oxford - X
B Pond Upton Oxford - X X X X X X
Baker Pond Caratunk Somerset - X X X X X X
Bald Mountain
Bald Mountain Pond Twp. Somerset - X X X X X X
Beaver Mountain Lake Sandy River PIt Franklin - X X X X X X
Chain of Ponds
Chain of Ponds Twp. Franklin - X X X X X X
Dodge Pond Rangeley Franklin X X X X X X X
Embden Pond Embden Somerset - X X X X X X
Hancock Pond Sebago Cumberland - X X X X X X
Kennebago Lake Davis Twp. Franklin - X X X X X X
Kennebago River above
Kennebago Falls Twp, etc. Franklin - X X X X X X
Kingsbury Pond Kingsbury Somerset - X X X X X X
Stetsontown
Little Kennebago Lake Twp. Franklin - X X X X X X
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Table 3.1 continued.

Long Pond Twp.Dand E Franklin - X X X X X X

Lord Brook Grand Falls Penobscot - - - - - - X
Magalloway

Magalloway River Plt. Oxford - X X X X X X

Mayfield Pond Mayfield Somerset - X X X X X X

Mooselookmeguntic Lake Rangeley Franklin - X X X X X X
Lynchtown

Parmachenee Lake Twp. Oxford - X X X X X X
Pierce Pond

Pierce Pond & trib ponds Twp. Somerset - X X X X X X

Pleasant Lake Kossuth Twp Washington - X X X X X X

Pleasant Pond Caratunk Somerset - X X X X X X

Pond in the River Township C Oxford - X X X X X X

Quimby Pond Rangeley Franklin - X X X X X X

Rangeley Lake Rangeley Franklin X X X X X X X

Richardsontown

Richardson Lakes Twp. Oxford - X X X X X X
T3R4 BKP

Spring Lake WKR Somerset - X X X X X X
Magalloway

Sturtevant Pond PIt. Oxford - X X X X X X

Worthley Pond Peru Oxford - - X X X X X

Region
E Name Town County 10 11 12 13 14 15 16

Allagash Lake T8 R14 Piscataquis - . X X X X X

Baker Pond Caratunk Somerset - X X X X X X

Black Lake T15 R09 WELS Aroostook - X X X X X X

Caribou Lake- Ragged

Stream T2 R12 Piscataquis - - X X X X X
Carrying Plc.

Carry Pond (West) Twp. Somerset - X X X X X X

Chamberlain Lake T6 R11 Piscataquis - - X X X X X

Crocker Pond Albany Oxford - - X X X X X

Moose River Rockwood Somerset X X X X X X X

Moosehead Lake to Lily

Bay Brook Lily Bay Piscataquis X X X X X X X

Moosehead Lake to Moose

Brook (formerly Squaw Big Moose

Brook) Twp. Piscataquis X X X X X X X

Moosehead Lake to North

Brook Lily Bay Piscataquis X X X X X X X

Moosehead Lake to South

Brook Lily Bay Piscataquis X X X X X X X

Mud Pond T9 R15 WELS Piscataquis - - X X X X X

Round Pond T6 R11 Piscataquis - - X X X X X
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crew permit only covered 2-harvesters, but this was increased to three in 2014. This information
was transcribed into a user-friendly database (i.e. Microsoft Access; Microsoft Corporation,
Redmond, Washington) that will allow managers to query and manipulate the information
quickly and easily. Waterbodies were entered separately and linked to their respective permit
number to describe area frequencies. We based our analysis on the assumption that the number
of permits issued for each waterbody reflects equal harvesting effort. The number of permits
issued for each body of water was compiled and then transferred to ArcMap 10 (Esri, Redlands,

California) to generate a frequency map.

