Co-operative Freshwater Ecology Unit — 2004 Program

Nordic Fish Survey (2003 + 2004)

A survey of fish communities present in 25 Sudbury lakes was performed using the
international standard Nordic Method. The Nordic multi-mesh gillnet method for fish
biodiversity studies was developed for Scandinavian lakes which are ssimilar to Canadian
Shield lakes. Each net contains 12 different mesh sizes. This international standard uses
a random depth-stratified design to provide accurate whole-lake estimates of species
richness, relative abundance and biomass. Surveys require 2-8 days to complete
depending on the size of the lake. Lakes included in this survey and their surface areas
are as follows:

Ashigami (434.7 ha) Matagamasi (1317.1ha)
Bear (691.9 ha) Massey/St. Jean (78.5 ha)
Caswell (39.8 ha) McFarlane (166.1 ha)
Clearwater (76 ha) Middle (28.1 ha)

Daisy (36.6 ha) Nelson (308.8 ha)
Fairbank (705.1ha) Nepahwin (127 ha)
Fraleck (166.3 ha) Ramsey (792.2 ha)
Hannah (27.7 ha) Sans Chamber (15 ha)
Joe (216.2 ha) Silver (21.8 ha)
Kukagami (1864.8 ha) St. Charles (41.3 ha)
Little Panache (102.9 ha) Vermillion (1126.6 ha)
Lohi (41.6 ha) Whitson (473.4 ha)

Long (861.3 ha)

SES Intensive Monitoring L akes

The intensive monitoring lakes are sampled once (and in some cases, twice) a month
usualy at the deepest location during the ice free season. The monitoring of some of
these lakes goes back to the early 1970 sgenerating some of the longest acid rain
monitoring records in the world. It is for this group of city lakes that we possess the
longest running, most detailed, and largest collection of data. The intensive monitoring
for these lakes includes water chemistry, zooplankton, phytoplankton, some benthic
invertebrates, oxygen, temperature, and Secchi depth (a measure of water clarity). Lakes
included in this monitoring group follow.

Clearwater (76 ha) Middle (28.1 ha)
Daisy (36.6 ha) Nelson (308.8 ha)
Hannah (27.7 ha) Swan (6 ha)

Joe (216.2 ha) Sans Chamber (15 ha)

Lohi (41.6 ha)



SES Extensive M onitor

ing Lakes

The extensive monitoring lakes are sampled for water quality once a year (usually at a
mid- lake location) to monitor recovery from acidification and metal contamination due to
Sudbury smelter emissions. This monitoring dates back to the early 1980's for some
lakes. There are a total of 45 lakes included in this monitoring program, of which the
following 11 are within the Greater City of Sudbury.

Clearwater (76 ha)
Crooked (26.3 ha)
Fraleck (166.3 ha)
Matagamas (1317.1 ha)
Sans Chamber (15 ha)
Silver (21.8 ha)

Silvester (56.1 ha)
Tilton (51.7 ha)
Wanapitel (13256.8 ha)
Whitson (473.4 ha)
Wolf (87.5 ha)
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Fig. 1. The zone of lakes affected by Sudbury smelters (Neary et al., 1990)

Urban Lake Water Recovery (1990-2003)

This before and after study focused on ‘Urban’ lakes within the old boundary of the City
of Sudbury, and compared water quality results from monitoring performed in 1990, with
more recent results from 2003. The lakes included in this monitoring follow.

