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Abstract—The lack of information on Cisco Coregonus artedi diet creates a knowledge gap
that limits fisheries managers’ ability to understand energy transfer in the rapidly changing Lake
Michigan ecosystem. In order to examine diet and determine what niche Cisco inhabit in the food
web of Grand Traverse Bay, Lake Michigan, we sampled Cisco in June, September, and October
of 2014 at sites located near Elk Rapids. Diet analysis revealed that Cisco consume predominantly
Round Goby Neogobius melanostomus and Diptera Chironomidae pupa in the spring and Alewives
Alosa pseudoharengus and spiny waterfleas Bythotrephes longimanus in the fall. The almost
exclusive consumption of these prey items in their respective seasons suggests that a feeding shift
from benthic to pelagic prey items exists in Cisco foraging from spring to fall. This diet shift indicates
that Cisco may provide a linkage between benthic prey items and pelagic piscivores. Abundance of
prey items that were not historically present in their diet suggests that Cisco may have adapted their
feeding strategy to food web changes and integrated into the contemporary fish community that
exists in Grand Traverse Bay. Fisheries managers should consider Cisco rehabilitation as a potential
tool for restoring food web pathways in Lake Michigan. However, efforts at rehabilitation must be
continued with the understanding that the prey composition is predominantly nonnative, and that
new pathways of energy transfer will require Cisco stocks that can adapt to ongoing ecosystem
changes.

Introduction

Coregonids were once diverse and abundant in the Laurentian Great Lakes, which provided habitat
for seven deepwater species and one shallower water species, the Cisco Coregonus artedi (Eshenroder
and Burnham-Curtis 1999; Koelz 1929; Scott and Crossman 1973; Smith 1964; Todd and Smith 1992;
Wells and McLain 1973). By the 1960s, the majority of the Ciscoes in Lake Michigan were severely
depleted or extirpated as a result of exploitation, predation by Sea Lampreys Petromyzon marinus,
and interactions with other invasive species (Smith 1964; Wells and McLain 1973; Zimmerman and
Krueger 2009). Cisco have persisted, albeit at very low levels (Fitzsimons and O’Gorman 2006), since
that time. Cisco have significant commercial value for their flesh and roe, and once supported one of the
highest valued fisheries in Lake Michigan (Brown et al. 1999b; Wells and McLain 1973; Zimmerman
and Krueger 2009). At its highest from 1883 to 1908, commercial harvest of Cisco reached 1.09 million

1



kg annually (Wells and McLain 1973). However, in the early 1900s Cisco began to decline along with
the other coregonid species, and commercial harvest has since declined to lower than 907 kg annually
(Baldwin et al. 2009). Similar to other Lake Michigan coregonids, the decline of the Cisco is largely
attributed to interactions with invasive species, exploitation, and habitat degradation. Cisco survival
was reduced by the invasive Alewife and Rainbow Smelt Osmerus mordax, which consume larvae and
compete with young-of-the-year for zooplankton (Bunnell et al. 2006; Smith 1970; Wells and McLain
1973). The population was affected by habitat degradation in key spawning areas, such as Green Bay
(Fitzsimons and O’Gorman 2006; Madenjian et al. 2008; Wells and McLain 1973), where pollution
in the southern part of the bay produced a bottom covered in anoxic gray sludge that altered Cisco
spawning habitat and greatly reduced their abundance (Madenjian et al. 2011; Wells and McLain 1973).

In Lake Michigan, Cisco commercial catch rates were close to zero after the crash in the 1960s
and did not start to increase until the mid-1990s (Fitzsimons and O’Gorman 2006). Since then, an
increase in Cisco abundance in Grand Traverse Bay has been observed, with sport harvest increasing
three- to seven-fold during the period 1995-1998. Recent bottom gill-net assessment in Elk Rapids has
also shown a steady increase in abundance since assessment began in 2007, with a peak catch of 90
Cisco per 305 m of graded mesh gill net in 2013 (R. M. Claramunt, Michigan Department of Natural
Resources, Fisheries Division, unpublished data).

