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1.0  Introduction



The purpose of this section is to provide a description of fish and fish habitat values and anticipated future trends/risks that are expected to occur in the absence of the Lillooet Land and Resource Management Plan. 



The chapter is organized into 6 main sections with the first section consisting of an introduction, providing the purpose of the chapter and the second section outlining current limitations of the information included in this draft report. The third section is a description of fish distribution and abundance, while the fourth section provides background, current status and anticipated future trends/risks relevant to fish habitat issues in the Lillooet Plan Area.  The fifth section is a review of recreational fishing values in the Plan Area.  The 6th section is a review of water resource values in the Lillooet Plan Area.



2.0  Limitations



It is intended that further data be incorporated into the next draft of the Base Case report, when it is available from government agencies.  Included in this is the compilation of an accurate, up to date fish distribution map targeted for Summer 2000.  Forthcoming information for the fisheries section is listed below:

Current fisheries inventory map, verified by government agencies and available in digital form.

Future Trends for salmon stocks within the Plan Area

Area statistics for fish bearing streams and lakes identifying the kilometers of known salmonid habitat according to resource management emphasis zones. 

the kilometers of known bull trout habitat according to resource management emphasis zones.

Number and area of undeveloped fish bearing watersheds

Road density (km road/km2 of watershed) information to determine the current amount of road development.  Will be available through Tony Hamilton by the beginning of June 2000

List of watersheds where water quantity is a concern

List of watersheds where water quality is a concern

Map of licensed water intakes and water allocation for the Lillooet plan area

Watershed Assessment Threshold Matrix table identifying the current hydrological status of sub-basins within the Lillooet Plan area

�

3.0  Fish Distribution and Abundance



The Lillooet Plan Area supports a diversity of fish species including 5 species of anadromous salmonids: sockeye (Oncorhynchus nerka), chinook (O. tsawhytscha), coho (O. kisutch), pink salmon (O. gorbuscha) and steelhead trout (O. mykiss) (Fig 1).  Other important resident salmonids produced in the Plan Area include bull trout (Salvelinus confluentes), Dolly Varden char (S. malma), rainbow trout (O. mykiss), lake trout (S. namaycush), brook trout (S. fontinalis), and kokanee (O. nerka).  Other fish species produced in the Lillooet Plan Area include white sturgeon (Acipenser transmontanus), Pacific lamprey (Lampetra tridentatus), and several species of whitefish, dace, suckers, shiners and minnows (see Appendix). 



3.1  Salmon



3.1.1  Background and Current Status



Four salmon species (coho, sockeye, pink, and chinook) are produced within the Lillooet Plan Area (Komori 1997a, b, and c).  Pink are the most abundant salmon species in the Plan Area with average annual escapements of over 450,000 and a maximum historical escapement of over 1.6 million.   Sockeye are the second most abundant species with average escapements of almost 10,000 between 1981-1992).  Coho and chinook stocks are also present in the Plan Area in approximately equal numbers, having an average escapement of 750 fish between 1981-1992. 



Pink



Pink are the most abundant salmon species found in the Lillooet Plan Area. Bridge/Seton pink stocks represented approximately 6.8% of the average Fraser River pink escapement of 6.5 million fish between 1981-1991 (Schubert et al 1997). The majority of pink are produced in the Seton River and to a lesser degree in the Bridge River.  Pink escapement to the Seton River between 1981-1992 averaged 384,000 and pink returns to the Bridge River averaged 48,000.  Smaller pink salmon runs also return to Portage River and Cayoosh Creek with average escapements between 1981-1992 ranging between 10,500 and 11,500 fish.  



During the early 1900s, a total of 28 million pink salmon spawned annually in Seton Creek, Thompson River and Nicola River drainages.  However in 1913, the Hell’s gate rockslide completely blocked access upriver and significantly reduced the Fraser pink run.  In 1946, the construction of the Hell’s Gate fishway restored passage through the Fraser Canyon.  Pink stocks were further rebuilt in Seton Creek during the 1960s by construction of two spawning channels in compensation for loss of historical spawning habitat resulting from construction of the Seton Dam and Cayoosh Creek diversion (Fretwell 1989).

�Figure �seq Figure \* Arabic �1�.  Known Fish Distribution in the Lillooet Plan Area 

(Preliminary, DRAFT map).



	�Pink escapement to the Bridge/Seton watersheds has shown an increasing trend to 1991 when a peak escapement of over 1.5 million fish was observed (DFO 1995b).  Since 1991, pink escapement has been enumerated for the entire Fraser River system as a whole, rather than on a system by system basis.  Odd year pink returns to the Fraser River have been decreasing from a peak of 12.9 million in 1991, down to approximately 3 million fish in 1997 and 1999 (Fig 2).  The declining escapement of pink salmon is thought to be associated with decreasing marine productivity that has resulted in fewer and smaller pink spawners returning to the Fraser River (T. Cone, pers. comm).







�





*1999 escapement values are preliminary

Figure �seq Figure \* Arabic �2�.  Total pink escapement to the Fraser River: 1957-1999 (Schubert et al 1997, T. Cone, pers. comm). 



Sockeye



Within the Lillooet Plan Area, the majority of sockeye spawners return to Portage River with relatively small runs of sockeye returning to the Seton River, Bridge River and Yalakom River.  Between 1981-1992, the average escapement to Portage River was 8,800 spawners with a maximum of over 31,000 spawners in 1966 (Hopwo 1994).  The interim spawning escapement goal for the Portage Creek sockeye is 8,000 spawners for all cycle years, indicating that no further increase in Portage Creek sockeye over average escapement values between 1981-1992 (DFO 1995a) is targeted.   Although there are no directed commercial or sport fisheries on the Bridge/Seton sockeye stocks, Portage River sockeye are incidentally captured in these fisheries.



The Bridge River and Portage River sockeye stocks show an increasing escapement trend to 1993 with a peak escapement of 6.4 million spawners. Portage River sockeye have been increasing since the construction of the Gates Creek spawning channel by the International Pacific Salmon Fisheries Commission (IPSFC) in 1968.  Since 1993, sockeye returns to the Lillooet Plan Area have been lower, ranging between 1.7 million and 4.4 million spawners annually (Fig. 3).





�

Figure �seq Figure \* Arabic �3�.  Total sockeye escapement to the Fraser River between 1957 to 1999 (Schubert et al 1997).



Coho



The main coho producing system in the Lillooet Plan Area is the Bridge River with an average coho escapement of approximately 400 fish between 1980-1989 (Hopwo 1994).  Between 1990 and 1999, coho escapement was slightly higher and estimated at 575 fish, with two years when the stream was not inspected (DFO 2000).  



Coho escapement to the Portage River averaged 150 fish between 1980 and 1989, again increasing slightly to an average of 238 spawners between 1990-1999 (Hopwo 1994, DFO 1999).  Smaller coho runs of less than 100 fish annually are produced in the Seton River, Yalakom River and Cayoosh Creek (Hopwo 1994).