Bethel (31.2 ha)
Bennet (13.6 ha)
Broder #23 (36.9 ha)
Brodill (112.1 ha)
Clearwater (76 ha)

Lohi (41.6 ha)

Long (11.6 ha)
McFarlane (166.1 ha)
Middle (28.1 ha)
Minnow (20.9 ha)



Crooked (26.3 ha Raft (109.6 ha)

Crowley (43.5 ha) Ramsey (792.2 ha)
Daisy (36.6 ha) Richard (83.6 ha)
Forest (15.8 ha) Robinson (33.6 ha)
Hannah (27.7 ha) Silver (21.8 ha)
Johnny (8.1 ha) St. Charles (41.3 ha)
Kelly (340.8 ha) Still (3.1 ha)
Laurentian (157 ha) T (Dill) (44.4 ha)
Linton (27.7 ha) Tilton (51.7 ha)

Little Raft (19.7 ha)

% of expected number of fish species

Ashigami (04)
Bear (03)

Caswell (02)
Clearwater (04)
Daisy (04)
Fairbank (03)
Fraleck (03)
Hannah (04)

Joe (04)
Kukagami (03)
Little Panache (03)
Lohi (04)

Long (04)
Massey/St. Jean (04)
Matagamasi (00)
McFarlane (04)
Middle (04)
Nelson (04)
Nepahwin (04)
Ramsey (04)
Sans Chamber (04)
Silver (04)

St. Charles (04)
Vermillion (04)
Whitson (04)
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Fig. 2. A comparison of the number of species of fish in alake with the number expected for alake that
size. The number of expected species iscalculated with the following equation : Expected # of species =
0.99 + 4.59L 0g;pArea (E. Snucins and J. Gunn).
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Fig.3. The change in lake water concentration of total copper in City of Greater Sudbury lakes. Lakes
sampled in 1990 and again in 2000. Note: the Ontario Water Quality objective for Cuis5 pg/L.
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Fig. 4. Changesin pH (a measure of acidity) in a select lists of lakes in the Greater City of Sudbury
between 1990 and 2003. Most aquatic organisms (fish and invertebrates) are protected if pH remains above
6.0.
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Fig. 5. Thechangein lake water concentration of total nickel in City of Greater Sudbury lakes. Lakes
sampled in 1990 and again in 2000. Note: the Ontario Water Quality objective for Cuis 25 pg/L.
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Fish Species Found in 25 Greater City of Sudbury Lakes.

Lakes surveyed with the Int. Nordic Multimesh Netting Standard Method during 2000-2004

Fish species Ashigami |Bear |Caswell |Clearwater |Daisy |Fairbank |Fraleck |[Hannah [Joe |Kukagami|Little Panache|Lohi|Long |Matagamasi
Blacknose dace X

Bluegill X

Bluntnose minnow X X X

Brown bullhead X X X X X X X X
Burbot X X

Cisco (lake herring) X X X X

Common shiner X X X

Creek chub X X

Fathead minnow X X

Golden shiner X X X
lowa darter X X X

Lake chub X

Lake trout X X X X X
Lake whitefish X X X

Largemouth bass X

Logperch X X X X

Mottled sculpin X

Ninespine stickleback X

Northern pike X X X X X X X
Pearl dace X

Pumkinseed X X X X X X X X X

Rainbow smelt X X

Rock bass X X X X X X
Slimy sculpin X X

Smallmouth bass X X X X X X X X X X X
Spoonhead sculpin X

Spottail shiner X X X X
Trout-perch X

Walleye X X X X X X X X X
White sucker X X X X X X X X X X
Yellow perch X X X X X X X X X X X X
Number of Species 9 21 0 4 7 16 6 6 4 10 12 3 15 10

»**Data for Bear, Clearwater, Fairbank, Fralek, Kukagami, and Little Panache is from 2003
***Data for Caswell is from 2002 and data for Matagamasi is from 2000

***Additional data from 1989/90 for Long Lake was used
because of a less than complete survey in 2004
***All other lake data is from 2004
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Appendix 1- Water Chemistry

Water chemistry data for 31 lakes in the core area of the City of Greater Sudbury in 1990
and 2003. Non-volume-weighted, tygon tube composite samples through the epilimnion
and metalimnion were taken during midsummer at a single deep basin in each lake.
Analyses were conducted by the Ontario Ministry of the Environment.