Historically, Cisco have been described as offshore planktivores (Brown et al. 1999a) that consume
native invertebrates Mysis relicta and Diporeia species, copepods, zooplankton, and invasive spiny
waterfleas Bythotrephes longimanus (Anderson and Smith 1971; Coulas et al. 1998; Fitzsimons
and O’Gorman 2006; Link et al. 1995; Link and Hoff 1998). However, we found that much of the
information on Cisco diet is out of date or was collected from populations far removed from Lake
Michigan, indicating current and accurate information on this topic is needed. In the Great Lakes
region, rehabilitation of Cisco is a priority goal of fishery managers (Stockwell et al. 2009; Zimmerman
and Krueger 2009). Due to the connectedness and complexity of aquatic communities in the Great
Lakes, acquiring and organizing biological information is crucial when considering the rehabilitation
of species (Zimmerman and Krueger 2009). Therefore, our objective was to describe Cisco diets to
help fisheries managers better understand their niche in the food web of Grand Traverse Bay, Lake
Michigan.

Methods
Study Area

We collected Cisco from four sites located in East Grand Traverse Bay (Lake Michigan), just
north of Elk Rapids, Michigan (Figure 1). Our decision to collect Cisco from Grand Traverse Bay was
supported by the proximity of collection sites to deep water and the knowledge that there is a remnant
Cisco population in the area. The bay has a maximum depth of 180 m (Holcombe 1996); the four
collection sites are located within 3 km of the deepest part of Grand Traverse Bay. In this area of the
bay, fish can move easily and quickly to deeper or shallower depths.
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Field Collection

We set a total of eight graded-mesh monofilament gill nets on four different sampling days (1 net,
June 23; 1 net, September 16; 4 nets, September 24; 2 nets, October 14) from June through October
2014 with 7 of the 8 nets set in the fall (Appendix A). The gill nets were 1.8-m tall, graded 6.35-11.43
cm in 1.3 cm increments; the net set in June was 1,219-m long and the remainder of the nets were
152.4 m (Appendix A). The gill nets were 1.8-m deep and were set less than 2,000 m from shore on
the bottom in depths ranging from 3.1 m to 21.0 m for one net night. Greater effort (length of gill net
fished) occurred in the spring as nets were set from the S/V Steelhead where it was feasible to handle
more gear. Water temperatures ranged from a low of 13.3°C in June to a high of 18.2°C in September;
temperatures dropped in October but not to the level observed in June.

Diet Analysis

All Cisco were stored on ice in the field and returned to the laboratory where their stomachs were
removed, labelled, and frozen for later processing. Diet analysis was guided by the 1996 Protocol
for Conducting Diet Studies of Lake Michigan Piscivores (Elliott et al. 1996); specific information
is described below. All diet items were removed, identified, counted, and measured in the laboratory.
Stomach contents were viewed under a Nikon SM-5 stereoscopic microscope with 8-35x magnification.
Complete prey fish were identified to species, measured (total length, mm), and weighed individually
(wet weight, g). For partially digested or incomplete fish with a full vertebral column, we measured
standard length if the snout through the end of the vertebral column was intact or vertebral length if
just the full vertebral column remained. For fish with an incomplete vertebral column, the existing
length of the vertebral column and vertebrae count were used to estimate the total length of the fish.
Regression equations (Table 1; Elliott et al. 1996) were applied to estimate total length and wet weight
for incomplete fish. We identified all invertebrates to order; if over 100 invertebrates were present, they
were subsampled using a 9 x 9 unit sectioned clear dish. Invertebrates of the same order were weighed
together.

Table 1.—Regression equations for prey fish total length and wet weight estimation. Vertebrae count
and incomplete vertebrae length are for fish without a complete vertebral column. Compiled from
Elliott et al. (1996); Round Goby equations from J. Jonas (Michigan Department of Natural Resources,
Fisheries Division, unpublished data).