Escapement numbers are generally related to habitat capability and provide a relative index of stock strength, although other factors such as ocean survival and interception from commercial, sport and Native fisheries can affect the number of fish returning to spawn.  The reliability of escapement data is highly variable, depending on the species, enumeration method used and variations in stream conditions.  For example, the glacial waters of the Yalakom River make it difficult to visually estimate the total number of salmon spawners.   Since 1991, annual enumeration effort for chinook and coho by DFO in the Lillooet area has been reduced in comparison to the stream enumeration program that was in place prior to the mid-1980s.



Chinook



Between 1990-1999, chinook escapement to the Lillooet Plan Area averaged 1087 spawners annually, with the majority (913  fish or 84%) of chinook returning to the Bridge River (DFO 1999).  Small chinook stocks averaging less than 100 spawners annually, are produced in the Seton River, Stein River, Cayoosh Creek and the Yalakom River.  



Overall the Bridge River chinook escapement has shown an increasing trend, with the average annual escapement of 900 spawners during the 1990’s, compared to an average of 500 fish during the 1980’s and 130 fish during the 1970’s (DFO 1999).   Increasing escapement values are the result of decreasing incidental commercial catches of chinook as well as enhancement efforts directed as Fraser River chinook stocks. Historical maximum chinook escapement occurred in 1996 and 1997, when escapement to the Bridge River ranged between 1900 and 1970 fish (DFO 1999).  However, Yalakom chinook have shown a decreasing trend in escapement since the early 1980’s.  There is insufficient chinook escapement information in Cayoosh to determine escapement trends in this system.�



3.2  Freshwater Fish Stocks



3.2.1 Background and Current Status



�tc  \l 3 ""�The Lillooet Plan Area supports a number of freshwater fish species, including steelhead trout, bull trout (blue-listed species), rainbow trout, and white sturgeon (red-listed species) (Appendix A). Other salmonid species include rocky mountain whitefish and possibly lake whitefish (Coregonus clupeaformis) (Maricle 1996).  In addition, kokanee are resident to Anderson, Seton, Carpenter, Downton and several other smaller lakes within the Plan Area.  Dolly Varden char are also thought to be present in the Lillooet Plan Area, but their identification is often confused with bull trout.  There are ongoing genetic studies attempting to define the distributions of these 2 species.  



Trout, char, kokanee and other fish species are widely distributed throughout the Plan Area.  However, information on the abundance of trout and char species is limited to steelhead escapement estimates in the Bridge River.  In general, the distribution of kokanee is known whereas distribution information for rainbow trout and bull trout is incomplete (Maricle 1996).  



Bull trout



Bull trout are widely distributed throughout the Lillooet Plan Area with known bull trout populations identified in Duffey Lake and associated tributaries, Tyaughton Creek, Tyaughton Lake, Gun Lake/Lajoie Lake and tributaries, and the Yalakom River (Fig 1).  Many other bull trout populations exist but have not been documented to date (Maricle 1996).  A review of recently collected fish inventory data will provide a more accurate distribution of bull trout stocks in the Lillooet Plan Area. 



Bull trout are characteristically a long-lived species, and a 25-year-old bull trout (75-cm) was captured in the North Thompson (Maricle 1996).  They are late to mature and reach sexual maturity at 4 to 7 years of age (Skeesick 1989).  Bull trout spawn in September/October during declining water temperatures and in a Washington study, spawning intensity peaked at night, in water temperatures of 5 to 6 Celsius (Skeesick 1989).  Emergence occurs after 223 days in late April or May. Juvenile bull trout have specific habitat requirements and juveniles less than 100 mm are bottom dwellers and require shallow, slow backwater side channels or eddies.  Yearling juveniles are found in deeper, faster waters than young of the year (Skeesick 1989). Bull trout are sensitive to temperature and do not regularly tolerate water temperatures exceeding 18 Celsius (Skeesick 1989).



Bull trout have three different life history strategies: resident: fluvial and adfluvial. Resident bull trout populations occupy headwater streams and are usually isolated from other fish populations by some type of physical barrier (Skeesick 1989).  These isolated resident stocks often survive in cold headwater streams that are characterized by low productivity and a short growing season.  As a result of these environmental conditions, these stocks tend to mature at an early age and are reduced in size and age (Skeesick 1989, Maricle 1996).   Adults from fluvial populations are found in rivers and larger streams and will migrate up to 225 kilometers to spawn in smaller tributaries.  Adfluvial stocks live mainly in lakes or reservoirs and may also undergo extensive spawning migrations. 



Bull trout are distributed throughout the Yalakom River mainstem to headwater areas (Griffith 1995). The fluvial bull trout populations spawn at Moose Flats and Beaverdam Flats and at 3 to 4 years of age, they migrate into the Bridge River and Fraser River to feed (Maricle 1996).  In the Yalakom River, bull trout stocks have been identified by BC Environment as a conservation concern and production is limited primarily by pressure from sportfishing (Griffith 1995).  As a result, fishing regulation for 1996 have been reduced from 2 fish day (any size) to 1 fish per day greater than 60 cm (Maricle 1996).



Dolly Varden char



Dolly Varden are the most widely distributed salmonid in B.C. most often reside in rivers, lakes and remote headwater creeks (Carl et al 1977).  They generally spawn in the fall between mid-August and early November.  The first age of maturity is variable and may not occur until they are in their fifth year and/or approximately 20 inches long (Carl et al 1977).  Dwarf headwater 

populations mature at a smaller size and often reach a maximum length of 12 inches.  Both anadromous and resident populations of Dolly Varden may occur in the Plan Area (FHIIP 1992).



Steelhead/Rainbow trout



Steelhead and rainbow trout differ in morphology and their tendency towards being anadromous or resident species.  Steelhead trout are anadromous whereas rainbow trout are resident.  Adult steelhead remain in fresh water for 2-3 years and return to spawn after 2-3 years at sea (Hart 1973).  Unlike salmon, steelhead may return to spawn a second or third time.



Rainbow trout are widely distributed throughout the Plan Area and populations have been verified in headwater areas of Cayoosh Creek, Slim Creek, Tyaughton Creek and the Yalakom River.  Large rainbow trout up to 2.5 kilograms are known to migrate into Portage Creek from Anderson and Seton Lakes to spawn (FHIIP 1988). 



Bridge River steelhead are a summer run stock which migrates into the Fraser during late summer/early fall and overwinter in the Fraser River.  They migrate into the Bridge River during high spring flows and spawn from late March to early June (Hebden 1981).  Approximately 65% of the Bridge River steelhead spend 2 years rearing in freshwater afterwhich they migrate to sea and return to spawn as 4 year olds.  The remainder spend an extra year in freshwater and return as 5 year olds (Hebden 1981). Approximately 50-200 steelhead spawn in the Bridge River annually and this stock has been identified as a conservation concern by BC Environment (Hebden 1981, Maricle 1996).  



