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ABSTRACT

The stomach contents of 200 juvenile Chinook salmon Oncorhynchus tshawytscha taken from the lower Kenai River, Alaska in August 2008 were examined to determine their contents.  This study sought to identify the major food items consumed by juvenile Chinook salmon from this portion of the river.  Two collection sites, separated by four river miles, yielded differing results.  Stomach contents from the Ciechanski State Recreation Site consisted of approximately equal percentages of Plecoptera nymphs and chironomid larvae and pupae.  In contrast, stomach contents from the Centennial State Park site were dominated by over 90% of chironomid larvae and pupae, with Plecoptera nymphs representing only 4% of the total.  Stomach contents from both sites contained less than 5% of other insects including Ephemeroptera.  Overall, Chironomids appear to be the main source of food for juvenile Chinook salmon in the Kenai River.    

INTRODUCTION

Numerous researchers in the Pacific Northwest have studied the food habits of juvenile Chinook salmon Oncorhynchus tshawytscha extensively.  Similar studies include the Columbia River, Washington (Rondorf et al. 1990; Dauble et al. 1980; Becker 1973; Schabetsberger et al. 2003), and the Duwamish River Estuary, Washington (Meyer et al. 1981), a small stream in Southeast Alaska (Hetrick and Brusven 1998), and the Salcha River, Alaska (Loftus and Lenon 1977).    In these and other studies, aquatic insects fulfilled the diets of Chinook salmon with chironomids comprising the majority of consumed prey items.  Other important contributors to the diets of juvenile salmon in other studies include Coleoptera, Hymenoptera, Cladocera, and Trichoptera.     

Though Chinook salmon in the Kenai River represent an important sector in the local economy, particularly for sport fishing, no previous studies have been conducted on the diets of fish in this river system.  The objective of this study was to collect data concerning the food habits of age 0 juvenile Chinook salmon in this South-central Alaska river.  Sampling for this study was conducted on the lower Kenai River due to its ease of accessibility and proven catch rates of juvenile Chinook for tagging purposes (Bendock 1995).  

METHODS

Located on the Kenai Peninsula in South-central Alaska, the Kenai River flows 132 km from Kenai Lake at Cooper Landing, Alaska to the Cook Inlet of the Pacific Ocean.  Though all stretches of the river are important habitats for Chinook salmon, the majority of juveniles can be found in the lower reaches of the river (Bendock 1995).  The sampling sites chosen for this August 27, 2008 study were located at river miles 16.5 and 20.5.  Sampling was conducted using baited minnow traps set within 1m of the shoreline in shallow (less than 0.5m), fast moving water.  This method has proven successful in similar catch studies in the lower Kenai River (Bendock 1995).  This research was approved by the Alaska Department of Fish and Game on July 28, 2008 for the collection of 200 juvenile Chinook salmon.     

The first site selected was the Ciechanski State Recreation Site: Kenai River Special Management Area located at river mile 16.5.  The catch number at this site was intended to total 100 juvenile salmon, all between the target sizes of 55 and 80 mm.  Minnow traps (measuring 48 cm x 20 cm x 0.6 cm) baited with brine-cured sockeye salmon roe were set in two small cove-like areas of fast moving water with over-hanging vegetation from 11:20 am until 12:30 pm.  Unlike other species of salmon, juvenile Chinook prefer to feed in higher-velocity waters (Nislow et al. 1999).  The total number of juveniles kept at this site was 102 after six sets of trap placements were allowed to soak for an average of 19.5 minutes each.  Each set of traps was emptied into a five-gallon bucket containing fresh river water where juvenile Chinook salmon meeting the size requirement were placed into a second bucket of water prior to being collected in gallon-sized storage bags and placed in a cooler on ice.  Those not meeting the size or species requirement were immediately placed back into the river.  Upon completion at this site, the salmon were placed in a freezer until dissection was completed at a later date.  

The second selected site was Centennial State Park located at river mile 20.5.  The capture goal at this site was 98 to complete the overall goal of 200 permitted juveniles.  Collection at this location took place between 3:40pm and 4:45pm.  Again, baited traps were set in shallow, fast-moving water near the riverbank in 9 sets with an average soak time of 29 minutes for each trap.  The same sorting and preservation methods used at the Ciechanski site were applied. 

