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Introduction:
Pacific salmon populations along the west coast of North America are diminishing due to predation, stream 
alterations, pollution, and salmon hatcheries (Brown et al 1994, Busby et al 1996, Weitkamp et al 1995). The 
Endangered Species Act (ESA) has listed many populations along California’s central coast (Kostow 2009). In 
Scott Creek (Santa Cruz County), coho salmon (Oncorhynchus kisutch) and steelhead (O. mykiss) are listed as 
endangered and threatened, respectively (Brown et al 1994, Busby et al 1996).  How and to what extent predators 
are contributing to declines or impeding recovery of coho and steelhead in the Scott Creek watershed is poorly 
understood.  In particular, although piscivorous birds have been shown to cause substantial mortality on salmonid 
populations elsewhere, the extent to which these predators feed on salmonids in Scott Creek has not been explored. 

Birds can impact freshwater fish populations by directly consuming individuals and altering both size distributions 
and foraging patterns (Draulus 1988, Steinmetz et al. 2003). Among the many piscivorous birds that inhabit coastal 
watersheds, previous studies indicate that the diet of the kingfisher is composed mainly of fish (Cornwell, 1963).  
Although Common Mergansers have a more varied diet, they may account for mortality of  25-65% of salmon in a 
given stream (Wood 1987). We can better understand impacts that kingfishers and mergansers have on salmon 
populations by knowing overall rates of fish consumption and which life stages are eaten. These data can also be 
integrated into population models and used to assess whether birds are impeding salmon recovery.

This project investigated the role of piscivory by birds on juvenile salmonids in Scott Creek. Specifically, we 
focused on consumption of juvenile salmonids by Common Mergansers and Belted Kingfishers because both 
predators are known to impact salmon populations elsewhere (Steinmetz et al. 2003, Wood 1987). 

Results:
Belted Kingfisher 
We used the regression equation generated by Bond (2006) to back-calculate fish fork length from scale radius (Eqn 1): 

Eqn. 1: FL (mm) = 0.1686*Scale Radius (microns) + 34.872  (R2=0.97)

Based on the regression, size of the sampled scales indicated that length of salmonids consumed by the kingfisher was 
72.7-164.05 mm. The size of fishes consumed based on scale size falls in the range of the size based on otolith width. 

Common Merganser
Juvenile salmon parts including PIT tags, otoliths, scales, and bones were found in most merganser diets. We found 
parts of other fish species (sculpin and stickleback), and invertebrate parts (crayfish, beetles, nematodes, crickets and 
caddisflies). Sculpin and stickleback were most frequent in diets (Fig 2). Adult 5 had the most varied diet and chick 2 
and 3 had the least varied diets.

Using otoliths, the minimum number of salmonids found in merganser stomach contents ranged from 0 to 9 (Fig. 3).  
We could not differentiate between coho and steelhead salmonid otoliths or scales, but all complete PIT tags were from 
wild (i.e. non-hatchery) steelhead. We detected a significant relationship between the fork length and the otolith width of 
salmonids in the diet (R2 = 0.847, P< 0.001). A significant relationship also was observed between otolith length and 
fork length (p < 0.001), however, otolith width was a better predictor of fork length than was otolith length ( R2 = 
0.733). We applied the otolith regression model to otoliths collected from stomach contents to back-calculate fork 
lengths of fish eaten by mergansers. 

Eqn. 2: FL (mm) = 115.11* Otolith Width  (mm) – 56.656  (R2=0.847)

We applied the equation generated by Bond (2006) (Eqn. 1) to scales collected from stomach contents to back-calculate 
fork lengths of fish eaten by mergansers.  
Based on analysis of otoliths, salmonids eaten by mergansers ranged from 33.9 to187.9 mm (Fig. 5), whereas using 
analysis of scales, salmonids eaten by mergansers ranged from 91.7 to 113.0 mm (Fig. 5).

Discussion:
We found that mergansers and kingfishers consume juvenile salmonids in Scott Creek.  According to other studies, 
mergansers can consume from four to 444 juvenile salmon daily (Wood 1987) and 88.4% of kingfisher diet can be 
comprised of salmonids when present (Cornwell, 1963).