The Yalakom, lower Bridge River, Seton River and Cayoosh Creek also provide suitable habitat for steelhead within the Plan Area.  In the Yalakom River, steelhead utilize most of the mainstem river and are believed to pass over the partial barrier during early spring flows.  In the Bridge River, steelhead spawn throughout the system (Maricle 1996, FHIIP 1992, Stewart and Matthew 1984). The presence of steelhead in Cayoosh Creek is documented but no steelhead above the dam have been observed (Groves and Higgins 1995).  During the spring of 1995 and 1996, fourteen steelhead were radiotagged by B.C. Hydro to determine the destination of migrating adults (Maricle 1996).  Study results identified that twelve steelhead moved into the Bridge River system to spawn, of which one spawned in the Yalakom River (Maricle 1996).   Seton River steelhead is also summer run stock, but the run is almost extinct.



Kokanee



Kokanee are resident sockeye salmon that have diverged from an anadromous life history to a freshwater existence (Burgner 1991).  A second form of kokanee are “residual” sockeye which are progeny of anadromous parents (Burgner 1991). Resident forms are smaller (18-30 cm) than anadromous stocks and spawn during the fall in streams or along the shoreline of lakes.



Kokanee are found in most large lakes and reservoirs within the Plan Area.  Kokanee populations have been documented in Anderson Lake, Seton Lake, Birken Lake, Carpenter Lake, Downton Lake and Gun Lake.  Kokanee spawn in Portage Creek, the outlets of Downton Lake, Gun lake and La Joie Lake and along the shores of Carpenter Lake (FHIIP 1992).



3.2.2 Anticipated Trends 



Steelhead and bull trout stocks are two species of fish that are at risk by various resource development activities.�  Wild stocks of rainbow trout and whitefish are also at risk especially those populations inhabiting small streams.  



The only non-“salmon” species for which there has been continual monitoring of abundance trends is steelhead.  However, the trend information available is not specific to stocks within the LRMP (Bridge/Yalakom, Seton/Cayoosh and Stein), but generally apply to the group of interior Fraser steelhead stocks.  All of the interior stocks migrate into the Fraser River between early September and December. 



Briefly, Interior Fraser Steelhead along with other steelhead populations in southern BC and the north western United States have undergone a recent decline from about the late 1980’s to present.  Evidence indicates that declines in ocean survival are the primary cause and that the magnitude of the decline has be in the order of about 4 fold.  While extinction of some steelhead populations on the East Coast of Vancouver Island seems likely in the near future, it is not yet clear if populations in the Interior are below replacement levels in terms of their stock-recruitment relationships.  Optimistically, productivity appears marginal at best with spawning populations producing similarly sized returns of adults.  Populations occupying degraded habitats should theoretically be the least resilient and the most likely to be below replacement.  Degraded steelhead habitat within the Lillooet Plan Area is located in the Bridge River below Terzaghi Dam, Seton River and Cayoosh Creek below the hydroelectric power facility. 



Although no trend data are available for bull trout within the Lillooet LRMP specifically, anecdotal information and broad geographic abundance patterns suggest that bull trout populations are generally depressed in streams south of the Chilcotin River.  BC Environment, Fisheries Branch propose that management recommendations in the Bull Trout Identified Wildlife Guidebook be adopted by the Lillooet LRMP in order to sustain bull trout populations.  This guidebook takes into account access development, habitat requirements and addresses the sensitivity of this particularly vulnerable char stock.



Little information exists on wild rainbow trout stock trends.  Overall fishing effort on wild stock lakes is light with the only exception being Spruce Lake.  Stocked lakes within the Plan Area appear to be supporting existing angling effort although no current angler use estimates are available.  Similar data gaps exist for kokanee in Carpenter and Seton lakes and Rocky Mountain Whitefish within major streams and rivers.



3.3  White Sturgeon



3.3.1  Background and Current Status



The largest known population of white sturgeon (Acipenser transmontanus) in B.C. is found in the Fraser River (Echols 1995). This species is also suspected to be present in Seton and  Anderson Lakes.  Another smaller species known as the green sturgeon (A. medirostris) is also found in the lower Fraser River but identification between the two species is difficult (Echols 1995).  Sturgeon are a long-lived species reaching over 100 years of age and 6 meters in length.



Sturgeon has been an important Native and commercial species since the 1800’s and has been fished by the sports fishery since the 1960’s (Echols 1995).  However, by 1991, white sturgeon were declared “vulnerable” according to the Status of Endangered Wildlife in Canada listing and classified as a “red listed endangered species: by the Ministry of Environment, Lands and Parks (Echols 1995).  By 1994, DFO and BC Environment were concerned with the effectiveness of regulations alone to conserve the sturgeon population in the Fraser River and imposed a retention ban on the harvest of sturgeon.  All commercial and recreational fisheries in the Fraser river must release all sturgeon in accordance with the 1994 retention ban and aboriginal fisheries in the Fraser River have agreed to a voluntary release of sturgeon (Echols 1995).  



BC Environment has just completed 3 years of sturgeon population assessment work in the Fraser River.  The Fraser River mainstem within the Lillooet Plan Area is the most productive sturgeon habitat in the Fraser River upstream of Hells Gate (T. Down, pers. Comm.). Current productivity is based on the population estimate for the area as well as a high catch per unit effort during the study.  The minimum population estimate for sturgeon from approximately Boston Bar to the Bridge River is 1896 fish (95% confidence interval = 1521-2518) based on fish size large enough to be captured by the gear used (T. Down, pers. Comm). This reach provides good rearing habitat for most life history stages of sturgeon and the reach downstream of the Bridge River rapids is suspected to provide spawning habitat for sturgeon (T. Down, pers. Comm).  



Studies have suggests a relatively stable population of White Sturgeon within the Plan Area in the mainstem of the Fraser River.  Based on the population structure, the stock is relatively healthy and is not suffering from recruitment failure.  The adult population in not large and is likely below capacity.  



Current recreational fishing regulations of catch and release will be maintained in order to sustain the existing sturgeon population.  The amount of population mixing between lower, mid and upper Fraser River sturgeon stocks has not yet been determined.  Very restricted access to the river and class 4 and 5 white water has to date, kept the kept angler effort low, however, there are several licensed angling guides on the Fraser River who target these fish (Chan 2000).  Increasing access to the river will increase the potential for illegal fishing for sturgeon.



3.3.2  Anticipated Trends



The impact of development activities on sturgeon populations within the Fraser River is difficult to measure due to the accumulated affects of upstream development activities on sturgeon stocks within the Lillooet Plan Area.  However, resource related impacts on sturgeon populations remains a concern to provincial fisheries managers (Chan, 2000).  With conservative management and maintenance of the existing good quality habitat in the mainstem Fraser River, sturgeon populations are expected to be sustained or increase over time (T. Down, pers. comm).  



The most critical factor for the populations within the mainstem of the Fraser is continued limited access to this area, to maintain low fisheries and poaching pressures. Increased access is expected to negatively impact the population as it has in downstream areas where access has increased. Within the Plan Area, the importance of, and appropriate management for white sturgeon in  Seton and Anderson lakes will depend on whether this species inhabits these lakes. 