Appendix 2 — Sediment Chemistry

Results of analyses of sediment samples from 11 Sudbury area lakes sampled in the mid-
1990's (W. Kéller, Ontario Ministry of the Environment). Samples represent the top 2 cm
of sediment collected with an Ekman dredge. Three replicate samples were taken in a
single deep basin in each lake. Analyses were conducted by the Ontario Ministry of the
Environment.

Appendix 3 — Fish Species
Fish species present in 17 recently surveyed (2000-2003) lakes within the City of Greater
Sudbury. Sampling conducted using the Nordic multimesh gillnets.

Appendix 4 — Walleye Harvest Statistics
Sudbury area late winter creel survey summary statistics for 4 walleye lakes. Creel survey
conducted from March 1 to April 15, 2003.

Appendix 5 — Zooplankton Species

Crustacean zooplankton species collected in 32 lakes in the City of Greater Sudbury in
1990 and 2003. Samples were single vertical net hauls with an 80 u mesh, 30 cm mouth-
diameter, nonmetered net. Single samples were taken during midsummer at a single deep
basin in each lake.
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Appendix 2 - Sediment Chemistry

CLEARWATER

FAIRBANK

GENEY

E

B

B

4.10 4.00 4.00 4.30 4.50 4.50 5.00 4.90 530 3.80 3.80 3.80

198.00 | 200.00 | 20800 | 13400 | 14700 | 12600 | 107.00 | 108.00 9900 § 21100 [ 214.00 | 208.00

86 .00 g7.00 ] 10000 | 60.00 6700 61.00 41.00 45.00 41.00 § 11000 | 11000 J 110.00
18000.00 | 18000.00 | 18000.00 | 25000.00 { 25000.00 | 24000.00 | 1300000 § 13000.00 § 15000.00 §12000.00 | 1200000 | 12000.00

76.00 75,00 80.00 110.00 | 8500 8500 | 74000 | 56000 | 59000 § 61.00 63.00 63.00

um (e dry) <071 <) &4 =) B8 <(.81 (.61 <07 <) b2 < 66 <69 <).8 <) 82 <(.8
Cadmium (pglg dry) 7.70) 7.20 470 1.70 1.10 1.10 580 540 520 3.00 2.70 290
{lChromium (pg/g dry, 53.00 51.00 52.00 69.00 66,00 64.00 33.00 35.00 40.00 30.00 30.00 28.00
___n_”_w_m_# g dry) 8000 88.00 61.00 45.00 4500 43.00 23.00 22.00 22.00 15.00 21.00 19,00
___n_”_ﬁ_ﬁ_a. g'q dryl 1900.00 | 180000 | 160000 | 67000 | 73000 [ 760.00 | 28000 | 26000 | 25000 § 79.00 89.00 79.00
Iron {pg/g dry) 2100000 ) 26000.00 | 2300000 J 29000.00 | 31000.00 | 39000.00 | 4600001 | 69000.02 | 45000.01 §24000.00 | 26000.00 | 25000.00
Lead {pg/g dry) 150.00 | 15000 | 15000 | 57.00 6400 15000 | 14000 | 15000 § 9900 f 11000 | 11000
Manganese (g dry) 130.00 [ 14000 | 15000 J 23000 | 18000 69000.00 | 38000.00 | 34000.00 § 440.00 | 480.00 | 450.00
[Molbhdenum ipg/g dry) <2.5 <24 <22 <=0.5 <0.85 34.00 25.00 20.00 <11 <14 <(.85
__7___U__n_w g/ dry) 2100.00 | 2300.00 § 1700.00 | 1200.00 | 1300.00 | 1100.00 | 350.00 | 320.00 | 310.00 @ 9500 [ 110.00 | 96.00
Strontium (o' dry) 2000 20.00 21.00 27.00 2300 23.00 43.00 36.00 39.00 2500 24.00 23.00
Titanium {pg/g dry) 44000 ) 45000 | 43000 | 670.00 | 64000 | &10.00 | 390.00 | 38000 | 51000 § 660.00 | &10.00 | 600.00
Vanadium {pg/g dry) 3900 40.00 40.00 45.00 4600 44.00 41.00 45.00 49.00 41.00 41.00 42.00
Zine 33000 ) 35000 | 20000 | 120,00 | 8500 8000 § 27000 | 260.00 J 260.00 g 140.00 [ 15000 ] 160.00