Permit issuance: The total number of individual and crew permits (n = 887) were calculated for
each year (2006 to 2016). Of those entered, we queried waterbodies that had been fished in the
last 5-years (385-permits) to identify areas with high harvest traffic in the State. Waterbodies
with eight or more permits issued from 2012 to 2016 (n = 103) were sorted from the database
and ranked to determine areas with the most harvesting pressure (1 = the greatest number of
permits, 20 = the least number of permits). From the ranked waterbodies we then compiled a list
separated by biological regions to highlight areas with “high” harvesting that might require
additional monitoring from management. We assigned locations with forty or more permits as
“high” levels of harvest, ten to thirty-nine permits as “moderate,” and nine permits or less as
“low” levels of harvest. Based on the rankings in the 5-year permit count, the 3-harvested lakes
from Chapter 1 (Unity Pond, Millinocket Lake, and Graham Lake) were examined to infer if the
number of permits issued corresponded with the instantaneous mortality estimated for each lake.
Waterbody closure (which is region specific) was included to describe the spatial scale

within the State. We compiled a list of closures from 2010 to 2016 to describe the number of
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lakes and rivers closed for each Region (Table 3.1). We then calculated the frequency of closed
waterbodies by region and compared them to the number of harvested waters.

The population size for each region was roughly estimated using data reported in the
United States Census Bureau (Cubit Planning, Inc. 2015) to investigate if human population size
corresponded to trends in permit issuance. The pattern of sucker permits issued from 2006 to
2016 was also compared to Maine lobster fishery landings to infer if fishery trends were

consistent over time (State of Maine Department of Resources 2015 report).

Results
The number of permits issued from 2006 to 2016 fluctuated between years (Figure 3.2).
In 2006 to 2010 an increase in permits occurred during even years (2006, 2008, and 2010) which
were then followed by declines (by almost 50%) in odd years. During the transition of 2-
harvesters to 3-harvesters per crew permit in 2014, the number of crew permits stayed relatively
consistent (range 20 to 33-permits); (Figure 3.2A). As expected, this increased the number of
harvesters operating in the State. The greatest number of harvesters was in 2010 (n = 172) and

this later declined the following year (n = 83); (Figure 3.2B).
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Figure 3.2: Commercial sucker harvest permits issued by MDIFW from 2006 to 2016. Panel A is
the type of permit issued (gray bars refer to crew permits, black refer to individual permits), and

panel B is the total number of white sucker harvesters in Maine based on MDIFW permits.

Region B contained the most permitted waters issued from 2012 to 2016 with 529-
permits (2006 to 2016 = 1068-permits); (Table 3.2; Figure 3.3). Region D was ranked the second

highest with 327-permits for the 5-year query (2006 to 2016 = 602-permits) followed by Region
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E (5-year query = 163-permits, 2006 to 2016 = 363-permits). Region G with the fewest permits

(5-year query = 3-permits, 2006 to 2016 = 18).

Table 3.2. Summary of waterbody data from 2012 to 2016 for the commercial sucker fishery in
Maine. Region refers to biological regions managed by MDIFW, Closed refers to sites closed to
sucker harvest, Harvested refers to the number of sites suckers were harvested, and Permits
refers to the number of permitted waterbodies issued for the region from 2012 to 2016. The value

in parentheses represents the total from 2006 to 2016.

Lakes Rivers
Region Closed Harvested Permits Closed Harvested Permits
A 68 (68) 5(6) 55 (120) 7(7) 3(5) 42 (110)
B 11 (11) 32 (35) 357 (707) 6 (6) 14 (14) 172 (361)
C 25 (25) 11 (11) 156 (244) 6 (6) 0(0) 0(0)
D 27 (27) 12 (15) 103 (266) 3(3) 13 (13) 224 (336)
E 13 (13) 11 (11) 132 (253) 6 (6) 5(6) 31 (110)
F 22 (22) 3(3) 20 (34) 4 (4) 3(3) 17 (43)
G 22 (22) 1(2) 3(18) 2(2) 0 (0) 0(0)
TOTAL 153 (153) 75 (82) 826 (1642) 19 (19) 38 (41) 489 (960)
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Figure 3.3. Frequency of white sucker permits issued from 2012 to 2016 by region. Gray

represents rivers, white represents lakes, and black represents bodies of water closed to harvest.