�

4.0  Fish Habitat 



The purpose of this section is to provide background information regarding past impacts of resource development on fish habitat as well as a description of the current status of freshwater fish habitat within the Lillooet Plan Area.  Also included in this section is a description of anticipated risks to fish values in each Base Case Resource Management Zone category (see Section 1.1 of Part A: Socio-economic Base Case).



4.1  Fish-bearing Lakes



4.1.1  Background and Current Status



The BC Environment database lists 230 lakes within the Plan Area, but ongoing field reconnaissance, fish inventories and habitat assessment projects completed within the last 5 years indicate that there are probably about 300 waterbodies present in the Plan Area (Chan 2000).  Although several lakes are singled out in the following discussion, these lists are neither exhaustive nor complete and ongoing inventory and assessment work will better determine the distribution of fish stock and the habitat potential within the Plan Area.



It is estimated that 65% of the lakes within the Plan Area are high elevation, many of these will be barren of fish life (Chan, 2000).  There are 26 lakes within the Lillooet Plan Area have been or are currently stocked by B.C. Environment (Chan, 2000).  There are most likely numerous currently barren lakes that would support fish life.  BC Environment has priorized lake inventory programs are a priority for the Lillooet Plan Area.  



Many of the lakes are fish-bearing, with naturally occurring assemblages of trout or whitefish as well as fish species that are not the usual target species of anglers such as: suckers, squawfish, sculpin, dace and shiners.  Lakes in the Plan Area that are believed to contain wild populations of fish include Schraeder, Spruce, Swartz, Grizzley, Noaxe, Burkholder, Kwoiek, and Duffey.  Several areas or specific lakes have the potential for successful stocking of sportfish species to support the recreational activities.  The list below notes Plan Area lakes that have been stocked with Rainbow Trout by BC Environment to improve the recreational angling opportunities.



Table �seq Table \* Arabic �1�.  List of lakes stocked with Rainbow Trout in the Lillooet Plan Area.



Stein�Bobb�Kwotlenemo�Keary��Botanie�Tyaughton�Carol�Noel��Turnip�Mowson�Pavilion�Mead��Pasulko�Gun*�McDonald�Gwyneth��Moon�Pearson Pond�Plateau Pond�Wildbull��Serpentine�Lajoie�Lac la Mare�Kingdom��Marshall���Siwhe��*Gun Lake is also stocked with Kokanee



Other known trout-bearing lakes include: Molybdenite, Ault, Liza, Brett, Anderson, Retaskit, Sucker, Noaxe, Mud and La Rochelle lakes but the origin of these fish is unknown. 



Shulaps, Sprucehill, Peridotite, West Horse and Cabin lakes are listed as having potential for stocking.  As well, several general areas have been identified where the lakes have the potential for successful stocking efforts.  These areas include:



lakes in the Cayoosh Range, south of Anderson Lake

lakes in the Bobb Creek Watershed

lakes in the Cadwallader River headwaters

lakes in the Stein River headwaters



Rainbow trout, bull trout, mountain whitefish and introduced kokanee inhabit Carpenter Lake.  Downton Lake is turbid due to glacial sediments, which limits the productivity of the rainbow trout, kokanee and mountain whitefish known to inhabit its waters. Bull trout are believed to be present in the Downton Lake watershed. Kokanee are known to spawn in the tributaries of Downton, Gun, Lajoie and Carpenter lakes (Komori, 1997c). Bull trout, rainbow trout and kokanee fisheries are present at Seton Lake and Anderson Lake. Sturgeon are suspected to be present in Seton Lake and unconfirmed in Anderson. Other lakes with known populations of bull trout include Spruce, Gun, Duffey, and Kwoiek. Overfishing of some lakes (e.g. Kwoiek) compounded by lack of funding for fishing regulations enforcement may have led to lowered stocks of sport fish (Triton Environmental Consultants, 1992).



Rainbow trout are common in all stream systems throughout the Lillooet Plan Area. Known bull trout systems are limited to Kwoiek, Stein, Cayoosh, Bridge, Gun, Spruce, Texas, Seton, Thompson, Yalakom and Fraser. The Bridge, Seton, Stein, Thompson and Fraser rivers also support wild steelhead populations. Sturgeon are known to be present in the Seton and Fraser rivers.



4.1.2 Anticipated Future Trends

�advance \d12��tc  \l 212 ".6	Remote Lakes"�Remote lakes particularly in the alpine areas provide a specific type of fishing experience, which is valued by many anglers.  Access is by air, on horseback or on foot.  The quality of the fishing experience is dependent on few signs of human presence (e.g. no motorized boats or vehicle access) and limited visitors. Many of these fisheries are sustained by wild fish populations, further emphasizing their unique status and need for special management considerations. Some guides in the Plan Area are concerned about development of remote lakes leading to loss of the wilderness experience.  As these lakes grow more popular, access management planning will be required to maintain their pristine qualities.

�

4.2	Fish Bearing Streams



4.2.1  Background and Current Status



�tc  \l 212 ".7	Specific Habitat Protection Issues"�Hydroelectric development has had the single, largest impact on fish and fish habitat within the Lillooet Plan Area to date and continues to be a significant resource development activity in the Bridge/Seton watersheds (Komori 1997c).  Access to 90 kilometers of anadromous fish habitat upstream of the outlet of Carpenter Lake was eliminated by construction of a dam in 1948.  The dam at the outlet of Carpenter Lake also dewatered 5 km of the Bridge River but after August 2000, the previously dewatered fish habitat will be wetted by a flow release of 3 cms at the Terzaghi dam. 



The Timber Harvesting Land Base represents approximately 26% of the total 1.1 million ha. Lillooet Plan Area.  Impacts of forest harvesting to fish habitat can occur at the watershed level and include changes to peak flows, drainage patterns, channel morphology and/or sediment loads.  At lower levels of development, site specific impacts including road encroachments, slope/road failures into the stream channel or riparian degradation can occur. The extent of impacts of forestry development on fisheries values in the Plan Area requires further assessment at the sub-basin level by application of the Watershed Assessment Procedure. 



Railway and highway maintenance, which results in tracks, ties and other debris being discarded into lakes and rivers, has been identified as having significant impacts on the resource (Komori, 1997c).  Increased sedimentation from a variety of activities can fill in and cover stream substrates reducing aquatic invertebrate productivity, smother fish eggs incubating in the gravel, or irritate and damage the gills of fish inhabiting the stream. 



Road construction providing access into throughout the Plan Area has the potential to negatively affect sensitive fish habitat and fish stocks.  Access issues that affect recreational fisheries and wild fish stocks include the development of industrial roads (forest harvesting, mining) which pass within close proximity of sensitive waters or watersheds.  A typical example may be a forest harvesting road that is built near a small wild stock rainbow trout or bull trout lake whose access to date has been by walk-in.  Even with significant changes to recreational fishing regulations these stocks are in danger of over-harvest and population collapse due to illegal fishing activities.�  



Uncontrolled road access near bull trout pre-spawning or over-wintering areas is also a major concern as these fish stocks can be easily fished out even when fishing regulations are followed. Again, planned development within known sensitive reaches of a given stream is crucial to protecting these threatened fish stocks.

