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The overall multivariate diet composition data (%db) the two historical
nonbreeding season diet data sets in Monterey Bagglthe 1970s (Baltz and Morejohn
1977, Talent 1984) and the five location and noatlirey season combinations sampled
in this study were compared using nonmetric mutighisional scaling (NMDS,
nonmetric fit, R = 0.999, Stress 0.04; Fig. 12). The first NMD$aeparates the
historic data from this study by differences in dioamt prey: rockfishes were prevalent
in the historical data compared with Northern Anghm this study. The second NMDS
axis further separates by ancillary prey that veemresumed in particular nonbreeding
seasons and locations. Pacific Sanddab was coxsdumig both studies during the

1970s whereas Market Squid was only in the didtirofs collected offshore in Monterey
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Bay during the 1974-75 nonbreeding season. Duhisgstudy, perches occurred in the
diet at Ailo Nuevo Island, Speckled Sanddab wasapeatin the diet at both locations
inside Monterey Bay, whereas Topsmelt was mainkeoled in the diet at Monterey
Harbor. For the two locations sampled during baithbreeding seasons during this
study, Afio Nuevo Island and Moss Landing Harbat domposition was more similar

during the 2007-08 nonbreeding season than the-Q00®nbreeding season.

Studies:
3 Penlee iy
. 1970-71 Inshore Monterey Bay
. 1974-75 Offshore Monterey Bay
. 2006-07 Afio Nuevo Island

. 2006-07 Moss Landing Harbor

. 2007-08 Afio Nuevo Island

. 2007-08 Moss Landing Harbor
. 2007-08 Monterey Harbor

Species codes:
Aaf Topsmelt
i Cso Pacific Sanddab

Cst Speckled Sanddab
Dop Market Squid
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Figure 12. Nonmetric multidimensional scaling ordination comparing overall Brandt’s
Cormorant diet composition by percent number (%N) among studies in the Monterey Bay
region. Each study is represented by a number and studies with the same location are
circled. Prey species comprising less than 5% of the diet were combined into category
“Other fishes”. Proximity to three letter prey species codes indicates importance in the diet.
Historic data are from 1) Talent 1984 and 2) Baltz and Morejohn 1977 while the remaining
data are from this study.
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DISCUSSION

In a review of Brandt’s Cormorant diet throughdwit range Ainley et al. (1981)
reported that 59% of the prey consumed occurrgkdamwater column and 41% on the
bottom. Comparatively, in this study approximat@®go of prey were taken in the water
column. Northern Anchovy, a schooling, coastabgel species was 52.6% of the
overall diet by number. During fall and winter Nogrn Anchovy form large schools
from the surface to 55 m (Love 1996). The sizdlofthern Anchovy consumed was
small, 8.0 to 9.2 cm, indicating they were youngha-year or age 1 fishes (Love 1996).
The second and fourth most abundant species idi¢h@ere Speckled and Pacific
Sanddab, together comprising 21.6% of the dietibylrer. Sanddabs consumed were 6
to 12 cm in length which is between 1 and 2 ye&egge (Rackowski and Pikitch 1989).
Sanddabs occur on the bottom mostly in sandy atysanud substrate (Fitch and
Lavenberg 1971). The third most abundant preyTogsmelt, a schooling species that
occurs in the upper 9 m (Love 1996), and they ssred 6.5% of the diet by number.
Topsmelt consumed were approximately 8 cm; theeetbiey were young-of-the-year
(Love 1996). Pacific Sardine, another schoolingstal pelagic species, was the fifth
most abundant species with 3.8% of the overallliygtumber. No Pacific Sardine
otoliths were suitable for length measurement ar$easquent fish length estimation.