Prey fish Total length (TL) Standard length (SL) Vertebral length ~ Vertebrae count (VC) and incomplete

species to wet weight to total length (VL) to total length vertebrae length (IVL) to total length
1.7 <48 (—)) -39
Alewife 4.0x1076 x TI31 126 xSL —3.6 1.7 x VL —3.9 Ve
Rainbow 1.5 <63 (ﬂ)) —46
Smelt 2.5x107 x TL*? 1.2 xSL—5.3 1.5 X VL — 4.6 Ve
IVL
Round 1.6 <32 (—)) +9.0
Goby 6.0x107® xTL3*? 1.2 xSL+2.9 1.6 X VL +9.0 C




Age Determination

We removed dorsal fin rays from each Cisco to determine age. Fin rays were placed in an envelope
labelled with an identifying number and dried. Two to five small sections (about 0.5 mm thick) of
the fin rays were cut with a Dremel MultiPro saw at the base of the fin, parallel to what would be the
body of the fish. These sections were placed in a small drop of mineral oil under a Nikon SMZ1000
microscope equipped with an Insight 4.2 camera. We used 40x magnification to capture images of most
fin ray sections; some larger sections required lesser magnification. All fin ray sections were imaged
and edited to capture the best display of annuli, which were subsequently counted to determine age of
each Cisco collected. Since the most recent annulus may not be visible on fin ray sections from fish
collected in spring (Jearld 1983; Wesley 1996), we counted the edge of the fin ray section as an annulus
for all spring-collected Cisco. All visible annuli were counted for fall-collected Cisco. Images were
taken using both bright field reflected and transmitted light. Multiple images were aged to establish
consistency in age assignments and reduce bias that may be associated with imaging practices.

Data analysis.—We used four metrics to characterize observations of stomach contents for Cisco:
percentage of empty stomachs, index of ration, percent prey composition, and prey fish size. The
percentage of empty stomachs in a sample provided a gross indication of the amount of food available
in the ecosystem for the predator. Ration was determined from each individual Cisco, including those
with empty stomachs, and calculated by taking the sum of the weight of each prey category consumed
per fish and then averaging the total weight of each prey category for the spring and fall samples
separately (Elliott et al. 1996). Percent prey composition was calculated from the ratio of the average
wet weight for each prey category across all Cisco to the total wet weight of all stomach contents with
results presented for each season independently. Percent composition was calculated only from fish that
consumed some prey item (i.e., non-empty stomachs).

Results

A total of 67 Cisco were caught in the spring, and 23 Cisco were captured in the fall (Appendix A).
All Cisco were over 300 mm total length; the average age was 4.8 years with a range of 1 to 9 years. Of
the Cisco captured, 97% were mature, and there was not a recognizable difference in percent maturity
from spring to fall. Overall, 6.7% of all stomachs were empty. There was a slight difference between
the spring and fall samples, with a higher percentage of empty stomachs observed in the spring (7.5%)
compared to the fall (4.3%).

In the spring sample, the Cisco consumed an average of 3.76 g Round Goby, 0.02 g Threespine
Stickleback Gasterosteus aculeatus, 0.01 g Rainbow Smelt, 0.40 g Diptera, 7.31 x 10* g larval
Ephemeroptera, and 4.48 x 10° g Amphipoda. The Cisco sampled in the fall consumed an average
of 2.61 g Alewife, 0.20 g Round Goby, 0.64 g spiny waterflea, and 4.78 x 10* g Diptera (Figure 2).
Cisco diet compositions during spring were 89.64% Round Goby, 9.63% Diptera, .48% Threespine
Stickleback, .02% Ephemeroptera larvae, 0.24% Rainbow Smelt, and 0.00% Amphipoda. In the fall,
Cisco diets were composed of 75.64% Alewife, 18.55% spiny waterflea, 5.80% Round Goby, and
0.01% Diptera.
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Figure 2.—Average + SD ration of Cisco collected in Grand Traverse Bay, Lake Michigan.
Error bars represent standard error. Due to the almost exclusive consumption of Round Goby
and Diptera in the spring and Alewife and spiny waterflea in the fall, spring fish are Round
Goby and fall fish are Alewife. Similarly, data labelled invertebrates are Diptera in the spring
and spiny waterflea in the fall.