�

Table �seq Table \* Arabic �2�.  Amount of known Bull Trout Habitat in each Base Case Management Zone category.



Base Case Management Zone Category�Forested Exclusions

(ha)�Non-forested Exclusions

(ha)�Timber Harvesting Land Base (THLB) (ha)1�Total

Habitat (ha)�%  of Total in each MZ Category��Existing Protected Area�601 �1 651�0�2 252�1.3%��Retention/Partial Retention VQO�9 998�12 104�8 481 

(5%)�30 581�18%��Additional Constraint Areas�6 564�20 450�8 766 

(5%)�35 780�21%��Basic Resource Management�19 270�68 057�11 624 

(7%)�98 959�58%��ALR/Settlement�1 082�422�223

(0.1%)�1 729�1%��Total Bull Trout Habitat (known watersheds)

(% of total)�37 515

(22%)�102 684

(61%)�29 094

(17%)�169 292

(100%)�100%���advance \d12�Source: MoF GIS database, 1999 (from mapping provided by BC Environment).

1 The bolded percentages show how much overall habitat in each zone category is within the THLB.



The GIS area statistics in Table 2  indicates there are 169,292 ha of “known bull trout habitat” in the Plan Area. In addition there is another 291,333 ha of “suspected bull trout habitat” for a total of total of 460,625 ha of potentially suitable bull trout habitat. Of the known bull trout watersheds, over half (58%) of the total bull trout habitat identified is allocated to the Basic MZ, with the majority of remaining habitat allocated to the Additional Constraint Areas and VQO MZs.   About 17% of overall bull trout habitat overlaps with the present Timber Harvesting Land Base.



4.2.2  Anticipated Risks and Future Trends



Anticipated risk levels associated with the designated Base Case Management Zone categories in the Lillooet Plan Area have been determined (Table 3). The risk level to fish values, assumptions and a description of the anticipated risks are discussed in the following section as well as Table 3.  



As outlined for terrestrial values in Part B: Environmental Base Case (Biodiversity / Wildlife), risk is defined as “the probability or likelihood of an adverse event occurring over the short or long term”.  Relative risk levels are based on the current rate of development as well as the sensitivity of fish stocks and habitat values to resource development activities.  With respect to fisheries values, a high risk occurs when there is significant potential for resource development activities to significantly alter existing fish or riparian habitat condition, which can lead to reduced productivity of a given stream or lake system.  A high level of risk has also been assigned when there is potential to extirpate geographically isolated fish species, particularly bull trout stocks due to increased access associated with resource development activities.



In general, it is assumed that risk levels for fisheries values are positively correlated with increasing resource development activities in the Lillooet Plan Area. Protected Areas have the lowest risk level to fisheries values in the Plan Area as fish stocks are expected to remain undisturbed in these areas (Table 3).  In general, ALR/Settlement Lands have a high potential to negatively impact fish values, but the existing amount of ALR and settlement area is very limited in the Plan Area, and therefore a low potential risk level has been assigned.  



Retention and partial retention visual quality objectives (VQOs) and Additional Constraint Areas have risk ratings ranging from low to moderately high (Table 3).  Vehicle restricted access areas have a low risk overall, as they provide improved protection for geographically isolated and sensitive fish populations (Table 3). Concerns associated with increased access into sensitive fish and fish habitat can be addressed by establishing an access management plan for each sensitive fisheries watershed. Signed off access management plans that involve all stakeholders is an effective way of managing access to valuable resources.  Uncontrolled access into sensitive bull trout habitat could result in the extirpation of an isolated bull trout stock as these long-lived (>20 years), late maturing (7-9 years) fish are susceptible to stock reductions due to recreational fishing pressure. 



Local Resource Use Plans (LRUPs) have a low to moderate risk level in comparison to general management forestry areas if additional protection for fish and riparian habitat above the minimum FPC guidelines is provided.  Mule Deer Zones and Community Watersheds promote the use of selection harvesting techniques, as well as higher water quantity and quality standards than basic forestry management area and thereby have a moderate risk level to fish values.  Modification VQOs have a moderate to high risk to fisheries values due to the allowance of 3 pass harvesting and up to 30% of the watershed in a non-greened up state (Table 3).



The overall risk to fish and fish habitat in Basic Management (forestry) zones is considered high in the Plan Area.  Foresty development in this zone uses a standard 3 pass system, with up to 33% disturbance in forest cover as well as application of minimum riparian management guidelines as outlined by the FPC (Table 3).  There has been significant research�  that demonstrates the impacts of logging activity near fish bearing streams.  Moreover, under current FPC harvesting guidelines, riparian protection for small fish bearing streams and non-fish bearing streams that flow directly into fish bearing waters is insufficient to maintain the natural characteristics of stream and riparian ecology.  



To address concerns associated with the impacts of forestry development on fisheries values, DFO and BC Environment have identified 10 fisheries priority watersheds, where the evaluation of watershed level impacts is needed through application of the Watershed Assessment Procedure.  Fisheries Priority Watersheds in the Lillooet Plan Area include: Yalakom River, Kwoiek Creek, Upper Bridge River, Cayoosh Creek, Tyaughton Creek, Texas Creek, Gun Creek, Seton-Portage, Lower Bridge River and French Bar Creek.



The risk level of future impacts from hydroelectric development is moderate within the Plan Area (Table 3).  BC Hydro currently is working in a collaborative process with DFO, BC Environment, First Nations and the public to develop a Water Use Plan (WUP) for the Bridge River and Seton River watersheds.   WUPs are expected to result in better management of water resources for all water users including fish and wildlife, as well as industrial, recreational purposes and First Nations people.  Under an agreement signed in 1998 with the Department of Fisheries and Oceans, modifications to the low level outlet gates at the Terzaghi Dam will allow release of approximately 3 m3/second of water into the lower Bridge River (BC Hydro 1999). Year round continuous flows in the lower Bridge river will help develop more stable populations of invertebrates and allow guaranteed fish access to some of the best spawning and rearing habitat in the system (Chan 2000).  There are unresolved issues surrounding flow releases associated with the management of the reservoir and discussions are ongoing.



The overall risk to fisheries values from mining development in the Lillooet Plan area is moderate (Table 3).  There has been extensive historical hard rock and placing mining exploration and development activities in the Bridge and Seton watersheds.  However, current and anticipated levels of mining exploration are expected to be low and occur on a small scale only.



�tc  \l 212 ".8	Key Issues and Outlook"�In recent years, there have been several new initiatives focused on protection of fish. The new Fish Protection Act provides new tools and measures to protect water flows for fish in all BC streams, and does not allow new dams on rivers designated by the province as significant.  It also provides measures to facilitate local government initiatives and conservation covenants.  New regulations under the Water Act set fish sensitive standards for construction activities in and around streams, but the Water Act does not legislate minimum flow requirements for fish.  