Fish were kept frozen until February 2009.  At this time the fish were thawed in batches, measured to fork length in mm and weighed damp to the nearest 0.01g.  The stomachs were then removed by severing at the esophagus and intestine.  Once opened, each stomach was given a fullness rank between 1 and 5 (1=empty and 5=full and distended), and their contents removed and examined under a stereomicroscope.  Prey items were classed to the lowest identifiable taxa and assigned a visual percentage of total consumed food items for each stomach.  The infrequent presence of consumed salmon roe was not recorded.  Insect identification was carried out using the general classification key to the orders of aquatic and semiaquatic insects found in the fourth edition of An Introduction to the Aquatic Insects of North America (Merritt et al. 2008).  

RESULTS

Between two separate sites on the lower Kenai River, 200 age 0 juvenile Chinook salmon Oncorhynchus tshawytscha were captured and sacrificed for stomach analysis.  Salmon captured at the Ciechanski site had an average length of 65mm, an average weight of 3.76g and an average stomach fullness of 2.98.  Those captured at the Centennial site had an average length of 61mm, an average weight of 3.03g, and an average stomach fullness of 1.65.  A clear difference in stomach fullness was observed between the two sites, indicating that the salmon had conducted their feeding before noon.  This was suggested through the greater amounts of identifiable prey in the stomachs of salmon taken from the Ciechanski site around noon, compared to the mainly empty, digested stomachs of those taken from the Centennial site in the late afternoon.  This difference, however, could also be due to the salmon targeting different prey at different times of the day.    

Ciechanski State Recreation Site:  Juvenile Chinook salmon at this study site fed primarily on Plecoptera nymphs (53% of total diet) and chironomid larvae and pupae (46% of total diet).  These two orders are clearly the most important with nominal amounts of insects from other orders, including Ephemeroptera, comprising the remaining percentage of diet (Table 1).  

Centennial State Park:  Salmon at this site fed almost entirely on Dipteran Chironomid larvae and pupae, with this order representing 91% of the total diet.  The order of Plecoptera represented only 4% of the diet with Ephemeroptera comprising 3%.  Other orders were considered insignificant in the total diet (Table 1).   

Table 1.  Number, size and weight of juvenile Chinook salmon collected from the Kenai              

               River from two sites: Ciechanski State Recreation Park and Centennial State  

               Park



      Ciechanski State Rec. Park            Centennial State Park

No. salmon collected


102



     98

Mean fork length (mm)
             65



     61

Range (mm)                                       50-90



   50-71

Mean weight (g)                                 3.76



   3.03

Range (g)                                        1.73-9.10                                    1.47-7.14
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Figure 1.  Diet percentage contributions for Ciechanski State Recreation Park and   

                Centennial State Park.

T-tests were calculated for the juvenile Chinook’s weight, length and stomach fullness between the two collection sites.  All three tests revealed that salmon from the Ciechanski State Recreation Park site were significantly heavier, longer and had greater stomach fullness than those from Centennial State Park.  

DISCUSSION

Juvenile Chinook salmon collected from two sites in the lower Kenai River fed primarily on immature aquatic dipterans and plecopterans.  Though a single Plecoptera nymph contributes a greater amount of dietary mass than do individual Chironomid larva or pupa (Sagar and Glova 1987), the sheer number of Chironomids found in the diets at both sites surpasses that of any other family of aquatic insects consumed.  Previous research in the Kenai River (Wartinbee 2003) found there to be at least sixty species of Chironomidae, and that they dominate the river’s macroinvertebrate populations.  A large water quality investigation of the Kenai River conducted from 1989-1990 also found that there are large numbers of Chironomids throughout the river as well as plecopterans (Litchfield and Kyle 1991).  

Though this is the first look into the food habits of juvenile Chinook salmon in the Kenai River, Alaska, similar studies have been conducted both within Alaska as well as other Pacific Northwest locations.  Studies from the Columbia River in Washington State have contributed greatly to the current knowledge of juvenile salmon diets.  Juvenile Chinook from various stretches of this river show high consumption of Trichoptera (Rondorf et al. 1990), and most importantly chironomid larvae and pupae (Dauble et al. 1980; Becker 1973).  A similar study conducted in the Duwamish River estuary in Washington State in 1980 also revealed a diet rich in Chironomidae (Meyer et al. 1981).  

