Two hundred yearsof ecosystemand food web changesin the Quoddy Region outer Bay of Fundy

2.3. Changesin marine fish populatio ns

“Nowhere else in the world (this may be questioned) are there waters to compare with those of
Passamaquady Bayand vicinity, where suchvastquantities of locally grown fish are taken yearly from
a small area.” (Huntsman1953b)

Ca.1672-"[...] it wasrealized that every creek and cove wasjust asabundantly stocked with cod asthe
“Grand Bank” itself.” (Cowie 1912)

Ca.1760 —"“[...] the Jrsey merchants discouraged the catching and curing of anykind of fish but cod,
[...]" (Cowie 1912)

1912 —"[...] aggregate value of the fisheries of the east coast hasgood till for aquarter of acentury, [...]
“ (Cowie1912)

1912 —“[...] not for the purpose of indicating any need for conserving or nursing our eastern sea-fishery
resources- because | do not think any such need exists, except in the case of our shadand shellfisheres
— but [...] for the great need for stimulating our fishing population to make much more of the great
resourcedying so readilyto their hands.” (Cowie 1912)

1912 —“With the increasing application of modern methods|[e.g.steamtrawling since1908], arisesthe
guestion: Will the vauntedabundanceof fishin Canalian watersremain unaffected? (Cowie 1912)

“In the early 1970’s, herring stocks were in severe decline.” (Trippel 1999)

“In 1992-1993, most of Atlantic Canada’sgroundfishfisherieswere closed.” (Trippel 1999)

2.3.1. General descriptio n of the fish fauna

The fish faunaof the Quoddy Regionhasbeen describedas faunigicaly sparse, typical for the
Northweg Atlantic (Scott 1983). Classifiedas“boreal,” the harshenvironmentof the Bayof Fundyand
Gulf of Maine environment does not favour gpecies diverdfication (Scott 1983). Together, cold arctic
watercomingfrom the Labradorcurrent, freshwaterdischargesrom manyrivers,hightides, highmixing
and upwelling create unstable conditions

Due to the same environmental conditions, however, successfully adapted species show
extremely high biological productivity and have made Canadian Atlantic watersone of the world’srichest
fishinggroundsfor more than 200 years(Scott1983). The Quoddy Regionin particularsupportedavery
rich fishery for herring, several groundfish species and invertebrates Today, many of the once highly
abundant fish are liged asendangered, vulnerable or of concern (Table 2.3.1).

Within the Quoddy Region,here arefive distinctfishasemblagedound during the summer: (1)
estuarine,(2) beach / inghore, (3) offshore, hard-bottom, (4) offshore, soft-bottom, and (5) migratory-
pelagic assemblagef-ig.2.3.1, Macdonaldetal. 1984). In the winter, many speciesor age groupsmove
seaward towardsdeeper areas and return the following spring.

The egtuarine fish assemblage consstsmainly of anadromousspecieqgaspereausmelt,tomcod,
gticklebacks) which scarcely pass out of the area (Huntsman 1922), aswell asAmericaneel, silverside,
mummichog, smooth flounder and juvenile herring (Macdonald et al. 1984).
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Table 2.3.1. Seciesliged under theworldwide [IUCNredlist (International Union for the Consenation of Nature)or under
the U.S Endangered S$ecies Act (E5A). Data from http://www.fishbase.org, Jury et al. 1994.

Soecies Satus Ligt
Atlantic hdibut Endangered IUCN
Atlantic sturgeon Endangered ESA
Shortnose sturgeon Endangered ESA
Atlantic saimon Endangered ESA
Americanshad Fecial concern ESA
Striped bass Fecial concern ESA
Haddock Vulnerable IUCN
Atlantic cod Vulnerable IUCN
Yellowtail flounder Vulnerable IUCN
Porbeagle shark Concerned IUCN
Blue shark Concerned IUCN
Dodfish Data deficient IUCN, but ligted as vulnerable to overfishing because of late

maturity, low reproductive capacity and longevity

The beach or shore
assemblage condss of gmall
species such as mummichog,
dlversde, tomcod, rock gunnel
and three-spined stickleba.
This habitat is also a very
important nursery area for
juvenilesof several commercially-
valued spedes such as pollock,
cod, white hake,winter flounder,
and herring.