While these measures will help to maintain fish habitat and populations, the combination of limited water supply, increasing urbanization and resource development activities, suggests that pressure populations and habitat will continue.  The sustenance and rehabilitation of fish stocks is also hindered by the lack of a comprehensive fisheries inventory database, as well as the existing impacts of past and current forestry activities on fish habitat - particularly in smaller streams.   





�

Table �seq Table \* Arabic �3�.  Description of anticipated risks to fisheries values associated with each Base Case Management Zone category. 

Base Case  Management Zone Category�Potential Risk Level to Fisheries Values  in Plan Area �Assumptions pertaining to the Lillooet Base Case�Explanation of Anticipated Risk Level to Fisheries Values in the Lillooet Base Case Land Use Regime�� Protected Areas�Low-Very Low�Resource development precluded, future landscape conditions anticipated to change the least. i.e., natural levels of biodiversity potentially maintained. Usually unroaded and undisturbed, wilderness values maintained.�Overall, fish stocks are expected to remain undisturbed in these areas with a low risk overall. ��ALR/Settlement Lands�Moderate 

�The lower-most 7 kilometers of the Yalakom River has sparsely distributed residential and agricultural development 

Agricultural development is present along the Fraser River mainstem on valley wall benches

Limited grazing by commercial operators in the upper Bridge River

Primary communities are Lillooet (pop 1800), Bralorne (<100), Gold Bridge (<100) and 3 First Nations Reserves: Bridge River, Cayoosh and Lillooet.  Total population in Plan Area is approximately 6,000.�Low short-term risk overall in the Lillooet Plan Area as agricultural development and urban development is low throughout the Plan Area.

Risk has the potential to increase to a moderate-high level as ALR/Settlement developments increase.

��Retention/Partial Retention VQOs





�Low – Moderate�Preservation areas netted out of Timber Harvesting Land Base; maximum of 5-15% disturbance (visibly altered) allowed in Retention/partial Retention VQO areas. Low disturbance level results in relatively long rotation intervals and maintains supply of mature and old forest.�Low to moderate risk overall.  

Disturbance areas can be located adjacent to important headwater streams and/or sensitive high elevation fish habitat.  

Clearcutting can still occur within a lakeshore management zone as long as the visual impact is low��Additional Constraint Areas

Mule Deer Zone









Modification VQOs 



�

Moderate









Moderate-to- High�Most mule deer areas managed as basic IRM (3 pass) harvesting regimes. However, where mule deer winter range values and selection management zone overlap, emphasis on selection silvicultural systems (Douglas fir). 





25% maximum disturbance (non-greened up state) for modification VQO; 



�Where selection harvesting techniques are applied, potential impacts and risk level of forest harvesting on watershed hydrology and instream fish habitat values will be reduced.  The overall risk is moderate.

Overall risk to fish and fish habitat in Additional Constraint Areas is moderate – high due to allowance of 3 pass harvesting and up to 30% of the watershed in a non-greened up state.���  



Base Case Management Zone Category�Potential Risk Level to Fisheries Values in Plan Area�Assumptions pertaining to the Lillooet Base Case�Explanation of Anticipated Risk Level to Fisheries Values in the Lillooet Base Case Land Use Regime��Additional Constraint Areas (cont.)



Community Watersheds 





LRUPs 











Vehicle Restricted Access Areas

�





Moderate





Low – Moderate











Low�





20%-30% disturbance (non-greened up state) in Community Watersheds & all streams have a riparian management zone



More coordinated planning expected in LRUPs due to recognition of resource values other than timber  & DFO has recommended increased riparian protection in the Yalakom river where fish bearing streams are managed one level higher than what required in the minimum guidelines outlined by the FPC (i.e., managed S4 streams according to S3 guidelines)



Motorized vehicles for recreational or hunting purposes prohibited (Spruce Lakes and Yalakom Valley above 1920 m)�Moderate risk.  Higher water quantity and quality standards for human use increase the level of protection for fish and fish habitat.

In the Yalakom LRUP, the risk to fish and fish habitat is low to moderate if additional protection above the minimum FPC guidelines is implemented.

In a Lakes Classification LRUP, establishment of a 200 meter lakeshore management zone with management incorporating all resource values can increase protection for fish and fish habitat 

Low risk overall. The risk to bull trout populations is decreased in areas where vehicle access is restricted.  ��Basic/General Management



(Forestry)



�



High�3 pass harvesting; maximum of 33% under green –up (i.e., < 3m); reduced mature and old forest cover (25-50% natural; assuming managed to meet Low/Intermediate BEOs), increasing road network

Site specific impacts include terrain instability, increased sedimentation, channel instability or extensive riparian degradation

Degraded riparian vegetation decreases overhead cover, shade and food for fish, and the longterm supply of LWD for the stream channel

Other priority watersheds that require increased riparian protection include the upper Bridge River, Cayoosh Creek, Tyaughton creek, Texas Creek, Gun Creek, Seton-Portage, Lower Bridge River and French Bar Creek.�Overall risk to fish and fish habitat is considered to be high in the Lillooet Plan Area.  

DFO has identified that the FPC does not adequately protect small fish bearing streams and non-fish bearing streams that flow directly into fish bearing waters.

Top 2 priority watersheds are the Yalakom River and Kwoiek Creek, where proposed management includes increased riparian protection through designation of “Special Management Zones”

The collection of watershed assessment information on priority sub-basins with rate of cut concerns or site specific problems would assist in decreasing the risks to fisheries.

Risks may be very high if enhanced timber production as well as mineral development occurs simultaneously (i.e., cumulative effects).���



Base Case Management Zone Category�Potential Risk Level to Fisheries Values in Plan Area�Assumptions pertaining to the Lillooet Base Case�Explanation of Anticipated Risk Level to Fisheries Values in the Lillooet Base Case Land Use Regime��

Basic/General Management



(Hydroelectric)

�





Moderate�Bridge River is the third largest of B.C. Hydro’s generating facilities and consists of 3 dams, two tunnels and a canal between the Bridge River and the Fraser River via Seton Lake.

To date, hydroelectric development has had the single largest impact of all resource development activities on fisheries resources within the Bridge/Seton HMA.

Impacts to date include destruction of spawning and rearing habitat, reduced productivity of Seton Lake, stranding of all life stages of fish, increased mortality of adults and juveniles at the powerhouse intake screen, tailrace and during passage of juveniles through the Seton powerhouse and dam.

The Bridge River watershed is currently undergoing a Water Use Planning (WUP) Process. Year round continuous flows in the lower Bridge river will support more stable populations of invertebrates and allow guaranteed fish access to some of the best spawning and rearing habitat in the system �Although historical impacts have been high, the future risks are moderate in the Lillooet Plan Area. 

Since 1995, there has been improved efforts to reduce the impacts of spills through greater consultation with DFO/BC Environment, and implementation of conservative ramping rates to reduce stranding fish and dewatering redds

Installation of the cold water release facility at the Terzaghi Dam, with a 3 cms flow release scheduled for August 1, 2000.