Appendix 2 - Sediment Chemistry

H

JOHNNIE

LONG

WCFARLANE

4.10

E
4.20

4.20

4.80

B
4.70

4.70

4,50

4.70

4.50

035 0N ign. (may/a dry) 23000 | 261.00 | 28300 | 89.20 84.10 102.00 11000 R 115.00 103.00
Carbon, Total Organic (mg/g dry)§ 14000 | 130.00 | 140.00 | 46.00 4200 41.00 49.00 52.00 58.00 57.00
Aluminum (pg/g dry) 20000.00 | 28000.00 | 27000.00 | 20000.00 { 19000.00 | 19000.00 | 16000.00 17000.00 § 22000.00 | 2200000 | 22000.00
Bariurn (pig/g dry) 52.00 62.00 63.00 12000 | 12000 | 110.00 J 37.00 20.00 22.00 19.00

1.8 <16 <17 <11 <11 <11 ) 66 <(.88 <) &7 <0 88

510 500 4.60 4.80 4.40 .40 9.80 10.00 10.00

Chromium (pg'y 47.00 45.00 45.00 57.00 55.00 55.00 50.00 72.00 72.00 74.00
Cobalt (ug/a dry) 41.00 27.00 27.00 80.00 40.00 8800 | 11000 ] 13000 | 12000 § 20000 | 20000 J 21000
Copper {ug/g dry) 14000 | 100.00 | 130.00 | 130000 | 1300.00 | 1200.00 § 1200.00 | 120000 | 1200.00 § 3200.00 | 2900.00 § 3200.00
Iron {pg /g dry) 42000.01 | 41000.00 | 28000.00 | 31000.00 | 30000.00 { 30000.00 | 32000.00 | 34000.00 | 33000.00 §47000.01 | 4400001 | 46000.01
g dry) 13000 | 07.00 | 150.00 | 11000 | 11000 | 110.00 | 11000 | 12000 J 11000 R 270.00 J 260.00 |} 250.00
Manganese (pg/g dry) 56000 [ 68000 ] 32000 | 51000 | 47000 [ 46000 | ©10.00 | 110000 | 97000 § 1700.00 | 1700.00 | 1700.00
Molybdenum (pag'g dry) <2 <13 <1.8 <=0.5 <=0.5 <=0.5 <0.74 <=0.5 <=0.5 2.60 2.80 2.90
MNickel (pa/g dry) 21000 | 13000 | 210.00 | 1400.00 | 1400.00 | 1400.00 | 2200.00 | 2400.00 | 2200.00 § 4400.00 | 4200.00 J 4600.00
Strortium (pg/g dry) 2500 25.00 24.00 32.00 30.00 30.00 30.00 32.00 31.00 34.00 35.00 33.00
Titanium {g/g dry) 53000 [ 430.00 | 480.00 | 72000 | 75000 | 780.00 | 720.00 | 750.00 | 74000 @ 76000 | 77000 J 730.00
62.00 50.00 55.00 45.00 43.00 44.00 40.00 41.00 41.00 53.00 53.00 53.00