In the spring, 9% of the Cisco sampled consumed Round Goby exclusively, 37% consumed Diptera
exclusively, and 36% consumed a combination of both. In the fall, 52% of the sample consumed Alewife
exclusively, 26% consumed only spiny waterfleas, and 13% consumed both fish and invertebrates.
Excluding Diptera, all of the primary food items (Round Goby, Alewives, and spiny waterfleas) are
species that are not native to the Great Lakes.

Consumed prey fish ranged from 23 to 91 mm total length. The length of fish consumed in spring
ranged from 23 to 91 mm and in the fall was 24 to 70 mm. Prey fish consumed by Cisco collected
during the spring were almost exclusively Round Goby, which have wider size ranges than young-of-
the-year Alewives, which were consumed in the fall. Cisco diets showed an increase in both size and
percent composition from spring to fall for young-of-the-year Alewife.

Discussion

Our results showed that Cisco in Grand Traverse Bay shifted their feeding patterns from
predominantly Round Goby and Diptera in the spring to Alewives and spiny waterfleas in the fall.
The Diptera we examined were identified as midge Chironomidae species pupae. The nearly exclusive
consumption of midge pupae and Round Goby highlights that the predominant prey items in the spring
originate from benthic sources (Janssen and Jude 2001; Saether 1979). Alternatively, the primary
prey items consumed in the fall, spiny waterfleas and Alewives, are pelagic (Kerfoot et al. 2011;
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VanderZanden and Rasmussen 1996). If this shift in the habitat of Cisco from the benthic zone in the
spring to the pelagic zone in the fall is consistent and widespread, then it may represent the restoration
of a critical linkage between benthic prey items and pelagic piscivores.

Past literature (Anderson and Smith 1971; Coulas et al. 1998; Brown et al. 1999a; Fitzsimons and
O’Gorman 2006; Link et al. 1995; Link and Hoft 1998) has documented that Cisco primarily consume
plankton and invertebrates. However, the Cisco that we sampled exhibited different dietary preferences
than what has historically been documented from earlier Great Lakes diet studies. Currently, Cisco
encounter a very different food web than what existed before the population collapsed in the 1960s.
After the collapse, several nonnative species became abundant in Lake Michigan, including Alewife,
Round Goby, and spiny waterflea (Lehman 1987; Madenjian et al. 2002; Wells and McLain 1973), all of
which were abundant in the diets of the Cisco we observed. The predominance of nonnative prey items
suggests that Cisco in Grand Traverse Bay were able to adapt their feeding strategy to take advantage
of food web changes in Lake Michigan. The diversity of prey types consumed, the low percentage of
empty stomachs, and the large range in sizes of prey fish in our study indicate that this adaptation has
resulted in abundant prey options for Cisco in Grand Traverse Bay.

The adaptation of Cisco to nontraditional food sources raises some questions relating to the Lake
Michigan fish community. It is unknown whether Cisco choose nonnative prey items because they are
more abundant, or if Cisco would select traditional native prey items if they were equally abundant
to nonnative prey. Additionally, our study cannot provide conclusive information regarding the role
of Cisco in the fish community. The results from this study are based on limited sample sizes from
one year, with data gaps between the spring and fall and also during winter months. The low sample
sizes are based on the reality that Lake Michigan Ciscoes are only now showing signs of population
recovery and, even with targeted sampling, Ciscoes are very difficult to sample during the winter and
midsummer months.

More spatially and temporally extensive data would be useful to confirm our observations and
determine if there are other diverse patterns in Cisco feeding ecology. Logistical constraints prevented
us from using optimal methods for conducting a diet study. Active sampling with trawls is recommended
for conducting diet studies, as they provide a more accurate representation of what fish are consuming
at the time of capture and reduce biases resulting from prey digestion. However, successful trawling
requires a high abundance in a specific location, as well as appropriate sampling conditions (e.g.,
bottom type), and was not possible considering the limited knowledge of where Cisco currently exist
in Lake Michigan. Our study is limited to Cisco in Grand Traverse Bay; therefore, we recommend
further investigation to determine if the information collected in this region is relevant elsewhere.
Grand Traverse Bay appears to be a unique area, home to the largest known contemporary population
of Cisco in Lake Michigan. Determination of the characteristics of Grand Traverse Bay that make it a
suitable habitat for Cisco would aid those considering rehabilitation of Cisco in Lake Michigan.