Offshore, hard-bottom
assemblagesvithin the Quoddy
Region condst mainly of juvenile
and adult cod, pollock, haddock,
and Winter flounder, as well as
adult herring, skates dogfish,
hakes, Ocean pout, Longhorn
sculpin and Fourbeard rockling
(Macdonald et al. 1984). In
contrast, offshore ft bottom
assemblagesare dominated by
flatfish (plaice, Winter flounder),
Silver hake and Ocean pout as
well as herring.

Species from offshore
assemblagedominate the mouth
of Passamaguoddy Bay and the
area towards Grand Manan and
The Wolves. Here, many
commercially important
groundfish are or were highly
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Fig. 2.3.1. Fsh asemblages found in the Passamaquoddy area and their
seasonathanges(from Macdondd et al. 1984). Station A is an offshore,
hard-bottom site within Passamaquoddy Bay, Sation B is an offshore, hard-
bottom site outside of Passamaquoddy Bay, Sation C is an offshore, soft-
bottom dte within Passamaguoddy Bay.
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abundant. Large numbers of herring and pollock occur around the Grand Manan - Wes Ides- The
Wolvesarchipelagos Mos of these species spawn in the Gulf of Maine or on the ScotianShelfduring
winter, andtheir larvaemigratebackto their nurseryand juvenile feeding groundsin the Quoddy Region
(Huntsman 1922, 1953b, Tibbo et al. 1959, Seele 1963, Scott 1983, Percy et al. 1996).

Long-range migrations are also the pattern for anadromous specieslike salmon and shad, aswell
asthe pelagic mackerel. Large pelagic predatorssuch asswordfish, tuna and sharksareirregularvistors
in the Bay of Fundy (Hunstman1922, Scott1983, Juryet al. 1994). Bluefintuna, rarelyseenin the past,
beganto appear in higher numbersin the Bay of Fundy in the early 1990s, althoughtheir numbershave
recently dropped again;baskingsharksare seenmore often now (L. Murison, personal communication).

2.3.2. History of the sea fishery

Archaeologicalemainsshow that Native people in the Quoddy Region have been fishing for large
cod, haddock, pollock, herringand Longhorn sculpin for thousands of years (see Chapter 1.1). While
large cod were the predominant speciesidentified from bone remainsalong the coastof Maine (80
percent) (Steneck 1997), the Passsmaquoddy people likely had a more diverse diet.

Thefirg Europeanswere almog exclusively interested in cod. European fisherscrossed the Atlantic
in the early1600sto fishfor cod on the banksduring summer(Table2.3.2). Oncethey discovered not
only offshore but also inshore cod washighly abundantin everycreek and cove, permanentsettlements
were edablished (Perley 1852).

It wasnot until the 1800sthatthe marine fishery alongthe Quoddy Region coagtline and itsidands
expandedto other speciesut ashaddock, halibut, hake, pollock, herringand mackerel(Perley 1852).
Mog fishingwasdone with hook and line in the vicinity of the coast and settlements. In Passamaquoddy
Bay, cod and haddockwere fished. A rich fisheryfor pollock wasexecutedin the big eddy nearIndian
Idand, Head Harbour Passage (Perley 1982). Large herring were caught mainly around Grand Manan,
while small herring (britt, stringers) concentrated around L'Hete Passage and along the coast towards
Blacks Harbour. A famousmackerelfisheryoccurred throughout Bay of Fundyin 1835-1850 (Battle
1931).

As early as1826-1850, the first signsof over-exploitation becameapparent. Decreases in the
average sizeof pollock and herring, the disappearance of mackerel, and a severedecline in cod, hake,
and haddock catcheswere observed(Perley1852). The fishermenthemselvesnere concernedabout
dedructivefishing practiceson the pawning grounds, overexploitation and dumping of fishoffalinto
the ocean (Table 2.3.2.)