Few studies on the feeding habits of juvenile Chinook have taken place in Alaska, but those that are available contain conclusions similar to this study.  A study of Chinook and Chum salmon Oncorhynchus keta diets carried out in the Salcha River, Alaska in 1973 concluded that Chironomidae made up the largest portion of the overall diet with Plecoptera and Ephemeroptera contributing significant amounts as well (Loftus and Lenon 1977).     

Hetrick and Brusven (1998) examined the diet of juvenile Coho salmon Oncorhynchus kisutch in a small stream in southeastern Alaska and concluded that important contributors to their diet include Diptera, Plecoptera and Ephemeroptera.  Though this study did not include juvenile Chinook salmon, it is still a useful comparison as it has been found in other studies that Chinook and Coho salmon often exhibit diet overlap (Johnson 1981).  

Though this study did not include an assessment of available prey items at the time of sampling, from what is known about the insect populations in the Kenai River, the juvenile Chinook salmon appear to be feeding opportunistically on the most available prey items.  Several studies have inferred that juvenile Chinook are opportunistic in their prey consumption and will often adjust their diet to reflect what is most available in the invertebrate drift (Keeley and Grant 1997; Becker 1973; Rondorf et al. 1990; Muir and Coley 1996).  This is apparent in the disproportionate amount of Chironomids found in the stomachs of the 200 juvenile Chinook salmon collected for this study.  It is clear that Chironomid larvae and pupae are available in large quantities in the lower stretches of the Kenai River.  

The differences in insect consumption at the two sampling sites varied significantly with respect to the presence of Plecoptera nymphs.  At Ciechanski State Park Plecopterans comprised 53% of the overall diet, while they only accounted for 4% of the total prey consumed at Centennial State Park.  This is likely due to the differences in substrate at each site.  Plecoptera nymphs prefer fast moving waters with the presence of clean cobblestone.  This type of substrate was available at Ciechanski State Park and was distinct from the substrate found at the Centennial site.  The water velocity at Centennial State Park was markedly slower than that of Ciechanski with the substrate consisting of large, algae covered rocks.  This particular substrate type is better suited for Chironomids.  The increased water velocity at the Ciechanski site may also explain the increased rank in overall stomach fullness as it has been found in other studies that the greatest rate of consumption occurs within faster currents (Nislow et al. 1999).  This correlates with T-test results that were ran on the weight, length and stomach fullness of fish from the two collection sites.  It appears that the faster water and better substrate (ideal habitat for Plecoptera) result in increased growth of juvenile Chinook salmon.   

Differences in stomach fullness between the two sites could also be explained by the time of day the salmon were collected.  Most studies have found that juvenile salmon exhibit a diurnal feeding pattern, with a peak in stomach fullness occurring before noon (Sagar and Glova 1987; Schabetsberger et al. 2003).  In this study, salmon collected at the Ciechanski site from 11:20am to 12:30pm were consistently more than half full with an average stomach fullness of 2.98.  This varied from the Centennial site where salmon were collected from 3:40-4:45pm, with an average fullness of only 1.65.  This difference could be better explained in a future study where the salmon are sampled at two separate times of day (mid-morning and early evening) at each of the two sites.  In addition, a study assessing the feeding times of juvenile Chinook salmon in the lower Kenai River would be beneficial.  

The Kenai River is one of the most popular sport-fishing rivers in the world because it has two impressive runs each summer of Chinook salmon (as well as other species of Pacific salmon).  Thus, understanding the feeding ecology of juvenile Chinook is important when considering the overall health of the river.  Juvenile Chinook salmon prefer to spend their time in fast moving currents next to shore where riparian vegetation is present (Busby and Barnhart 1995).  The Kenai River currently has several areas where stream-bank restoration is improving riparian habitat, which will undoubtedly provide additional feeding opportunities for juvenile Chinook.  

Future studies on the food habits of juvenile Chinook in the Kenai River, Alaska may be improved by increasing the collection numbers, expanding the number of collection sites, and altering the time of day that sampling takes place.  In addition, concurrent sampling of invertebrate drift at each location would allow for comparison between actual consumed prey and available insects at these locations in the river.
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