The waterbody that was listed most on commercial sucker permits for the 5-year query
was Sandy River (which may be noteworthy because this river is used for experimental Atlantic
salmon Salmo salar restoration techniques) and tributaries from Sandy River Plantation to

Norridgewock in Somerset County from Region D (Table 3.3, n = 59-permits). Region B had
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the highest number of waters with “moderate” to “high” levels of harvest (n = 16) while Region
D was the second ranked (n = 12). Region F and G did not have any waters with “moderate” or

“high” levels of harvest (Table 3.3).

Table 3.3. List of the most harvested sites (= 8 permits) in Maine from 2012 to 2016, separated
by biological region. All bodies of water included tributaries. Sites are ranked based on the
number of permits issued (1 = the most permits issued, 20 = the least). R refers to the State rank,
F refers to the frequency of permits issued in the last 5 years (2012-2016), and T refers to the
total number of permits issued from 2006 to 2016. Bolded sites have = 10 permits which include

“moderate” to “high” levels of harvest.

Region A Name County R F T
Androscoggin River Androscoggin/Franklin 10 19 39
Indian Pond Oxford 12 16 19
Moose Pond Somerset 19 9 28
Nezinscot River Androscoggin/Oxford 19 9 29

Region B Name County R F T
Sebasticook Lake Penobscot 2 51 99
Unity Pond Waldo 6 29 62
Saint George Lake Waldo/Knox (Liberty-Warren) 7 26 42
Sebasticook River Waldo 9 21 38
Carlton Bog Waldo 12 16 18
Kennebec River Kennebec/Somerset (Skowhegan-Fairfield) 12 16 24
Megunticoook Lake Waldo 13 15 26
Androscoggin Lake Kennebec 14 14 29
Swan Lake Waldo 15 13 26
Chickawaukie Pond Knox 17 11 14
Crawford Pond Knox 17 11 17
China Lake Kennebec 18 10 33
Kennebec River Kennebec/Somerset 18 10 14
Seven Tree Pond Knox 18 10 17
Smith Pond Waldo 18 10 11
South Pond Knox 18 10 11
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Table 3.3 continued.

Region C

Region D

Region E

Etna Pond Penobscot 19 9 17
North Pond Kennebec 19 9 20
Pocasset Lake Kennebec 19 9 16
Annabessacook Lake Kennebec 20 8 16
Marsh Stream Waldo 20 8 11
Norton Pond Waldo 20 8 10
Pleasant Lake Penobscot 20 8 20
Plymouth Pond Penobscot 20 8 25

Name County R F T
Graham Lake Hancock 3 49 65
Molasses Pond Hancock 9 21 25
Myrick Pond Hancock 11 17 17
Georges Pond Hancock 13 15 16
Webb Pond Hancock 16 12 16
Crawford Lake Knox 17 11 20
Leonard lake Hancock 18 10 13
Scammon Pond Hancock 18 10 10
Beech Hill Pond Hancock 19 9 13

Name County R F T
Sandy River Franklin 1 59 80
South Branch Dead River  Franklin 4 40 44
North Branch Dead River  Franklin 5 31 35
Nash Stream Franklin 10 19 22
Stratton Brook Franklin 11 17 21
Moose Pond (Great) Somerset 14 14 16
Gilman Pond Somerset 16 12 22
Flagstaff Lake Somerset 17 11 31
Kennebec River Somerset 18 10 15
Kennebec River Somerset (Madison-Solon) 18 10 16
Muddy Brook Franklin 18 10 10
Wyman Lake Somerset 18 10 22
Carrabassett River Franklin/Somerset 20 8 10

Name County R F T
Wilson Pond Piscataquis 23 35
Moosehead Lake Piscataquis 21 49
Brassua Lake Somerset 16 12 30
Mainstream Pond Somerset 17 11 11
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Table 3.3 continued.