320.00

220.00

300.00

290.00

290.00

290.00

420.00

4560.00

450.00

650.00

670.00

630.00




Appendix 2 - Sediment Chemistry

RAMSEY TYSON VWHITSON

A E C A B C A B C
H 440 440 450 4.40 4.40 4.10 470 4.70 4.80
Loss onign. (ma'g dryl §2.00 86.10 88.30 195.00 20700 106.00 210.00 133.00 14000
Carbon, Tatal Organic (ma/g dry )l 45.00 45.00 45.00 95.00 G5 00 g0.00 87.00 60.00 63,00
Aluminum (pg'g dry) 19000.00 | 20000.00 § 21000.00 § 2300000 | 23000.00 | 24000.00 § 17000.00 § 15000.00 ) 15000.00
Barium {pg/g dry) 69 .00 51.00 140.00 150.00 110.00 140.00 £4.00 66.00 6. 00
Bervllium (pg/g dry) (.75 <) 79 =0 81 <14 =14 <15 <1 53 <) 52 <) 52
Cadmium (pg/g dry) 7.30 850 540 4.10 3.70 4.00 2.80 2.20 2.30
Chromium {pg'g dry) 62.00 70.00 76.00 45.00 44.00 47.00 48.00 46.00 44.00
Cobalt (pa'g dryi 160.00 190,00 160.00 33.00 45.00 33.00 48.00 53.00 57.00
Copper (pa'g dry) 2900.00 | 3200.00 § 2700.00 ) 200.00 160.00 220,00 | 1100.00 | 760.00 7E0.00
Iron (pgig dry) 43000.01 | 47000.01 § 4400001 § 64000.01 | 73000.02 | 59000.01 | 5200001 J 43000.01 | 46000.01
Lead {pg/g dry) 24000 270.00 220.00 150.00 140.00 150.00 160.00 120.00 1.30.00
Manganese (pg/g dry) 43000 420.00 420.00 1600.00 | 2200.00 840.00 250.00 410.00 500.00
Molybdenum (pag'g dry) <15 <1.2 <1 <15 <2 <16 <0.93 <0.75 <(.72
Mickel (pa/q dryi 4100.00 | 4800.00 § 3800.00 } 280.00 270.00 300.00 | 1400.00 § 1100.00 § 1100.00
Strontium (pa/g dryl 32.00 33.00 33.00 29.00 20.00 29.00 32.00 26.00 26.00
Titanium (pg/g dry) 710.00 750,00 540,00 560,00 540 .00 590.00 440.00 530.00 500.00
\anadium (pgig dry) 5200 54.00 57.00 65.00 65 00 6400 47.00 42.00 42.00
Zinc (pa/g dry) 400.00 460.00 360,00 230.00 200.00 230.00 130.00 110.00 110.00




Appendix 3 - Fish Species

Hu;H.l._w..
-,.HM
= _
i [y w T = = E o 5] — = o= = E = =
Surface Area (ha) [ F7 L 7030 174 ) 378 119000 77 | 1310 881 1 1303} 141 | 316 | 874 ] 1079] 437 _
2003) 2003 2002 2003] 2003 2003] 2003] 2003]) 2003] 2003] 2003] 20000 2003] 20000 2003) 2003 2003
Species 8 21 i 4 16 & 4 10 [ 12 12 10 12 g g 13 &
Elacknose dace - Bhinichthys atratulus X
BEluegill - Lepomis macrochius ¥
Bluntose minnow .__u:s.m.:__ ales notatus X X X
X % X X X X X X X X X X
% X X
Cizco (lake herring) - Coregonus arted % % X X X %
_ommon shiner ._E__ ilus _H_ X X X X X X
X
X b
X X
15 _.U__ﬁ____x__l._mﬁ__m X
_H__:u:_ua Salvelinus namayeush % % X X X i ¥
L ake whitefish - Coregonus clupeaformis ¥ X ¥
Largemouth bass - Micraoterus salmoides X
Lagperch - _n.m_.ﬁ.___ﬁ caprodas X X X X X X
IMottled sculpin - Cottus __ﬂ ] i
Minespine m:_\_,.__u_ua__\_,. -Pungitius pungitius X
MNortherm pike - Esox lucius ¥ ¥ % ¥ ¥ % % % % %
Pearl dace - Margariscus marnganita X
_uc_j_”_r_:gmmn_ - i5 gibbosus b X b b b b X X X X
Rai _uo_.ﬁ,ﬁ.m_jm:-, smerus moraax % X
Rock bass - Amblonlites rupestis X b % % % ¥ X X
Slimy sculpin - Cottus cognatus % %
Smallmouth bass - Micropte s dolomigu X X X X X X X X X X X X X
_3:_uni r.._,c_n__: _m,u.: 5 :Dn. [ X
X X X X X
._._05 perc h - __um:nn S__a OMISCoMmaycus i X
\low pickerel) -Sander vitreus X % % % % % % % % ¥ ¥ % % %
te sucker - Catostomus commersons X X X X X X X X X X X X X X
ow perch - Perca flavescens X % X X X X X X X X X X X X X X