Changes in dominant ichthyofauna correlate to chaungsea surface temperature
(SST) and the oceanography of Monterey Bay is anfted by interannual and
multidecadal forcing in the California Current S3rst(CCS). The CCS is one of the

most productive current systems in the world, algfoannual productivity is variable
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because it is generated by periodic, wind-drivesistal upwelling and influenced by the
El Nifio Southern Oscillation (ENSO; Glantz and Tipmon 1981). The ENSO cycle is
rather frequent, approximately every 3 to 7 yeatsle the Pacific Decadal Oscillation
(PDO) operates at a much longer cycle of approxm&0 years (Chavez et al. 2003).
The PDO is correlated with a shift between two alaum species in the CCS, occurring
approximately every 25 years with basin-scale chamg SST: a warmer regime is
associated with Pacific Sardine and a cooler reggnassociated with Northern Anchovy.
The warmer “sardine regime” is characterized by lagtrients, less primary productivity,
more sardines, fewer anchovy, and fewer rockfisioespared with more nutrients, more
primary production, fewer sardines, more anchowny, more rockfishes during the cooler
“anchovy regime” (Chavez et al. 2003).

Evaluating historical Brandt's Cormorant diet i ttontext of PDO regimes
explains only some of the prey relative abundaotsgrved. The PDO indicates a
cooler water anchovy regime from 1947 to 1976-A¥aamer sardine regime until 1998,
and then a regime shift back to cooler water camut(Chavez et al. 2003; Peterson and
Schwing 2003). Studies on Brandt’'s Cormorant dietng the early-to-mid 1970s were
during an anchovy dominated cooler regime, andrdaogly, their diet contained
appreciable numbers of rockfishes and Northern Amgh Two studies were conducted
within the warmer regime from 1976-77 to 1998.19Y9 only a small number of birds
were sampled near Half Moon Bay, but a rockfish mhated diet was indicated (Cutler
1983) which is in conflict with expectations. Slhanly, in 1993 rockfishes dominated the

diet at Southeast Farallon Island (Sydeman et987)ldespite warmer water conditions.
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More work is needed to understand if there is atieiship between PDO influenced
changes in ichthyofauna and the diet of the Brandormorant, a nearshore predator.

Annual midwater trawl surveys have been conduciedN®AA Fisheries Service
(Fisheries Ecology Division, SWFSC) in late spraigng central California since 1983
and provide data on the relative abundance of pejagenile rockfishes and other
juvenile fishes (PaCOOS 2013). The abundancepimted as the standardized
anomalies from the log of mean catch rates. Therea positive anomaly for abundance
of juvenile rockfishes in the 1993 survey when greanbers of juvenile rockfishes were
observed in Brandt’s Cormorant diet at Southeastlléa Island (Sydeman et al. 1997).
Brandt's Cormorant diet data collected during gtigdy from 2005 to 2008 was well
correlated with the positive anomalies for Northancthovy, the negative anomalies for
rockfishes and Market Squid, but was not well datesl with the positive anomalies for
Pacific Sardine. This indicates that Brandt’s Coramts are consuming prey that is
relatively abundant in their environment.

The much shorter time scale of the ENSO may moeety influence Brandt's
Cormorant diet because of annual influences on meyitment success, especially
given the young age classes consumed. Differerdgrargraphic conditions described in
CalCOFI (2008) were present before this study,riutine two nonbreeding seasons
examined in this study, and after the study. Befbe pilot study in fall 2005, there was
late onset of spring upwelling and a warm sea sarfamperature anomaly. Although
this was not an El Nifio the anomaly had similaeet. In spring 2006, late onset of

upwelling occurred again and a moderate El Niiwedsbut rapidly decayed in early
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2007 when upwelling began early and continued lotfggn usual. By summer 2007 a
moderate-to-strong La Nifia had developed with dezdban average sea surface
temperature anomaly of -2°C. La Nifia conditionakeel during January and February
2008 and then weakened substantially by March 200tese contrasting oceanographic
conditions affected Brandt's Cormorant diet.

When cooler oceanographic conditions occurred duhe summer 2007 La Nifla
prey number was expected to increase. Althoughwhs not observed at a regional
scale it was observed within Monterey Bay. Thetgst number of prey recorded was
during the 2007 postbreeding period at Moss Lan#iadpor followed by a continuous
decline through prebreeding 2008. Prey numberwésogreat at Monterey Harbor
during postbreeding 2007, lesser in winter 2007 then increased by prebreeding 2008.
Prey number did not increase at Afio Nuevo Island prebreeding 2008. Thus, the
overall effect of the 2007 La Nifia was greater prasnber in Brandt’'s Cormorant diet
within the bay during the 2007-08 nonbreeding segbtoss Landing Harbor, mean =
15.2; Monterey Harbor, mean = 17.0) than on therozast (Afio Nuevo Island, mean =
8.6).