Our preliminary findings suggest that Ciscoes have adapted and integrated into the new fish
community existing in Grand Traverse Bay. Our recommendation to fisheries managers is that they
consider Cisco rehabilitation as a critical link to restoring food web pathways in Lake Michigan;
however, progress towards rehabilitation must be with the understanding that the prey composition
is predominantly nonnative. Additionally, those interested in rehabilitation may consider that since
Cisco can also serve as prey (Zimmerman and Krueger 2009), new pathways of energy transfer may be
created as a result of expansion of the Cisco population in Lake Michigan. Ongoing ecosystem changes
highlight the need for efforts at rehabilitation to use Cisco stocks that can continue to adapt to current
and future changes in the environment.



Acknowledgements

Staff members of the Michigan Department of Natural Resources Charlevoix Fisheries Research
Station assisted us in numerous ways. We thank Patrick O’Neill, Nathan Skop, Wayne Heinzman,
Michael Diefenbach, Jerry Ranville, John Clevenger, and Dillon Ross for assistance with field
collection. Patrick O’Neill assisted greatly with technical support and guidance on lab processing and
aging. We thank Kevin Donner (Little Traverse Bay Band of Odawa Indians) for consulting on Cisco
diet information. This project was funded by the Michigan Department of Natural Resources Game and
Fish Trust Fund.

References

Anderson, E. D., and A. L. Smith, Jr. 1971. Synoptic study of food habits of 30 fish species from
western Lake Superior. University of Minnesota, Minnesota Agricultural Experiment Station,
Technical Bulletin 279, St. Paul.

Baldwin, N. A., R. W. Salfeld, M. R. Dochoda, H. J. Buettner, and R. L. Eshenroder. 2009. Commercial
fish production in the Great Lakes, 1867-2006. Great Lakes Fishery Commission, Ann Arbor,
Michigan.

Brown, E. H., Jr., T. R. Busiahn, M. L. Jones, and R. L. Argyle. 1999a. Allocating Great Lakes forage
bases in response to multiple demands. Pages 355-396 in W. W. Taylor and C. P. Ferreri, editors.
Great Lakes fisheries policy and management: a binational perspective. Michigan State University
Press, East Lansing.

Brown, R. W., M. Ebener, and T. Gorenflo. 1999b. Great Lakes commercial fisheries: historical
overview and prognosis for the future. Pages 307-354 in W. W. Taylor and C. P. Ferreri, editors.
Great Lakes fisheries policy and management: a binational perspective. Michigan State University
Press, East Lansing.

Bunnell, D. B., C. P. Madenjian, and R. M. Claramunt. 2006. Long-term changes of the Lake Michigan
fish community following the reduction of exotic Alewife (4losa pseudoharengus). Canadian
Journal of Fisheries and Aquatic Sciences 63:2434-2446.

Coulas, R. A., H. J. Maclsaac, and W. Dunlop. 1998. Selective predation on an introduced zooplankter
(Bythotrephes cederstroemi) by Lake Herring (Coregonus artedi) in Harp Lake, Ontario. Freshwater
Biology 40:343-355.

Elliott, R. F., P. J. Peeters, R. J. Hess, M. P. Ebener, J. T. Francis, R. W. Rybicki, G. W. Eck, P. J.
Schneeberger, and C. P. Madenjian. 1996. Conducting diet studies of Lake Michigan piscivores —
a protocol. U.S. Fish and Wildlife Service, Green Bay Fishery Resources Office, Report 96-2, New
Franken, Wisconsin.