Appendix 4 - Walleye Harvest Statistics

Average Size of

(2.9 hours+ha™)

Lake Fishing Effort Walleye Angler Success Rate Number Harvested Walleye Walleye Yield
1-Earle 784 angler-hours y .
McFarlane (5.6 hours*ha™) MNone caught 0 walleye
— 9016 angler-hours 0.403 walleyeshour” S 283mm Jdkg
Ramsey (10.3 hourssha™) (1 fish for 2 hours) 1738 walleye 1810 (0.36kg+ha™)
n 3491 angler-hours 0.089 walleyeshour” . 291 mm 13kg
vermilion (3.2 hourstha™) (1 fish for 11 hours) 39 walleye 2250 (0.01kgeha™)
1285 angler-hours None caught 0 walleye




Appendix 5 - Zooplankton Species

CDER
DILL
ARWATER

LAURENTIAMN

BENMETT
BETHEL
BRC

BRC

(
FAIRBANKS
HAMMNAH
JOHMNY
KELLEY

990
990
990
990
990
990
990
990

LA cantho cyclops vemalis

Alona sp.
[Bosmina sp
Ceriodaphnia sp.

Chydorus sphaericus
Cyelops scutifer
Daphnia ambigua
Duphnia pulex
Daphnia retrocurva
Daphnia mendo taz
Daphinia sp.

Diacvelops hicuspidats thamasi

Diaphanasoma birgei
Epi
Eubosming longispina

i lacusiris

Eucyclops agilis
Euryveercus lamellatus

Haolopedium gladialis

Leptodiatomes mimnius

Leptexdora kindtii

Macrocyelops albidus

Mesocyclops edax
Ortho oy
Folhyphemus pediculus

5 modes s

Sida crystalling

Skistodiaptomus oregonensis

Tropocyelops extensus

Calanoid copepodid
Calanoid naup lius
| T

Cvelopol

d copepodid

naup s

x = Species present
* = Only one individual detected



Appendix 5 - Zooplankton Species

HARLES

MIMMO!

LITTLE RAFT

FARLAME
RAMSEY
sST.C

I

990
290
290
990

Species Names
L canthocyelops vemalis

Alona sp.
[Bosminag sp.
Ceriodapania sp.

Chydorus sphaericus

Cyvolops scutifer
Daphnia ambigua
Daphnia pulex
Daphnia retrocurva
Daphnia mendo tac
Dapinia sp.

Digcyelops bicuspidatus thomasi

Digphanasoma birgei

Episciura lacustris

Eubosmina longisping
Eucvelops agilis
Eurveercus lamellatus

Holopedium gladalis

Leptodiatones mimius

Leptodora kindtii

Macrocyolops albidus

..ﬂ.h._n‘.z._..__“.._._“.____..__wu.:. _.-__"___._"__.j..

...H_.___b:n;.n.___:hc.,. mades s
Polyphemus pediculus

Sida crystallina

Skistodiaptomus oregonensis

Tropocyelops extensius

Calanoid copepodid

Calanoid naup lius

[Cvelopoid copepodid

Cyelopond nauplius

x = Species present
* = Only one individual detected