Degite these concerns,new fishingand marketing practiceswere developedduringthe second
half of the 19" century, leadingto an increase in economic value and importance of the fishery. Starting
in the 1850s fish processng plants were built in Maine and later in the Passamaquoddy area. An
intendve ‘sardine’ (1-2 year old herring) fishery qarted with the introduction of the canningindusry, first
on the US side at Eastport(1875), and later on the New Brunswicksde (seeChapter4). Asthe fishery
for largeherring declined after its peak in 1880 to ailmost zero in 1920, followed by a decline of the
fisheryfor medium-sized2-3 year old ‘stringers’ the fisheryfor sardinesncreasedmarkedly (Fig.2.3.2,
Hunstman 1953a). In 1912, Cowie noted: “A very important sardine fishery is carried on in
Passamaquady bay, New Brunswick, and the waters around the idands of Grand Manan and the West
Islesat the mouth of the bay of Fundy. It is the only one of its kind in Canada.”

Meanwhile, the groundfisheffort increasedwith fishing extending towards the offshore banksin
1873. The economic advantageof thesenew developmentsin the groundfish and herring fisheries,
however, wasof shortduration, and from 1885 to 1912 there was no increase in the aggregatevalue
of the fishery (Cowie 1912).
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In 1912, fisheriesmanagerstitedtherewasno need for nurangor conservingthe fishery; indead,
theydeterminedthe needwasto simulate the indugtry in order to increase fishing efforts (Cowie 1912).
Once again, a new generation of fishingand marketingpracticesresultedin an increasein fishingeffort
and catches. Seam trawling was introduced in 1908, not without raisng consderable concern within
fishingcommunities for the degruction of fish habitat and fish gocks. Fisheriesnanagersconsidered
theseconcernsto be driven by fishermen’sfear of losingtheir traditional fishey methodsand markets
(bnes1912).
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Over subsequent decades, trawlersincreased in 9ze, power and robusness, and thusin their
ability to damageto benthic habitats(Steneck1997, Percy2000a). Add to this the shit from salt-to
fresh-fish trade with on-board refrigeration capabilities,and trawlersbecameextremelyefficient fishing
tools (Steneck1997). Although variable, total groundfish landingswere very high until a period of low
landingsduring World War 1l (Fg. 2.3.3). Highes catchesin this period were of pollock and hake (Fg.
2.3.4Q). In the 1950-60s groundfish landingsdistinctly increasedagain. In the 1950s, catcheswere
mainly of hake and pollock, and to a lesser extent flounders In the 1960s, catches of hake were low,
but increased for cod and haddock, flounder and catfish (Fig. 2.3.4).

In the early 1970s landings of all groundfish declined sharply (Fg. 2.3.3, 2.3.4). Although the
extensionof coastalfisheriesjurisdiction to 200 milesin 1977 resulted in a short period of recovery of
groundfish stocks (Seneck 1997, Trippel 1999), the overall decline couldn’t be sopped (FHg. 2.3.3).
About 20 years later, the groundfishery was closed or dragtically reduced throughout mosgt of Atlantic
Canada (Table 2.3.2).

2000
{a) Principal Groundfish — Atlantic cod
| Haddock
Ay Pollock
| | — Hakes
4000
2000 4
w
= 1]
£ a0
55 {h) Flatfish Halitnat
-y Plaice
T Wiitch flounder
E 200 — Vellowtail £l
S YWinter fl.
':u 150 — Unspecified 1.
" 100 -
=+
= a0
=
L
5000 1 {c) Other groundfish —_— rusk
7] Catfish
3000 7 Monkish
ates
1000 — Do gSh
0 ] Redfish
= M
0 T T T