Issues between DFO, BC Environment, First Nations and BC Hydro concerning flow release schedules related to management of the reservoir are unresolved, but discussions are ongoing.

��

Basic/General Management



(Mining)�





Moderate�Extensive historical hard rock and placer mining exploration and development activities in the Bridge/Seton watersheds

Potential impacts of gold mining/processing includes release of cyanide, arsenic, sulfate, mercury and heavy metals in the waste waters

Placer mining operations have the potential to significantly disturb channel substrates as well as channel form and bank structure�Overall risk to fish and fish habitat within the Plan Area is currently low.

Mining exploration still occurs on a small scale.

��

�

5.0  Water Resources



�tc  \l 29 ".3	Water Resources"�Water is a crucial component of the Plan Areas ecosystems, as the lakes and rivers and riparian areas associated with these water bodies provide habitat and food for fish and many wildlife species.  Human activities are also dependent on water availability and quality.  Water plays a particularly important role in the Areas agriculture and tourism sectors.  Much of the tourism and recreation sector activities in the Area are water-based, and for agriculture, irrigated crop production and livestock demand water.  Human settlements demand a good supply of clean water for consumption, and the expanding population in the region has increased demands on this resource.  As water is a finite resource, water availability and water quality have the potential to affect regional growth and development.



The climate in the Plan Area is affected by both continental and modified maritime conditions.  There is considerable variation in precipitation from west to east.  In the upper watershed near the Coast Mountains there are thick forests and large icefields and annual precipitation may be around 2000 mm.  Lillooet, in the eastern end of the Plan Area, lies within the dry Interior and has annual precipitation of 300 to 400 mm. (Rood and Hamilton 1995). Lytton’s average annual precipitation is 423 mm/yr.  Due to the semi-arid climate, much of the Plan Area is dependent on the runoff from winter snowpack at higher elevations.  The area in the Coast-Interior Transition (southwest flank) is less dependent on runoff from snowmelt.



The Plan Area contains two major river systems - the Bridge River and Seton River, which flows into the Fraser River on its eastern flank of the Plan Area.  Other significant watercourses are Cayoosh Creek and Portage River (Seton river system); Yalakom River, Tyaughton Creek, Williams Creek and Fergussen Creek (Bridge river system), and the Stein River.  With respect to water management, BC Hydro is the most significant water licensee in the Plan Area, as it regulates water flows and reservoir storage on the Bridge River and Seton River systems by a series of dams and release facilities.



5.1 Water Quantity and Use



�tc  \l 3 "Quantity and Use"�The quantity of water fluctuates within the Area from year to year.  As a general rule, water quantity is sufficient near the Coast-Interior Mountains, and decreases in an easterly direction. Water is available through surface water or ground water, both of which are a Crown resource and the use of surface water is allocated by BC Environment through a water licensing system.  There are approximately 1000 water licenses within the Lillooet Forest District, of which 450 licenses are allocated for domestic water use and another 250 for agricultural irrigation (R. Wysocki, pers. comm).  There are 25 licenses for power generating purposes, but total water use from these licenses dominates the volume of water used by all licenses combined.  There are 6 conservation licenses to ensure adequate maintenance flows and water levels for fish with remaining licenses representing small volume use including livestock watering, mineral tenures etc. (R. Wysocki, pers. comm).  





In the Plan Area, the majority of the water used for drinking (domestic) in Lillooet, Lytton, Gold Bridge and other communities is derived from surface water.  Many of the steams in the Plan Area are fully allocated (no further water licensing available), including most streams north of the Yalakom River on the west side of the Fraser River, north of Fountain Valley on the east side of the Fraser River, and the Cayoosh Creek watershed.  Fountain Creek may have possible water shortages.  Some tributaries of the Yalakom River are fully recorded.  Along the Fraser corridor, south of Lytton on the east side of the river, there are surface water shortages, and a number of residents use wells for their domestic water supply.  By contrast, due to limited development, the creeks in the Stein Valley are only fully recorded near major centers such as the Village of Lytton.  Botanie Creek and its tributaries are fully recorded.  Cinquefoil Creek is fully recorded, unless backed by storage.  



Groundwater is often chosen as a water supply where surface water is not readily available.  Ground water is an important source for drinking (domestic), irrigation and other purposes in areas including the Fraser corridor south of Lytton.  Most groundwater wells on the Fraser Plateau are low production (less than 1 L/s), however, high production wells (greater than 7 L/s) are found near Lillooet, at depth in sand and gravel deposits, and north of Lillooet in bedrock (Rood and Hamilton 1995).  A key element to protecting groundwater is managing development and resource use on the land about the aquifers and their recharge areas.  However, existing information on aquifers necessary to control and manage impacts on ground water is incomplete, and outstanding information needs to be compiled and/or completed for the remainder of the Plan Area.  Currently there is no regulation governing the use of groundwater.



There are 19 community watersheds within the Plan Area totaling an area of 29 645 ha, which have been designated under the Forest Practices Code.  These are: Town, Dicksam, Intlpam, Murray, Retasket, Nepuchin, Lytton, Fountain, Blackbird, President, Countless, Omin, Fergussen, Nekliptum, Inklyuhnkinatko, Mcintyre, Nikaia, Six Mile, and Gladwin (BC Environment, 1997).  Within these watersheds drinking water is the primary resource use.  These watersheds require more detailed forest development plans, including watershed assessments, which may require more restrictive harvesting and range use practices.



DFO has expressed a concern with sufficient consideration of minimum flow requirements for fish during the water licensing process in the Lillooet Plan Area (Watts, pers comm).  Unfortunately, minimum flow requirements for fish are not legislated in the Water Act, as fish are not recognized as a beneficial user of water (Sec 1.1.1).  As a result, there is no legal requirement to ensure adequate instream flows for fish and aquatic ecosystems are maintained either under the Water Act or the Fish protection Act.   



There are several natural hazards associated with water, including flooding and erosion along the floodplains, debris flows on alluvial fans, and/or landslides within watersheds.  In some cases these hazards result from or can be aggravated by human activity in the watershed.  Resource extraction activities such as forestry and mining have the potential to alter runoff patterns and flows thus affecting slope stability, erosion, and debris flows.  As well, land development on floodplains alters the natural erosion patterns.  Land development can cause detrimental impacts in the area of development and/or in many areas located downstream or downslope.



BC Hydro operates three hydroelectric generating facilities supplying power to the provincial transmission grid.  There are two dams on the Bridge River: Lajoie Dam, which is upstream of the Hurley River, stores inflow from the upper watershed and generates power from the outflow.  Terzaghi Dam is downstream of Lajoie Dam, about 40 km upstream of Lillooet.  This dam and Carpenter Lake Reservoir are used to store water that is diverted through two tunnels under Mission Mountain to a power generating station at Shalalth on Seton Lake (Rood and Hamilton 1995).  The operating objectives of this system include hydroelectric power generation, flood control and maintenance of minimum fisheries flows as well as providing an adequate water supply to other users, maintaining wildlife habitat, and sustaining recreational activities.  