Pemadumcook Chain Piscataquis 18 10 13

Black Stream Piscataquis 19 9 10

Chesuncook Lake Piscataquis 20 8 27

Region F Name County R F T
N/A

Region G Name County R F T
N/A

Two of the harvested lakes surveyed in Chapter 1 were within the top 103-ranked
waterbodies for the analysis. Graham Lake was the third ranked (49-permits) and Unity Pond
was sixth (with 29-permits). Millinocket Lake had less than 8-permits issued over the 5-year
query (2012 to 2016 = 6-permits, 2006 to 2016 = 11-permits) and was not listed in Table 3.3.
With this information we conclude that Graham Lake and Unity Pond had “high” levels of
harvest pressure (= 40 permits) and Millinocket had “low” levels (9 = permits). Waterbodies not
included in Table 3.3 (n = 554) were considered “low” levels of harvest (9 > permits). Unity
Pond had the highest estimated annual mortality (A = 67.1%) of the 3-harvested lakes in Chapter
1 yet was ranked number six in the number of permits issued over the last 5-years. Graham Lake
was ranked number three and yet had a lower annual mortality than Unity Pond (A = 45.2%),
while Millinocket was not ranked due to low numbers of permits, however still had a 35.5%
estimated mortality.

The number of waters closed for each region in the 5-year query did not change from the
total number of waters closed from 2006 to 2016 (Table 3.2). Region A had the highest number
of closures (n = 75) while Region B had the lowest number of closures (n = 17). Region G had

more closures than waters harvested.
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The number of permits issued in each region was also compared to the human population
size throughout the State, and as expected each region varied. Region A had the largest
population estimate (N ~ 501,379) followed by Region B (N ~ 268,108), Region F (N ~
155,692), Region D (N ~ 87,193), Region C (N ~ 86,284), and Region G (N ~ 68,628). The
lowest population estimate was Region E at approximately 42,488-individuals.

The number of lobster landings in Maine began increasing in 2007 (Figure 3.4; 2007 = 64
million pounds, 2013 = 128 million pounds), as did sucker permits. In 2014 to 2015 those

landings decreased by 3-million pounds.
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Figure 3.4. Total lobster landings (State of Maine Department of Marine Resources 2015 report)
and sucker permits issued in Maine from 1997 to 2016. Dark symbols represent the total number

of lobster permits, light symbols represent the total number of sucker permits.
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Discussion

The commercial sucker fishery is relatively limited (i.e. 174-harvesters in 2006)
compared to other fisheries (i.e. the lobster industry with 7,034-harvesters in 2006) in Maine.
Lakes appear to be targeted more often than rivers by sucker harvesters (with the exception of
Region D); (Figure 3.3). This may be due to more accessible and shallow streams for spawning
in lake systems as opposed to rivers. It might also be important to note that river harvesting is
somewhat different from lake harvesting in terms of how we define a waterbody and a
population. Multiple stocks of White Suckers could be captured in river harvesting which might
connect to adjoining ponds. This adds a complication for management when monitoring
populations.

Commercial sucker harvesting was centered in areas with lower human populations. We
expected the three coastal regions (A, B, and C) to have high numbers of issued sucker permits
(Figure 3.1) due to their proximity to lobstering communities, however this was only the case
with Region B. It was ranked number one (1 = highest number of permits) in the State which
could be due to a high number of lobster harvesters in nearby zones, however this information
was not available from the State of Maine Department of Marine Resources. The two regions
above B were ranked two (Region D) and three (Region E) and we are unsure of the reasoning
behind this (Table 3.2; Figure 3.3). It could be due to the need for economic development in low
population density regions (i.e. more populated regions have different opportunities for
employment whereas low population density areas tend to be associated with natural resource
extraction). Region D was the third highest ranked region for number of permits issued, yet it has
the lowest human population size in the State. In contrast, region A was ranked at number five (7

= the lowest number of permits), yet has the highest human population estimate. Due to this,
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there the data suggests an inverse relation between human population density and commercial
sucker permits. High harvest may change where fishing occurs in the future, and monitoring
these fluctuations may be important for management of the species.