1920 1920 1940 1930 1940 1970 1930 1990 2000

Fg. 2.3.4 a-c. Annual catch of (a) principal groundfish, (b) flatfish, and
(c) other groundfish by gpeciesin Charlotte County (FSD 50-53).
Data from Statistics Canada, Fisheries Satigtics.
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In the early 1900s, catch data show that regular landingsof smelt declined in the 1940s and
stoppedthereafter (Fg. 2.3.5a). In the case of the herring fishery, the sardine industry peaked in the
1950s-60s. Herring landings increased steeply in the 1960s, primarily to feed the fish meal indudtry,
but dropped thereafter (Fg. 2.3.5b). In the 1970s, the herringfishrywasredireded towardsa human
food resource,resultingin greatlyincreasedprices (lles 1979), but the high catches of the 1960scould
not be maintained. They declined towards the 1980s and have remained more or less at that level
thereafter(Fig. 2.3.5b). While averageherringlandingsin Charlotte County between 1920-1958 made
up 78 percent of the total Bay of Fundy catch (McKenzie & Tibbo 1960), thisdeclined towardsonly 47
percent in the 1970s (Iles1979).

Groundfish landingsin CharlotteCountydeclinedgteadily from 21 percent of the total Fundycatch
in 1968, to 10 percentin the 1970s, until it reached3 percentin 1978 (Kohler1979). Therewasno
higoric fishery for large pelagic gecies, but there were short periods of tuna catchesin the 1950s, late
1970sand 1990s(Fg. 2.3.5¢); inthe 1990ssharkswere also caught. Catchesof largepelagicshavebeen
low except for very high tunalandings in the late 1970s (Fig. 2.3.5c¢).

e & lewrife
sl {a) Anadromous fish
— 500
— 400
— 300
— 200
— 100
— 0
i [ ———pe [— Mackerd]
= LETTINg | P . | cloer
= (h)-Exncipalpelig Fig. 2.3.5 Annual catch of
=2 1.2e+5 2000 (a) anadromous fish,
g L 1500 (b) principal pelagics, and
é» & Oetd - _(c) other pelagics by species
E N 5059) Datat
= . -53). Data from
Tl [ - 500 Satistics Canada,
= Fsheries Satigtics.
= 0.0e+d T e e T T T a
E —— Sharks
Tunas {c) Other pelagics '\
4000
2000 ] \
100 =
10
0 T T T |M T T I T

1920 1930 1940 1950 1960 1970 1950 1990 2000

Lotze and Milewski 36 Conservation Council of NB



Two hundred yearsof ecosystemand food web changesin the Quoddy Region outer Bay of Fundy

Usdng fish landings data in order to infer trends in abundance has several inherent problems
Catchesvaryaccordingto fish abundancein the area,fishingeffort and marketvalue. Fishabundance
in a geographic area varies with the productivity of the fish population, and with shiftsin gatial
digribution due to suchfactorsaschangingenvironmentalconditions(e.g.migrationwith temperature,
predation patterns food supply, Smith 1994). Thus,catch data are unlikely to mirror fish abundance
or productivity accurately and have to be analyzed with caution.

A further complicationisthat fishlandedin a specific fishing digtrict may not have been caught in
thatdidrict. Havingnoted this, however, the main fishing groundsfor herring (Fg. 2.3.6) and groundfish
(Fig.2.3.7) are within the four Fishery Satidical Didricts (FSD) of the Quoddy Region,namely Grand
Manan (FSD 50), West Ides(Campobello, Deer Idand, FSD 51), Passamaquoddy Bay (FSD 52), and the
main coasttowardsPoint Lepreau(FSD53) (Hg. 2.3.8, Martin 1960, Wilder et al. 1974). Didribution
of herring weir landingsbetween1927-1932(Fig.2.3.9), 1947 (Fig.2.3.10), and activeweir sitesduring
1973-79 (Fig.2.3.11) indicate that the approacheso Head Harbour and L'Etete Passage were the most
productive herring areas.
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Fig. 2.3.6. Princpal fishing areasfor herring and weir distributionsin the Bay of Fundy (from Wilder et
al. 1974).
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FHg. 2.3.10. Didribution of herring landingsin 1947 (from
Mackenzie & Tibbo 1960).

Hg. 2.3.11. Distribution of active weirs between 1973-1979
(from Ides 1979).