These changes in prey number from 2005-06 to 2@0w@ede accompanied by
changes in diet composition. Overall, Northern Baowy waned in the diet during 2007-
08. Although diet composition at Ailo Nuevo Islamals dominated by Northern
Anchovy during both years, it was less so durinQ7208. Prey diversity did not
increase at Ao Nuevo Island because the slightedse of Northern Anchovy was

replaced with English Sole and perches, the samequmsumed in 2006-07. At Moss

57



Landing Harbor, the loss of Northern Anchovy durg@7-08 was largely replaced with
Speckled Sanddab. Other species that increadbd Brandt’s Cormorant diet included
Pacific Sanddab, and to a lesser degree, a contnnatTopsmelt, English Sole, and
sculpins. Therefore, prey diversity increasedxgeeted during cooler oceanographic
conditions but only at Moss Landing Harbor. MogrteHarbor was sampled only during
the colder-water year and overall diet compositi@s approximately equal amounts of
Northern Anchovy, Speckled Sanddab, and Topsmelt.

The expectation that diversity would increase myiwinter relative to
postbreeding or prebreeding was observed onlyiingbahis study. The expected
pattern was observed during the 2006-07 nonbreesiagon with greater diversity
during winter at Afio Nuevo Island and Moss Landitegbor. However, during the
2007-08 nonbreeding season prey diversity didmoeiase during winter at any location,
but it did increase earlier during postbreedingZ20i@ely reflecting the more productive
conditions during the La Nifia. The mean winteredsity values were similar for 2006-
07 (H =0.384) and 2007-08 (H = 0.366). The anonmla Nifla event seems to have
altered typical timing. During normal oceanograptonditions the pattern of greater
diversity during winter likely prevails.

There is some evidence that another major fluainat the dominant prey of
Brandt’'s Cormorants began at the end of this stNdythern Anchovy were common in
the diet of Brandt's Cormorants at Southeast Famalland from 2002 to 2008 but were
less frequently observed from 2009 to 2011 (Warkydad Bradley 2011). A large die-

off event of Brandt's Cormorants occurred during 2009 breeding season in central
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California, and because disease tests were negstargation was considered the most
likely cause (H. Nevins, unpublished data). Thisonsistent with the loss of Northern
Anchovy as a prey resource. That Brandt's Cormtsrdid not respond to the loss of
Northern Anchovy by consuming other prey speciessiinby represents time required to
transition from foraging mostly as a specialistkbtcforaging mostly as a generalist.

Increased abundance of juvenile rockfishes wasreeden the 2012 and 2013
midwater trawl surveys in central California (PaC®2013); therefore, it is likely that
abundance of juvenile rockfishes also increasdgramdt’s Cormorant diet in the
Monterey Bay region. Another possible indicatidrdi@t composition returning to cold-
water affiliated species came with opportunistimpkes collected at Moss Landing
Harbor in March 2010 that contained numerous jueadarket Squid, far in excess of
anything observed from 2005 to 2008.

This study is the first to examine fine-scale spatnporal diet variation in
Brandt's Cormorants. The sampling scheme detetifestent location responses to the
same oceanographic stimulus. This study demogsdtthe importance of periodic
sampling at multiple locations within a region &tect changes in the diet of this
opportunistic generalist.

Seabirds have increasingly been studied as indgafdhe marine ecosystem
(Piatt et al. 2007). Northern Anchovy, rockfishasd Market Squid that are common in
Brandt’'s Cormorant diet are important to many ottredators in the CCS (Morejohn et
al. 1978, Ainley et al. 1990). As a piscivorousigalist, the Brandt's Cormorant is a

good candidate for a nearshore indicator speciesuse their distribution includes the
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full extent of the CCS. This would allow large aseo concurrently be examined thereby

providing insight into the geographic extent ofypfieictuations.
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