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Introduction

Historically, huge numbers of salmonid carcasses provided entire watersheds with abundant nutrients derived from the ocean. Recent research strongly suggests that salmon carcasses (i.e., marine-derived nutrients) play a key role in maintaining the productivity of salmonid systems. Specifically, the placement of carcasses into streams for nutrient enrichment has been shown to benefit the salmonid resource and the ecosystem as a whole. Rearing juveniles consume salmon eggs, feed directly on spawned-out carcasses, and benefit from increased abundance of invertebrates and algal growth. The presence of carcasses in streams has been related to increased juvenile density, growth rate, body size, improved fish condition, improved overwintering survival and ultimately increased marine survival.

The benefits of salmon carcasses to the ecosystem depend on numerous variables including spawner density, absence of disease, temporal and spatial carcass distribution, consumption of carcasses by organisms (insects, fish, birds, mammals), carcass retention in waterways, original nutrient content in treatment stream, water temperatures, stream discharge levels, light penetration and other factors.

The following guidelines are intended to minimize disease risks and other concerns, provide some general management strategies for carcass placement, increase the benefits from this procedure, and highlight the interagency process to avoid conflicts with affected groups and agencies. The guidelines address those situations where there is the desire and the capacity to distribute salmon carcasses that might otherwise be unused. They are not intended to enforce the distribution of carcasses nor to replace harvest under an ESSR licence. Literature and documents in support of these guidelines are available upon request.

Carcass Placement Guidelines

A. Advice, Approval, Awareness

1. All relevant groups and agencies should be advised of carcass placement plans. These groups will include area stock assessment personnel, area resource management staff, C&P Fishery Officers, local DFO habitat staff, First Nations, stewardship groups, affected landowners or other affected groups. Background material and signage may also be provided to advise the affected members of the public of this activity and its benefits. 

2. Transport and deposition of carcasses will be accompanied by a copy of the final project approval.

B. Water Quality and Water Use Concerns

1. Under the Water Act, downstream water users must be advised of activities that may impact the water quality of their withdrawals. Accordingly, Water Licensees on treatment streams should be advised in advance in order to avoid complaints of water quality degradation and health issues. 

2. Carcasses should be distributed is such a way as to avoid or minimize impacts on public-use areas and private property (i.e., away from domestic and other types of intakes or water supplies.

C. Disease and Chemically treated/medicated carcass Considerations

1. Only those fish killed with CO2  or blunt trauma will be allowed for carcass placement. Diseased fish should not be used. 

2. Carcasses that have recently received chemical treatments or medications should not be used. 

3. For fish treated with antibiotics to control pre-spawning mortality, only those fish that have remained alive at the facility for at least three weeks after antibiotic administration, may be used in order to ensure that tissue residue of antibiotics is insignificant. 

4. Generally, no carcasses may be moved outside the watershed. That is, carcasses must be of native/local species that have returned to their natal stream or watershed.

5. Movement of carcasses from the watershed to nearby streams may be considered if the donor and treatment streams are geographically proximate and within the zone of influence of the donor stock (i.e. there could be straying of adults from source stream to treatment stream). Such carcass movements must be specifically approved by PBS Diagnostics through the Introductions and Transfers Committee process.

6. For carcass transfer between watersheds, disease history should be obtained and provided, where known. If the disease history indicates a potential for introduction of a fish pathogen exotic to a particular watershed, transfer of carcasses will not be permitted.

7. Where carcass transfer between watersheds is approved, carcasses must first be frozen for 48 hours at –20 o C. Note that many disease agents (e.g., viruses, BKD) are not destroyed by freezing, although their numbers may be reduced.

8. The proponent may asked to develop a disease profile for the donor and treatment streams for transfers between watersheds where disease profiles are unknown.  Cost of development would be borne by the proponent.

d. Carcass Placement Density

1. For coho salmon, the overall maximum density of 100 carcasses per km is recommended, based on studies in Washingon systems. 

2. For historically large runs of pink, chum, chinook and sockeye, the stream’s historic escapement levels (5-year average) should be used to determine carcass loading densities.

3. Carcass loading density for a given stream segment should be calculated for each species separately.

4. Maximum carcass loading density for each species,will be adjusted to reflect the stream gradient as follows:

	Gradient
	Expected retention of native carcasses
	Subtract from maximum carcass loading density the following portion of native spawner density. 