FHg. 2.3.9. Digtribution of sardine purchases or offers
in 1927, 1929 and 1932 (from Graham 1936).
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Snce the 1970s, a consgent monitoring program has been carried out by DFO for the annual
estimationof summerdistrbution and abundanceof fish on the Scotian Shelf and in the Bay of Fundy
(8mon & Comeau 1994). Everyyear, 2-3 standardizedtows are performed randomly in each survey
strata. The two drata 492 and 493 roughly represent the southwestern Bay of Fundy (Smon & Comeau
1994). The resultsindicate that principal groundfish such as cod, haddock and pollock did not show
any signof recoveryover the lastthree decades. Hake, which hasincreasedin abundancesince 1980
(Fg. 2.3.124), isthe exception. Asmentioned above, catchesof hake diginctly declined in the 1950s
and remainedlow until the 1970s(Fig.2.3.4a). Thismayindicate that hake needed 25 yearsheforethe
fird dgns of recovery could be detected.

Whereasthe population levels of many traditional target species declined and remained low,
non-commercial species such as Siny dogfish and Longhorn sculpin increased in abundance (Hg.
2.3.12c¢, d). Released from competition for food or habitat, these species may have benefited from the
dramatic changes in groundfish gocks. In the more open water of the Gulf of Maine, kates also
increasedin abundance (Steneck 1997). Catches of flatfish were highly variableduring the lastcentury
without any clear trend (Fg. 2.3.4b), while abundancesurveysover the lastthree decadesshowrather
stable numbers(Fg. 2.3.12b).

Abundancesurveydata on pelagicfish show no cleartrends (Fig.2.3.13), but higher numbers
of gaspereadn the 1980srelateto higherreturnsof gaspereauo the St.Croix River after the indallation
o f effective fishwaysin 1980 (Chapter 1.2).

In summary thereisno doubtthat fish communitieshavebeen sverelyalteredand dominance
patternshave shifted in regponse to fishing pressure over the past two hundred years These trends
observedin the Quoddy Regionare similarto those describedfor the wider Gulf of Maine and other
Northweda Atlantic regions(Steneck 1997). It isinteresting to note that such large-scale trendsin the
inshore and offshore fisheries are so closely mirrored within a sngle sub-region such asthe Quoddy
Region.

These trends mirror the continual evolution of fishingeffort and technologyover the past150
yearsin order to increase yieldsand economic value, marked by specific yearswhen dramatic changes
in fish processingor fish harvesttechnologieswere introduced. Increasedeffortsand efficienciesled to
transent spikesin fish catches over a few years or decades until yields declined again.

While higorically, light boatsand light gearwere usedto fishon softbottomsin order to reduce
damage to the gear, the towed gear became heavier over time and their impact the seafloor habitatand
specieshecame more and more destructive. Today almos every soft or rocky bottom canbe fishedwith
high-tech‘rock-hopper’ trawls. New electronictools suchasGPS(geographigoositioningsystemsand
sophisticatedish-findersallow vesselso find, follow and capturemigratingschoolsof fishwhereverthey
go (Percy 2000a). Thus catch data that show higherlandings probably do not reflectincreasingoverall
abundance, but an increased ability to fish in previoudy inaccessble areas of the ocean, and to fish
populationsdown to extremelylow levelsbeforeit becomesuneconomicalto continue. After 200 years
ofincreasedishingeffort, stockdinally collapsed remindingusthat our conceptualframeworkthatever-
increasingconsumption is the key to economic growth is ultimately constrainedby nature’s limits.
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Fg. 2.3.12. Abundance
surveys of (a) principal
groundfish, (b) flatfish,

(c) other groundfish, and

(d) small groundfish by
speciesin the study area.
Data from annual stratfied
random sampling surveys

in strata 492 and 493, DFO.

Fg. 2.3.13.
Abundance surveys
of pelagic and
anadromous fish

by speciesn the
study area. Data
from annual
stratified random
sampling

surveysin strata
492 and 493, DFO.
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Table 2.3.2. Historical direct human impacts on marine fish. Data from Gesner 1847, Perley 1852, Cowie 1912, Found
1912, Huntsman 1938, 1953b, Martin 1960, McKenzie & Tibbo 1960, lles 1979, Kohler 1979, Peacock 1979, Harvey &
Coon, 1997, Trippel 1999.