Eshenroder, R. L., and M. K. Burnham-Curtis. 1999. Species succession and sustainability of the Great
Lakes fish community. Pages 145-184 in W. M. Taylor and C. P. Ferreri, editors. Great Lakes
fisheries policy and management: a binational perspective. Michigan State University Press, East
Lansing.



Fitzsimons, J. D., and R. O’Gorman. 2006. Status and assessment, research, and restoration needs
for Cisco in the Great Lakes. Department of Fisheries and Oceans, Canadian Technical Report of
Fisheries and Aquatic Sciences 2638.

Holcombe, T. L. 1996. Bathymetry of Lake Michigan. World Data Center-A for Marine Geology &
Geophysics, National Geophysical Data Center, United States, & Great Lakes Environmental
Research Laboratory.

Janssen, J., and D. J. Jude. 2001. Recruitment failure of Mottled Sculpin Cottus bairdi in Calumet
Harbor, Southern Lake Michigan, induced by the newly introduced Round Goby Neogobius
melanostomus. Journal of Great Lakes Research 27:319-328.

Jearld, A., Jr. 1983. Age determination. Pages 301-324 in L. A. Nielsen and D. L. Johnson, editors.
Fisheries Techniques. American Fisheries Society, Bethesda, Maryland.

Kerfoot, W. C., F. Yousef, M. M. Hobmeier, R. P. Maki, S. T. Jarnagin, & J. H. Churchill. 2011.
Temperature, recreational fishing and diapause egg connections: dispersal of spiny water fleas
(Bythotrephes longimanus). Biological Invasions 13:2513-2531.

Koelz, W. 1929. Coregonus fishes of the Great Lakes. U.S. Bureau of Fisheries Bulletin 43:297—-643.
Lehman, J. T. 1987. Palearctic predator invades North American Great Lakes. Oecologia 74:478—480.

Link, J. and M. H. Hoff. 1998. Relationships of Lake Herring (Coregonus artedi) gill raker characteristics
to retention probabilities of zooplankton prey. Journal of Freshwater Ecology 13:55-65.

Link, J., J. H. Selgeby, M. H. Hoff, and C. Haskell. 1995. Winter diet of Cisco (Coregonus artedi) in
western Lake Superior. Journal of Great Lakes Research 21:395-399.

Madenjian, C. P., R. O’Gorman, D. B. Bunnell, R. L. Argyle, E. F. Roseman, D. M. Warner, J. D.
Stockwell, and M. A. Stapanian. 2008. Adverse effects of Alewives on Laurentian Great Lakes fish
communities. North American Journal of Fisheries Management 28:263-282.

Madenjian, C. P., G. L. Fahnenstiel, T. H. Johengen, T. F. Nalepa, H. A. Vanderploeg, G. W. Fleischer,
P. J. Schneeberger, D. M. Benjamin, E. B. Smith, J. R. Bence, E. S. Rutherford, D. S. Lavis, D.
M. Robertson, D. J. Jude, and M. P. Ebener. 2002. Dynamics of the Lake Michigan food web,
1970-2000. Canadian Journal of Fisheries and Aquatic Sciences 59:736—753.

Madenjian, C. P, E. S. Rutherford, M. A. Blouin, B. J. Sederberg, and J. R. Elliott. 2011. Spawning
habitat unsuitability: an impediment to Cisco rehabilitation in Lake Michigan? North American
Journal of Fisheries Management 31:905-913.

Saether, O. A. 1979. Chironomid communities as water quality indicators. Holarctic Ecology 2:65-74.

Scott, W. B. and E. J. Crossman. 1973. Freshwater fishes of Canada. Bulletin 184. Fisheries Research
Board of Canada, Ottawa, Ontario.

Smith, S. H. 1964. Status of the deepwater Cisco populations of Lake Michigan. Transactions of the
American Fisheries Society 93:155-163.

Smith, S. H. 1970. Species interactions of the Alewife in the Great Lakes. Transactions of the American
Fisheries Society 99:754:765.