	Low 
	High retention
	100%

	Moderate
	Moderate retention
	50%

	High
	Low retention
	0%


5. A given carcass species may be substituted for another by converting the calculated total biomass required into fish numbers. For conversion purposes, the following mean weights are suggested: pink – 1.5 kg, sockeye – 2.5 kg, coho – 3 kg, steelhead – 4 kg, chum – 4.5 kg and chinook – 8.5 kg.  Appendix 3 includes an example of a  carcass placement density calculation. 

e. Temporal and Spatial Carcass Distribution

1. Temporal and spatial carcass distribution should reflect the historic anadromous spawning timing and abundance for a given treatment stream, for all species.

2. Carcasses should be placed in locations that are normally (or recently historically) accessible to salmon, (i.e., not above barriers), unless specifically approved by PBS Diagnostics. 

3. Carcass placement into inaccessible parts of the watershed may be permitted where juveniles have been previously outplanted (e.g., to colonize upper areas above impassable barriers). 

4. Carcasses should be distributed throughout the treatment reach, including riparian areas adjacent to that stream. 

5. Stable stream areas should be selected where carcasses are less likely to be washed away by high winter flood events. Carcass retention will be increased by selecting shallow, slow-moving backwaters, pools, side-channels and small headwater tributaries, and areas with abundant woody debris. 

6. Carcasses from an early run may be frozen and stored for later placement if the treatment stream has a later natural spawning timing. The use of frozen carcasses may also facilitate carcass distribution to distant areas requiring a lengthy transport time.

7. Carcass distribution schedule should consider anticipated problems of poor stream accessibility due to snow and other constraints.

f. Carcass Mutilation at Placement

1. Where escapement enumeration programs will be occurring on treatment streams, carcasses should be cut in half or otherwise mutilated at placement, directed by area stock assessment staff. This will help avoid double-counting and ensure that enumeration programs will not be affected. 

g. Carcass Anchoring 

1. Carcasses may be tethered or anchored in place, especially in higher-flow areas as this will improve carcass retention.

2. Bio-degradable anchors should be used (natural-weave ropes, burlap sacks, etc.). Where anchors or external identification tags are non-biodegradable, these should be removed from the stream following carcass decomposition.

3. Tethering is essential where frozen carcasses are used as these float and may be readily transported downstream. Where tethering of frozen carcasses is not possible, it is preferred that at least one fourth of these carcasses be thawed out before distribution, so that some will remain at the point of access.

4. Carcass placement should be avoided or delayed during high flow events if carcass anchoring is not possible,

h. Records of Carcass Placement 

1. Records of numbers and species of carcasses placed in treatment streams should be maintained in annual data summaries.
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2. Background information 

1. Disease considerations.

The return of hatchery salmon carcasses to streams may pose risks of disease transmission – for example if carcasses of highly infected fish are used, if carcasses are moved to areas within the watershed that are normally not accessible to salmon, or if carcasses are moved to streams outside the watershed.

2.  Temporal and spatial carcass distribution.
Timing of carcass placement is crucial as nutrients should be made available to young salmon upon their emergence from the gravel (Bilby et al. 1998). Timing may be early, mid or late, and may be used to influence the ecological response to loading within watersheds. For example, the use of later runs (fall and winter) may benefit the next growing season, provided some nutrients are stored through the winter (Wipfli, M.S., J.P. Hudson, D.T. Chaloner and J.P. Caouette). Also, the use of carcasses from several species, each with a different run timing (e.g., early sockeye, mid-chum, late coho), will provide a longer nutrient pulse in the treatment stream than if only one or two species were used, each with a brief spawning period (Wipfli, M.S., J.P. Hudson, D.T. Chaloner and J.P. Caouette).

3.  Carcass placement density.
Carcass loading density should be specific for a given reach, sub-basin or watershed because numerous factors affect the ultimate benefits to the system (e.g., original nutrient content, water temperature, light penetration, stream complexity as it relates to carcass retention, carcass redistribution through flooding and scavenging, etc. (Wipfli, M.S., J.P. Hudson, D.T. Chaloner and J.P. Caouette). Note that more carcasses in a stream may not necessarily translate into greater nutrient availability because high loading may saturate the ability of a system to effectively use the nutrients (Wipfli, M.S., J.P. Hudson, D.T. Chaloner and J.P. Caouette). Accordingly, the physical condition of the receiving water system, and its capacity to retain and recycle nutrients must be considered.

The present carcass density guidelines were based on amalgamation of the following key points:

(a) For B.C. streams, for upper river sections, coho spawner carcasses may be placed at densities of up to 50 per km. For lower river sections with historically large runs of pink and chum, the stream’s historic escapement levels may be used to determine carcass loading densities (pers. Comm. Mel Sheng).