Time (A.D.) Activity

early 1600s
1650
1760

1800s

1826
1839
1840

1840-50s
1845

1850
1852

1865-1880
1870-1885
1870-1909
1873

1873-1885
1885-1910

1880

1880-1920
1891
1900s
1908

1912

1920-1958
1930
1937-1958

1960s
1970s

1976
1977
1978
1979

Seasonal offshore cod fishery by Europeans, no settlement
Seasonal summer inshore cod fishery (“...everycreekand covewasabundantly stockedwith cod”, Cowie 1912)
Establishment and expansion of cod fishery, stayed inshore for about 100 years
Herring and mackerel fishery neglected
Expansion of fishery towards haddock, halibut, hake, pollock, herring, mackerel
Mainly inshore hook and line fishery
Herring weir fishery
Cod fisheryin Passamaquddy Bay
Decrease in size of pollock
Disappearanceof the rich mackerelfisheryaround Grand Manan
Annual decreasen cod fishery,blamed on gurry’ grounds(fishoffal dumping), assumed to keep fish away, especialy
herring
American schoonersfished in the area; concernsfor over-fishing raised
Declinein herringsize and catch, fishing on spawning grounds, destruction of spawned herring, excessve use of small
nets breaks up herring schools
Disappearanceof ‘britt’ (veryyoungherring)
Decline of Grand Manan fishery for herring, pollock, hake, cod, assumed newly established weirs break up
herring shoals, keeping cod away from shore.
Rich fishing grounds in the big eddy near Indian Island mainly for pollock
Fshery gill mainly inshore in the vicinity of idandsand main coast, hook and line, weirs
Small herring fishery developed for bait, manure, oil
Seady advance maintained in the value and importance of the fisheries
Decreasein annual catch of shad
Frst ‘bank’ fishery for cod
Seep increase in fishery with increasing bank fishery
No further increase in aggregate value of fishery —“ ... little or no progress had taken place during those twenty-five
years..” (Cowie 1912)
Peak fishery for large herringtraded frozen, and medium ‘stringers’ (2-3 yr old) for smoking
With introduction of canning indugtry, intensive ‘sardine’ fishery started
Decline in large herring catchesto almost zero, decline in medium ‘stringers, but increase in small ‘sardines
Large mackerel catches, but fishery totally failed thereafter (Battle 1931)
Gradualchange from salt-to fresh-fishtrade
Introduction of steamtrawling—managershope for reanimation of fishery; fishermen concerned about over-fishingand
dedtruction of fish habitat and juvenile fish.
Inshore fishery gill more important than bank fishery
High abundance of pollock, gaspereauhaddock and hake
Average herringlandingsin Charlotte County make up 78% of the total Bay of Fundy catch
Herring fishery commercially most important
Most groundfish catchestaken within Fishery Digtricts50-53, line-fishery and draggersmostimportant were pollock,
haddock, cod, white hake, winter flounder, redfish
Herring purse seiner fleet developed (mobile gear introduced); catchestargeted to low value fish meal market
Herring stocksin severe decline, Atlantic Herring Management Board established
Groundfish stocks declined
Herring fishery directed towards an adult fishery for a human-food market
200-mile exclusve economic zone established (200-mile limit)
29 fish processng plantsin Charlotte County
Dept. of Fsheries and Oceans egablished, dving full departmental status to Fisheries and Marine Service of the
Departmentof Fisheriesand Envirorment; new fisheriesregulaions enacted.
Cod, haddock, pollock and floundersthe most important groundfish speciesin Charlotte County, followed by redfish,
halibut, hake, cusk and wolffish
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Table 2.3.2. cont’'d

Time (A.D.) Activity

1980 Herring catches declined

1985 Rebuildingof largepelagicand invertebratesfisheriesprograms

1992/93 Closure of ground-fishery in most of Atlantic Canada, southern stock (4X)including Bay of Fundy continued to sugain
fishery at lower quota levels