Stockwell, J. D., M. P. Ebener, J. A. Black, O.T. Gorman, T. R. Hrabik, R. E. Kinnunen, W. P. Mattes,
J. K. Oyadomari, S. T. Schram, D. R. Schreiner, M. J. Seider, S. P. Sitar, and D. L. Yule. 2009.
A synthesis of Cisco recovery in Lake Superior: implications for native fish rehabilitation in the
Laurentian Great Lakes. North American Journal of Fisheries Management 29:626-652.

Todd, T. N., and G. R. Smith. 1992. A review of differentiation in Great Lakes Ciscoes. Polskie.
Archiwum Hydrobiologii 39(3-4):261-267.

VanderZanden, M. J., and J. B. Rasmussen. 1996. A trophic position model of pelagic food webs:
impact on contaminant bioaccumulation in Lake Trout. Ecological Monographs, 66(4), 451-477.

Wells, L., and A. L. McLain. 1973. Lake Michigan — man’s effects on native fish stocks and other biota.
Great Lakes Fishery Commission, Technical Report 20, Ann Arbor, Michigan.

Wesley, J. K. 1996. Age and growth of Chinook salmon in Lake Michigan: verification, current analysis,
and past trends. Michigan Department of Natural Resources, Fisheries Research Report 2029, Ann
Arbor.

Zimmerman, M. S., and C. C. Krueger. 2009. An ecosystem perspective on re-establishing native
deepwater fishes in the Laurentian Great Lakes. North American Journal of Fisheries Management
29:1352-1372.

Ji X. He, Reviewer

Scott K. Hanshue, Reviewer

Todd C. Wills, Editor

Alan D. Sutton, Graphics

Ellen S. Grove Desktop Publisher Approved by Gary E. Whelan

10



M 9160795 ¥T oS8 M WTE08'0S VT oS8

‘N WTO0T'LT WS ot ‘N u890€°61 7S ob¥ 4! 9 v sl 14 I'¢ ed  v10T/v1/01 8
M WCSTTT ST oS8 M 956G .ST oS8
‘N WCTILL'ST WS obb ‘N WWIEY LT S obb 14! L 144! 9y I'¢ Ied  ¥10¢/¥1/01 L 1%
M w888 1T WT oS8 M ITEEYT FT oS8
‘N u8LS L LS ob¥ ‘N WELE'S LS obb [4 I v sl 0'1c ¢¢l ed  ¥10T/¥C/6 9
M OTEEVT VT oS8 M WCILT L T oS8
‘N WELES LS obb ‘N WTS6L Y LS ob¥ 8 14 144! gcr L9 ed  ¥10T/¥C/6 S
M WTILT L T oS8 M W9LTY LS €T oS8
‘N WTS6LY (LS b ‘N u808°T LS otb 1% (4 ¥Csl L9 v9 Ired  v102/vC/6 4
M W9LTILS (€T oS8 M WSLT 6V €T oS8
‘N u808°T \LS ob¥ ‘N uw90TH 0 \LS obP 0 0 144! 9 9 [red  v102/¥¢/6 € 3
M WP606°LT FT oS8 M W8E10°0 FT oS8
‘N w99€'S€ 95 ob¥ ‘N WwTH0T'8T 9S ob¥ (4 € CTLSY 6L (% Ired  ¥102/91/6 (4
M 8S60°8 T oS8 M WOYPSYSE €T 058
‘N uTT96'6T 0 oSt ‘N WTSY8'€S 0 oSt L1 L9 T6ITT 891 0¥ Suuds  plo7/€r9 1 [4
pus Jae)s ANdD  (Usy Jo #) (wr) pus  1IE)S  UOSBOS areq 1N g
S91eUIPIO0)) yoye) 1013 d (w) pda(q

‘19U [[13 JOo WSOE/USY ST gNdD “Apmis sy 10] paimdes 09S1) 10} UOIBWLIOJUL UONI[[00 P[AI{—V xipuaddy

11



	Introduction
	Methods
	Study Area
	Field Collection
	Diet Analysis
	Age Determination

	Results
	Discussion
	Acknowledgements
	References