When we ranked waters with nine or more permits, we found that Unity Pond and
Graham Lake (from Chapter 1) were considered waters with “high” harvest. Graham Lake had
more permits than Unity Pond, however Unity Pond had a higher annual mortality estimate
(Graham Lake = 45.2% and Unity Pond = 67.1%). A difference in mortality rates could be due to
Graham Lake area being 3-times larger than Unity Pond which could be supporting a larger
population of White Suckers that are able to handle a higher total harvest than lakes with smaller
total populations. Millinocket Lake had “low” levels of harvest, however its annual mortality
estimate was 12.4% greater than its reference lake (Chapter 1). A “low” number of harvesters
appear to have a significant impact on the age-structure in Millinocket Lake, but due to the lack
of information on biomass harvested from each lake we can only speculate on the impact
harvesters are having on targeted waterbodies. More information on gear and effort would be
useful in assessing the levels of “high” and “moderate” harvest in Maine.

The number of water closures in Maine was variable among regions. Region A had more
than double the number of closures compared to the rest of the State and this could account for
the low number of permits issued in the region. In contrast, Region B had the lowest number of
closures, which might explain why it had the highest number of permits issued. There are a
number of reasons why waters are closed in each region (i.e. protect habitat, sucker populations,
recreationally important fish; Merry Gallagher MDIFW pers. comm. 2016) and this affected the

areas harvesters select, not surprisingly.
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Lobster landings and sucker permits in subsequent years have increased which could be
the result of resumed macroeconomic growth since the 2008 financial collapse (Figure 3.4).
Sucker harvesting could be increasing in popularity as lobster landings increase, however more
information would have to be collected on the sociological (i.e. explanation of harvester
behavior) and economic (i.e. detailed market data) trends for both fisheries to provide better
inference. We were unable to consider this information in the context of alewife landings

because those data were not available.

Management implications: This study was a first attempt at understanding sucker harvester
traffic in the State of Maine and provides a spatial description of areas that might need future
monitoring to aid in management of the commercial sucker fishery. Possible areas for
improvement to aid in management might include 1) a central database for harvesting
information, and 2) requiring more information from sucker harvesters. Development of a
centralized database that can be accessed by each biological region might provide faster
management updates. It could also allow managers to query harvest information on a quicker
time scale. Additional information on where traps are set at each waterbody could help managers
assess harvester overlap (i.e. reporting “Kennebec River” does not provide sufficient information
on where a harvester sets traps based on the size of the river). Requiring harvesters to report the
type and number of traps used, effort, and catch totals per site could also help managers track
white sucker population shifts to aid in decision making for harvest regulation (Chapter 2). This
type of reporting is implemented in other commercial fisheries in Maine (managed by MDIFW).
Commercial American eel Anguilla rostrata harvesters are required to send a Delorme atlas

photocopy of where gear is set and report monthly catch totals (Maine Department of Inland

78



Fisheries and Wildlife 2016). Rainbow smelt Osmerus mordax dealers are also required to report
catch totals (yearly reports) and specify gear used at each waterbody (Maine Department of
Inland Fisheries and Wildlife 2016).

The list of hotspots per biological region created in this study was provided to inform
managers with specific locations where monitoring efforts could be focused during the next
harvest season (Table 3.3). With harvest effort unknown, monitoring areas with “high” and
“moderate” levels of harvest could provide management with a better understanding of
exploitation and its consequences for harvest sustainability. As more information is collected on
the effort of harvesters per lake a potential limit for the number of harvesters could be estimated
per waterbody acre. Local harvest quotas might also develop once management builds on their
knowledge of the amount of white sucker biomass removed from targeted lakes. A lottery system
could be developed for areas fished that cycles through harvesters in the event a catch cap were

ever established.
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APPENDIX A

SIZE RANGE OF WHITE SUCKERS FROM SAMPLED LAKES IN MAINE

Table A.1. Size range (fork length-mm) for each age-class harvested from Maine lakes in 2014.