Lengths of salmonids eaten by kingfishers and mergansers match lengths of fish eaten by these species in other published 
studies.  However, the sizes of fish consumed based on scales may have been inaccurate in our study because we do not 
know where on the body of the fish that scales originated. Scales grow at different rates depending on where on the body 
the scales are located.  The size of fish consumed based on otoliths may also be biased because otoliths erode in stomach 
acid.  Many of the otoliths exhibited some level of erosion, so fork lengths of fish determined using ototliths likely were 
underestimated. 

Combined with previous estimates of predation rates of piscivorous birds on young salmonids, our results suggest that 
predation on juvenile salmonids by mergansers and kingfishers may be a substantial source of mortality to young coho 
and steelhead in Scott Creek.  These results indicate the need for greater consideration of the role of piscivorous birds in 
Scott Creek and other coastal watersheds, including the incorporation of these sources of mortality in population models.Sources:
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Fig. 2  Frequency of prey in diets of adult and chick merganser 
diets.  
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Fig 9. Left otolith from a salmonid found 
in merganser stomach contents, shown 
with otolith length and width 
measurements. Width measurement was 
used to determine fish fork length

Belted Kingfisher 
(Ceryle alcyon)

Methods:

Study System
Scott Creek is a perennial water system on the coast of central California with a hatchery located on one of the 
tributaries, Big Creek (Bond, 2006; Fig. 1). Previous studies have shown that the most common piscivorous birds in 
Scotts Creek are Common Mergansers (Mergus merganser), and Belted Kingfishers (Ceryle alcyon) (Frechette, 
Unpublished Data). 

Assessment of bird diets
To examine diet of the kingfisher, we collected scales from a roost with characteristics of kingfisher roosts near the 
hatchery on the Big Creek tributary in Oct 2010.  To determine diet of mergansers, we examined stomach contents 
of 8 dead Common Mergansers (3 chicks, 5 adults) found in Scott Creek between January and November 
2008. Various invertebrates and fish scales, bones, otoliths, and PIT tags were found in merganser stomachs. We 
cross-referenced intact PIT tags with a database at the SWFSC Santa Cruz lab to determine  species identity and 
size. We compared otoliths found in the stomachs with reference photos (stickleback, sculpin) and otoliths (juvenile 
salmonids) to identify species consumed, and used left and right otolith pairs to determine minimum number of 
individuals eaten.

To determine size of salmonids eaten by the two species of birds, we measured the radius of scales, which is known 
to scale with the size of the fish (Bond 2006).  We also used a regression analysis to determine the relationship 
between otolith size and fork length of juvenile steelhead from Scott Creek. Based on this relationship, we were able 
to estimate the fork length (FL) of fish eaten by birds.  We photographed scales from the kingfisher roost and 
otoliths and scales from merganser stomach contents using a microscope mounted with a digital camera.  We used 
OPTIMAS software to measure total scale radius (SR, the distance from the focus to the edge of the scale) and 
otolith width (Fig. 3). We also photographed and measured otoliths from steelhead with known fork length to test 
whether there was a functional relationship between otolith size and fork length. The appropriateness of the linear 
model was determined by plotting otolith width and otolith length against fork length. 

RightLeft

Fig 8. Sculpin otolith pair found in 
merganser stomach contents

Fig 10. Salmonid scale found on 
kingfisher roost. Scale radius (SR) 
used to determine fish fork length. 
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Fig. 3  Minimum number of individuals (MNI) of sculpin and 
salmonids consumed by mergansers determined using complete 
PIT tags and complete otoliths (left or right)
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Size of Salmonids Consumed by Belted Kingfisher and 
Common Merganser Using Otolith Width and Scale Radius

Fig 5. Size of salmonids consumed by kingfisher and mergansers using 
otolith width and scale radius. Complete otoliths were collected from 3 
out of 5 adult merganser  stomachs.  

Hatchery

Estuary

Big Creek

Kingfisher  Roost

Fig. 1    Map of the Scott Creek (Santa Cruz Co., CA) watershed shown with the 
kingfisher roost where scales were collected was upstream of the hatchery on Big Creek. 
Scott Creek drains into a small estuary and into the Pacific Ocean.
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Fig. 4 Linear regression showing the relationship between salmonid 
otolith width and salmonid length (fork length).  
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Fig 10. Salmonid scale found on 
kingfisher roost. Scale radius 
(SR) used to determine fish fork 
length. 
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