(b)  For Northwest Pacific streams where only coho are known to return, 93-155 salmon carcasses per km of stream should provide maximum ecological benefit from marine-derived nutrients (R.E. Bilby, pers. comm. in Gresh, T., J. Lichatowich ad P. Schoonmaker. 2000).

(c) The Washington Department of Fish and Wildflife (WDFW) guidelines (Washington Department of Fish and Wildlife (WDFW).Nov 2001) on carcass placement densities are as follows:

· For coho, the target level is 0.15 kg / square metre of stream surface area (based on a bankfull channel width). (Can use the same value for steelhead as life histories are similar).
· For mass spawning species of salmon (pink, sockeye, chum), 0.78 kg / square metre will be used.
· For chinook which is a mass spawning species but also uses the freshwater environment for rearing up to a year, a value of 0.39 kg per square metre will be used. 
· For treatment streams where estimates of natural spawning escapement are made, carcass loading can be reduced by the recent 5-year moving average for natural escapement to treatment reach.
· For determining total carcass deposition maximums, the area historically available to each species will be used to calculate the loading rates. This will result in a separate calculation for each species. Spawning timing will need to be factored into distribution schedules.
(d) The above WDFG target level for coho salmon (0.15 kg / square metre of stream surface area) translates into 100 coho carcasses / km (for this conversion, use an average stream (1 km long X 2 m wide) and mean coho weight of 3 kg).
(e) Maximum allowed carcass loading densities for species will be adjusted to reflect the stream gradient (low, moderate or high). That is, where a treatement stream has a low gradient (i.e., low flushing rate) and hence an expected high retention of native spawner carcasses, the maximum carcass placement density will be adjusted downward by the total average historical density for that species (100% adjustment). Conversely, where a treatment stream has a high gradient (i.e., high flushing rate) and hence an expected low retention of native carcasses, the adjustment of maximum carcass placement density will be 0%. For streams with a moderate gradient, the adustment will be 50%. 

(f)  All salmonid carcasses are considered equal from a nutrient content basis. That is, the actual distribution goal may be calculated as biomass and then converted to fish numbers. For example, chinook carcasses may be substituted for coho, and vice versa. (Washington Department of Fish and Wildlife (WDFW).Nov 2001). For weight conversion, the following mean weights are provided for returning B.C.salmon. 

	Mean weghts for returning B.C. salmon *

	Pink
	1.5 kg
	
	Steelhead  
	4.0 kg

	Sockeye
	2.5 kg
	
	Chum
	4.5 kg

	Coho
	3.0 kg
	
	Chinook
	8.5 kg


* Data sources: mean weights from B.C. catch statistics (J. Bateman, pers. comm.); age composition at return from Fraser et al. (1982) and Groot and Margolis (198?).

4. Carcass anchoring.

Carcass retention in streams is affected by predator and scavenger activity, carcass transport during high flows, and abundance of in-stream structures to catch and retain carcasses 

Appendix 3

Example:  Calculation of carcass loading density for 1 km stream section:
· Salmon species present in that section:  Coho and Chinook,

· Average weight per species: Coho – 3 kg, Chinook – 8.5 kg,

· Historical and current (5-year means) escapements for chinook spawners – 200 / km and 

       80 / km, respectively.

Coho spawners –20 / km current average, 100 carcasss/km maxiumum carcass density (historical average not used for coho)

	Calculation of carcass loading density per species for that 1 km section at different stream gradients

	#s & kg Required
	S  T   R   E  A  M          T  Y  P  E

	per Species
	Low Gradient *
	Moderate Gradient *
	High Gradient *

	Coho #s
	100–20 =80 coho / km 
	100 –10 =90 coho / km 
	100-0=100  coho / km 

	Coho kg
	80 x 3 kg = 300 kg
	90 x 3 kg = 270 kg
	80x 3 kg = 240 kg

	
	
	
	

	Chinook #s
	200-80 = 120 chin / km
	200-40 = 160 chin / km
	200-0 = 200 chin / km

	Chinook kg
	120 x 8.5 kg = 1,020 kg
	160 x 8.5 kg = 1,360 kg
	200 x 8.5 kg = 1,700 kg

	
	
	
	

	Total Biomass***
	1,320 kg
	1,660 kg
	2,000 kg


* For a treatment stream with low, moderate or high gradient, subtract 100%, 50% or 0%, respectively, of the natural spawning density from maximum carcass loading density  

*** If only chum carcasses are available, the total biomass required is converted to total numbers of  chum carcasses using average chum weight of 4.5 kg.
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