Cold

Age Sizerange Chemo Unity Stream Millinocket Pushaw  Graham
1 87-170 87-170 - - - 98-101 -
2 89-325 89-221  317-325 - - 132-198  206-268
3 136-374  136-312  246-374 - 217-280 142-287  190-328
4 214-395  225-392  278-395 - 224-368 252-354  214-370
5 229-408  309-397  303-408 395 229-390 250-391  235-394
6 224-448  336-419  356-417 - 295-376 311-445  224-448
7 305-456  418-434  344-398 366-456 319-379 305-403  331-389
8 225-463  411-453 379 360-463 348-423 344-407  339-402
9 345-470  385-450 410 410-470 374-404 372-427  345-386
10 321-477  407-470 - 416-477 - 321-447  372-402
11 375-492 462 - 375-492 387-432 389-427  381-407
12 366-511 458 - 366-511 387-425 422-457 410
13 387-497 - - 437-497 387-430 - -
14 385-500 - - 421-480 385-390 394-500 -
15 418-521 454 - 454-521 418 422-504 -
16 316-517 - - 429-517 316 431-477 -
17 428-490 - - 434-487 - 428-490 -
18 434-525 - - 468-525 - 434-506 -
19 471-514 - - 471-514 - - -
20 466-520 - - 466-520 - - -
21 463-505 - - 463-505 - - -
22 447-505 - - 462-505 - 447 -
23 464 - - 464-517 - - -
24 AT7 - - 477 - - -
25 490 - - - - - -
26 490 - - 490 - - -
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APPENDIX B

CROSS-SECTION OF WHITE SUCKER LAPILLUS

Figure B.1. Photograph of a transverse section of a white sucker otolith (14 annuli) under
transmitted light. Fish were caught in early spring (prior to the start of growing season) which

allows for the outer edge of the otolith to be included in the age estimation.
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APPENDIX C
AGE ESTIMATES OF WHITE SUCKERS FROM SAMPLED LAKES IN MAINE
Table C.1. Age frequency distribution of White Suckers harvested in Maine. Ages were

estimated using otolith cross-sections.

Lake
Cold
Age Unity Chemo Millinocket Stream  Graham  Pushaw

1 - 4 - - - 2
2 2 28 - - 2 4
3 65 46 4 - 21 9
4 131 9 24 - 19 16
5 68 9 42 1 28 26
6 9 8 18 - 31 21
7 3 3 11 4 8 21
8 1 16 6 3 10 10
9 1 8 2 6 3 6
10 - 7 - 14 5 9
11 - 1 4 12 2 5
12 - 1 3 20 1 4
13 - - 2 6 - -
14 - 2 4 - 11
15 - 1 1 7 - 14
16 - - 1 12 - 8
17 - - - 4 - 2
18 - - - 8 - 3
19 - - - 6 - -
20 - - - 5 - -
21 - - - 5 - -
22 - - - 4 - 1
23 - - - 2 - -
24 - - - 1 - -
25 - - - - - -
26 - - - 2 - -

88



APPENDIX D

2017 WHITE SUCKER REPORT LOG
Figure D.1. A suggested commercial sucker report log for harvesters to fill out for the 2017
spring harvest season. MDIFW will be requiring harvesters to report catch in spring 2017. This
draft was created by request of Merry Gallagher at MDIFW to aid in the development of the
report log. The Instruction form provides harvesters with details on the proper way to fill out the

form.