1993 Fsheries Resource Conservation Council (FRCC) established

late 1990s Quotas for southern stocks had diminished considerably

1996

Oceans Act passed

2.3.3. Genera patterns of changes in the fish community in the Quoddy Region

Catchdata, abundance-surveydata, and anecdotalevidence indicate unanimouslythat many

fish populations have been over-exploited during the lag 100-200 years. Thisresultedin significant
declinesin the abundance of traditionaly targeted gpecies and decreases in target-fish 9ze. Asa
consequence food-web structure,dominance patternsand interactonsamong species have changed.

<

Shift in size distribution and the decline of large, reproductive fish. Commercial fisheriesfirg targeted
largefish,and then graduallymovedtowardssmaller,immatureindividualswhen largeonesdeclined
(e.g. from large herring to ‘sardines during 1870-1940, from large cod (70-90 cm in 1950) to small
cod (20-50cmin 1980, Steneck 1997). Overexploitation of spawnersmay not sustain reproduction
(Myers & Barrowman 1996).

Decline in abundance of traditional target fish. There hasbeen a strongdecline of cod, haddock,
pollock and herring over the last 30 years.

Shift in dominance patterns. The decline of large predatory fish has released other species from
predation pressureand competition. Smallgroundfish,dogfishand skatesnow appearto be alarger
componentof the fish community asopposed to cod, haddock and pollock. Itisnot clear,however,
whether these new specieswill play the same rolesin the community, asdid the formerly dominant
pecies

Decline of medium trophic-level fish. Small planktivorus fish such as herring and gaspereau are
important prey gpeciesfor large groundfish and pelagic predators. Release from predation pressure
may haveincreasedproductivity of thesespeciesput fishingeffort and new predators(dogfish)may
alsohave switchedto this reurce.

Fishingdown food webs. Fsheries shifted from high to lower trophic levels as catchesdeclined (e.g.
from large predatory cod, and haddock to herring, invertebratesand even algae). Today, humans
probably represent the dominant predator across several trophic levels.

The overallconsequence®f thesefood-web changesare unclear. It ispossible that overfished

specieswill dowly recoverif sufficientlyprotected from exploitation. It is alsopossible,however, that
the ongoing degradationof spawningand nursery habitat for traditiona species aswell asthe new
dominance of various competitors and larval predators may inhibit recovery of traditional species
(Walters & Kitchell 2001).
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2.3.4. Human imp acts on fish populatio ns
< Increasingexploitation rate overtime. Thisleadsto population declines (see above).

< Increasingefficiency and destructivenessof fishingpracticesand gear. Hook andline => gillnets=>

steamtrawlers: heavierand largergearbecomesmore destructivelocally aswell ason an increased
spatial extent (Percy 2000a). Refrigerating & trawling capacities allowed for massve landings of
spawninggroundfish, which were avoided before because of poor market value. This change in
fishingmethod and the targeting of spawning individuals coincided with the extirpation of many
coastalgroundfish stocks in the Gulf of Maine (Steneck1997). ‘Rock-hopper’ trawls allowed
expansion of fisheryfrom muddy and sandyto rocky bottoms. Thisreducedthe availabilityof spatial
refugesand startedthe dedruction of important long-lived hard bottom communities (see below,
Percy 2000a).

< Increasingtemporal and spatial dimension of fisheries. Modern, large shipscan fish year round while
small, light boatswere regtricted by severe weather conditions during winter. Thus winter was a
regularclosedseasonin the past,coinciding with spawningseasongor many important groundfish
(Percy 2000a). Hectronic gear (GPS fish finders) also reduced spatial refuges Total area fished in
the Gulf of Maine doubled from late 1800s to late 1900s (Seneck 1997) with the use of modern
gear.