The Bridge River watershed is currently undergoing a Water Use Planning (WUP) Process.  Prior to the initiation of WUP agreements, BCH and fisheries management agencies reached an agreement to establish minimum flow releases in the Bridge River by installation of a cold water release facility at Terzaghi Dam (Chan, 2000).  Year round continuous flows in the lower Bridge river will support more stable populations of invertebrates and allow guaranteed fish access to some of the best spawning and rearing habitat in the system (Chan, 2000).  Discussion of issues concerning flow release schedules from the reservoirs is ongoing.



5.2  Water Quality



�tc  \l 3 "Quality"�The fish, wildlife, human and industry users of the water resources also require good quality water.  As listed in Table 4, there are various land use activities, which if not adequately managed, may alter the quality of the water.



Table �seq Table \* Arabic �4�.   Crown Land Use Activities and Potential Water Quality Disturbances

Land Use Activity�Sedimentation�Fecal Coliform Bacteria�Increase in Metals�Increase in Nutrients�Increase in Other Organic Matter��Timber Harvesting�X������Road Construction & Maintenance�X��X����Forest Fertilization����X�X��Pest & Weed Control����X�X��Livestock Grazing�X�X��X�X��Recreational Activity�X�X�����Mining Activities�X��X�X���

The primary concern related to forestry activities, particularly harvesting and road construction and use, is the potential to increase sedimentation through surface erosion, slope failures or drainage works failures.  Increased sedimentation within a water body can affect aquatic life, as it essentially smothers the streambed organisms that the fish depend on for food and it smothers the spawning habitat. 



Livestock grazing also has the potential to create sedimentation if livestock trample or graze off vegetative cover, especially along streambanks where removal of vegetation can accelerate bank erosion.  Winter feeding of livestock and spreading of manure on snow can change the patterns and timing of runoff (the dark color of manure on snow results in premature melting).  Surface runoff carrying animal wastes directly into fish bearing waters has the potential to increase bacterial contamination and high concentration of ammonia are toxic to fish (Nener, pers. comm).  Agricultural use of pest and weed control substances also has the potential to contaminate water bodies when these substances drain into the ground or surface water.



Mining activities can result in sedimentation and contamination of the water with metals and processing chemicals.  For most operations there are set limits on sedimentation and metals discharge, and these operations have monitoring systems that help to ensure they comply with these requirements.  The small scale placer mining operations occurring in the region have limits set by regulation, but limited information is available on their impact on the areas water quality.



Municipal sewage discharges have the greatest potential to increase nutrients within a watercourse, especially phosphorus.  Some water quality monitoring data are available for the Bridge River, Yalakom River, Carpenter Lake, Cadwallader Creek, lower Lajoie Creek, Pavilion and Lajoie Lakes  Gun and lower Lajoie Creek (Triton Environmental Consultants 1992, Envirocon 1980 Robinson, Dames and Moore 1982, Grace 1991).  Results indicate that high metal levels may be present in some areas (Carpenter Lake, Gun Creek), that water quality is very variable throughout the Plan Area and that more up-to-date and detailed sampling is necessary to determine management plans.



There are several Acts and regulations, which enables the Ministry of Environment, Lands and Parks to control water quality within the planning area.  The Ministry authorizes discharges by issuing permits and approvals, which specify and control the amount of contaminant, location and method of discharge to minimize impact on the water resources.  Permit holders are required to monitor their effluent discharge.  Some types of waste discharges are covered by regulations such as placer, aquaculture and agriculture.



5.3  Outlook for Water Resources



The demand for water will continue to increase within the Plan Area as population continues to grow (although any local or regional demand management efforts would be a mitigating influence). Water quality in mainstream lakes throughout the Plan Area is generally good.  Resource development activities have the potential to create flooding, erosion and debris flows, which in turn will affect on the quantity and quality of the water in the area.  Resource development can also alter recharge areas for groundwater.  Improved forestry practices will reduce impacts such as erosion, sedimentation and nutrient loading.  Riparian guidelines and watershed management under the Forest Practices Code will further improve quality and quantity.  However at this time only a portion of the watersheds are being monitored and water quality objectives for forestry related activities are not available for any of the areas community watersheds. 



�tc  \l 3 "For Water Resources"�BC Environment is presently conducting a study on the Bridge River watershed upstream of the Terzaghi Dam to determine water flows and water use by BC Hydro.  The study is also determining water requirements for fisheries values and BC Hydro.  
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�

APPENDIX: Fish species in the Lillooet Plan Area 





Common Name�

Scientific Name�

Common Name�

Scientific Name��

White Sturgeon�

Acipenser transmontanus�

Chinook�

Oncorhynchus tsawhytscha��

Chiselmouth�

Acrocheilus alutaceus�

Steelhead�

Oncorhynchus mykiss��

Bridgelip Sucker�

Catostomus columbianus�

Rainbow Trout�

Oncorhynchus mykiss��

Largescale Sucker�

Catostomus macrocheilus�

Pink Salmon�

Oncorhynchus gorbusca��

Longnosed Sucker�

Catostomus catostomus�

Coho�

Oncorhynchus kisutch��

White Sucker�

Catostomus commersoni�

Chum�

Oncorhynchus keta��

Lake Whitefish�

Coregonus clupeaformis�

Pygmy Whitefish�

Prosopium coulteri��

Prickly Sculpin�

Cottus asper�

Mountain Whitefish�

Prosopium williamsoni��

Slimy Sculpin�

Cottus cognatus�

Northern Squawfish�

Ptychocheilus oregonensis��

Coastrange Sculpin�

Cottus aleuticus�

Leopard Dace�

Rhinichthys falcatus��

Lake Chub�

Couesius plumbeus�

Longnosed Dace�

Rhyincichthys cataractae��

Carp�

Cyprinus carpio�

Redside Shiner�

Richardsonius balteatus��

Brassy Minnow�

Hybognathus hankinsoni�

Brook Trout�

Salvelinus fontinalis��

Pacific Lamprey�

Lamptera tridentatus�

Dolly Varden char�

Salvelinus malma��

Burbot�

Lota lota�

Bull Trout�

Salvelinus confluentes��

Peamouth Chub�

Mylocheilus caurinus�

Lake Trout�

Salvelinus namaycush��

Sockeye�

Oncorhynchus nerka�

�

��Source: McPhail & Carveth, 1993.



� It is intended that a section on anticipated trends for these species is to be added here, pending completion of work by DFO.

� A significant amount of information for this section was provided by B. Chan (BC Environment, Kamloops) and is valid in the opinion of the author.

� It is intended that a GIS summary of all fish bearing streams shall be added to this section, pending completion of work by agencies.

�  See list of References in Section 7,  e.g.,  Bechta (1991), Burns (1970),  Meehan et. al. (1977), and Vannote et. al. (1980).
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