Maine Department of Inland Fisheries and Wildlife
Commercial Sucker Harvester Report Log

Last Name: First Name:
Permit #: Phone #: Year:
Harvest Location: (Circle the site description you are including)
Coordinates Map Detailed
If Detailed, provide description below: (refer to Instructions for more details)
Include county, town, name of water, and where trap is in relation to the road
Gear
# of Pounds .
Date Cioe —— Set Time Total in (Suckers Only) Other Species
(hrs) Water
SIGNATURE:

Send forms to: Cristina Stade, Department of Inland Fisheries and Wildlife, 41 SHS, Augusta, ME 04333-0041
or email to Cristina. Stade@maine.gov

If you have questions, please call 287-5263
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Figure D.1 continued.

Maine Department of Inland Fisheries and Wildlife
Commercial Sucker Harvest Report Log
A. Header Information:

« Last Name: Print harvester last name legibly as it appears on your permit.

* First Name: Print harvester first name legibly as it appears on your permit.

» Permit #: Found in the upper right hand corner of your license.

» Phone #: Enter a phone number where you may be reached if the form has not been filled out
correctly.

* Year: Enter year of harvest.

» Harvest Location: Forms are site specific. If you set traps at different locations in one
waterbody, you need to fill out a separate form for EACH site. A description of the site
where traps were set needs to be included in the form of 1) GPS coordinates, 2) a map
with drawn location of where suckers were pulled from gear, or 3) a written detailed
description.

Detailed Descriptions: Needs to include name of water (lake, river, pond, or stream

name where suckers were harvested), town and county you were in when suckers were

pulled from gear, and a detailed description of where traps were set in relation to a road.
Example: Pushaw Lake, Glenburn (Penobscot County), on Pushaw Road at the
stream just after Vista Way.

B. Positive Report Information: If you did attempt to harvest suckers, fill out the following.
Note: Do not fill out data for days you are only setting out gear; only record the days
when you actively fished, even if you did not catch anything.

* Date: Enter the harvest day

* # of Crew: Number of people including the captain. If you harvested with another licensed
person who is also reporting catch, put your individual catches and efforts on
separate forms. When you split your catches, put the crew as 1.

» Gear Type: Enter the code for the type of gear used.

* Set Time (hrs): Enter the average hours of soak time for gear hauled.

* Total in Water: Enter the total number of gear you had in the water on that day (including
different gear types). If you are using a variety of gear types indicate that by writing
“\/” after your total number.

 Pounds (Suckers Only): Enter the estimated pounds of suckers in its landed condition.

 Other Species: Name of species other than suckers that were caught in gear.

C. Signature: Sign.
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Figure D.1 continued.

Gear Type Codes
NET Trap net with minimum 3/4 inch stretch mesh. This includes hoop nets and self-
designed nets.
POT Box-like rigid trap with minimum of 3/8 inch bar. This includes modified lobster
pots.
DIP Catching by hand with dip net.
SPEAR Hand spearing.
Gear that does not meet the above descriptions. You will need to provide a
OTHER o
description of your gear somewhere on the report log.

Reports are due on a monthly basis by the 10™ of the following month.
Submit reports to Cristina Stade, Department of Inland Fisheries and Wildlife,
41 SHS Augusta, Maine 04333-0041
or emailed to Cristina.Stade@maine.gov

91




BIOGRAPHY OF THE AUTHOR

Meg Begley was born in Bethesda, Maryland on March 25, 1987. She grew up in a
number of states through the U.S. and harbored the secret ambition of becoming a Jim Henson’s
Muppeteer when she graduated from Easton Area High School in 2005. When she realized her
puppeteer ambitions would not come to fruition, she went to the University of Maine at Machias
and graduated in 2009 with a Bachelor of Science in marine biology. From Maine she traveled to
the Bering Sea to observe in the groundfish fishery where she became intimately knowledgeable
of how a body reacts when it cannot adjust to life-at-sea. She soon discovered that she had a
knack for teaching and traveled throughout the U.S. (Florida, Texas, Delaware, and Maine)
working for a number of outdoor education facilities. She worked a variety of research and
education positions until she accepted a graduate position at the University of Maine in 2014.
Meg is a candidate for the Master of Science degree in Wildlife Ecology from the University of

Maine in December 2016.

92