< BExploitation of predators & competitors. Release from predation could result in the increase of prey
speciessuchassmallgroundfish,herringand invertebratessuchasshrimp, crabs,lobster,seaurchins
(Steneck1997, Worm & Myers unpublished data). Release of from predation could result in the
movementof prey speciessuchasherringinto deeperwater, becausetheyarenot chasednearshore
by their enemiessuch ascod, slver hake and dogfish (Perley 1852, Steneck 1997). Release from
competition for food or habitat favoursincreaseof non-targetspecies such as dogfishand skates
(Steneck 1997).

< BExploitation of preyspecies Increasingexploitation and harvest of medium (herring, capelin) and low
trophic level speciegseaurchins, crabs mussls) increases the risk of food shortage for high trophic
level gpecies.

< Depensation effects Fsh socks may be especially vulnerable at low population levels. Some long-
lived fish species may experience suppressed recruitment at low population levelsdue to the release
of competitorsand larval predators (Walters & Kitchell 2001).

< BExploitation of habitat-building species. Rockweedharvestingiearsthe riskof changingor destroying
important nursery groundsfor manyhighly valued fish (Macdonald et al. 1984, Rangely 1994, 2000).

< Habitat destruction. Dredging, dragging, and trawling with increasng sze, weight and robugnessof
geardestroysbenthic habitat (Percy 2000a). While sandand mud bottom communitiesmay recover
within a few monthsto years, rocky hard-bottom communities take decades (kelp beds, eelgrass
meadows, rockweed beds, musselreefs, gponges) to centuries(deep-watercorals)to rebuild (Percy
2000a). Structurallycomplex benthic habitatsare often important spawning, nursery,feedingand
restinggrounds,providing food, shelter,and refuge (Macdonal et al. 1984, Rangeleyl994, Percy
2000a).
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< Habitat degradation due to nutrient loading. Organicwastesand fouling conditions may change the
movementof fishasthey avoid suchareas. ‘Gurry grounds’'were areaswhere fish offal wasdumped
into the sea. Asearlyas1840, observersonnectedthe decreasein the cod and herringfisheiesto
these ‘gurry’ grounds, which appearedto causeavoidancebehaviour, especiallyin herring (Perley
1852). Oxygendepletionthroughbacterialdecompositionimpairshealthand survivalof fish (see also
Chapter3). Fishprocessingplantsdischargeuntreatedor minimally treated wastes directly into the
sea. Asa reault harboursand inlets have been heavily enriched with nutrients and organic wages,
resultingin low oxygen levels. Aquaculture cagesitesin baysand the near shoreareaare a large,
recent source of organic wastes(feces,uneaten feed). Untreated municipal sewagewas and
minimally treated sewage dill is discharged into the coadal zone. Nutrient loading (N, P, from
sewage agriculturalrun off, aquaculture,fish processingplants, pulp & paper mills) increasealgal
growth, often favouring species that are not traditionally dominant (shift from diatoms to
dinoflagellates, Chapter 2.7). This may result in changes in the food chain. In the benthic
community, nutrientloadsfavour annual, fag-growing algae over perennial, dow-growing rockweeds
which are an important structuralcomponent of the coastalhabitat and a nurseryhabitat for many
fish (Chapter 2.4, Worm & Lotze 2000).

< Habitat degradation through toxic contamination. Chemicalcontaminantsimpair health, immune
systenresponses reproductive abilities, and aurvival of some gecies (Wellset al. 1996, Chapter 3).
Pedticides, biocides and pharmaceuticals used in aquaculture may harm crusaceans, which are an
important food sourcefor many juvenile fish. PCBs(e.g. from fish processing plants) accumulate in
sedimentsand through the food chain. DDT (from historicforestsprayingaccumulatesn sediments
and the food chain. Heavy metalsaccumulate in major sediment depostion areas in the Quoddy
region. Radionuclides(Point LepreauNuclear Generating Station)accumulatein sediments and
through the food chain.

< Evironmental change. Temperatureshiftsare often important in affecting year-to-year variationsin
abundance and digribution of fish populations (Huntaman 1931, Macdonald et a. 1984).

< Cumulative and interactive effects. Many speciesarenot only affectedby exploitation, but by several
human-induced or natural impacts at the same time.
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