Phalarope feeding in relation to
autumn upwelling off California

1. Abstract

A Jointship-aireratt-satellite study conducted off
central and northern Cadtforma examined the relationship
ot phalarope teeding to convergences and other physical
and biological processes of upwelling., Phalaropes were most
numerous where strong surtace thermal gradients bordered
~upwelling waters. Birds collected off Poing Reyes and Point

Montara had ted primarily on fish eggs and cuphausids,
while off Divénport copepods were the predominant prey.
Thalaceans and siphonophores dominated the rooplankion
collected i shaltow, oblique tows within 40 km of the coast.

- Copepads and cuphausiids replaced these gelatinous orga-
nists farther offshore and were especiallv abundant at o
convergence 3 km off Davenpaort, Fish CEES WOTe Fare in
the tows, indicating phalaropes ate them owtside of the areq
sampled. Although phataropes tend o be attracted o
surface mamtestations of ocean convergences (.. slicks),
ot all convergentareas necessarily provide the right com-
bhination of hvdrogiaphic and biological conditions for
suthaent prev concentrations. Specific temporal and spatial
tactors mav ultimatelds determine the vilue of a given
convergence as a source of prey. |

3. Résume

Une étude réalisée & la fois par bateau, avion ot
sareliite au Large du centre et du nord de la Californie NoOus i
permis diexaminer ke rapport entre Falimentation ces pha-
«rapes et les convergences et autres phénomeénes physiques
et biologiques de L remontée des caux protondes., Ces
olseau étaient plus nombreux lorsque de forts gradients
thermiques de surface bordaient les eaux resurgentes. Les
areaux recueillis au large de Point Reyes et de Poin
Montara s'étaient nourris surtout d'oeufs de poIssons et
{Leuphausiides, tandis qu'au large de Davenport, les copé-
podes étaient la proie prédominante, Les thaliacés et les
siphonophores constituaient le gros du zooplancton recueillj
dans les traits de filet obliques et peu protonds effectués i -
moins de 40 km de fa cote. Les copépodes et les euphau-
sicles remplagaient ces organismes gélatineus plus au large
et étaent particulierement abondants a une convergence
située a 30 km de Davenport. Nous trouvions rarement des
ocuts de poissons dans les prélévements, ce qui veut dire
que les phalaropes les mangeaient a 'extérieur de la zone
cchantilionnée. Bien que ces oiseaux avaient lendance a ére
aturds vers les manifestations de surface des résurgences
rmarines (par exemple, les nappes), toutes les zones con-
vergentes n'offraient pas nécessairement la honne com-
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hinaison de conditions hydrographiques et biologiques pour
dassurer une concentration suftisante de proies, Certains
tacteurs spatio-temporels peuvent finalement déterminer by
vileur d'une convergence donnée comme source de proies.

3. Introduction

Several successtul investigations during the past de-
cacle (reviewed in Ainley 1976, Amnley 1980, Brown 198()
have demonstrated that many aspects of seabird occurrence,
colony productivity, and social structure relate directly to
measurable offshore hydrographic and biologic processes.
The advent of remote-sensing techniques, particularly from
aivcraft and satellites, to oceianographic studies (Arvesen ef

al. 1973, Bernstein ef ul 1977, Stevenson et al. 1979) makes

possible habitat-mapping over large ocean areus in very
short time intervals, 1.e. “synoptic coverage.” Such tech-
higues when coupled with standardized shipboard bird
observations and hydrographic measurements, allow us to
document and test hypotheses about the role of mesoscale
acean featieres (tens 10 a few hundreds of Kilometres) in
scabird ecology, This is probably the spatial scale of greatest
importance to many pelagic and coastal marine birds.

This paper attempts to integrate phalarope feeding
ecology and distribution with the biology and hydrography
of autumn upwetling systems off California. Phalaropes are
particularly suitable for such studies because they are easily
seen from ship or air, they do not dive for food, are not “
quite as mobile as some pelagic birds, and they exploit «
relatively limited neustonic food source (Ainley and Sanger
1979). Furthermore, unlike hirds that return to shore e:uch
day and are affected by such factors as distance to colonies
or large roosts, Red Phal:vopes (Phalaropus fulicarius) spend
most of the year away from the coast and can thereforebe -
expected to respond directly to conditions offshore. "'

The affinity of phalaropes for upwelling regions is
well known, and their concentration at surface con-
vergences has been noted (Murphy 1936, Lamib 1964,
Martin and Myres 1969, Ashmole 1971). Brown, in studies
of the Senegal upwelling system (19795 and the Labrador
Sea (1980), correlated the occurrence of Red Phalarope
flocks with gracients in sea surface tem perature (SST) anct
with the location of apparent offshore convergences. Brown
(1980) also found that Red Phalaropes were most numerous !
4l a topographically induced tidal divergence that upwelied |
zooplankton to the surface, He postulated that these birds b
actually require convergences or divergences to concentrate '

gwu minute, patchily distribute prey to exploitable levels,
rown suggested several physical mechanisms that might ;
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"4, Study area and oceanogrnph ic setting

-oncentrate planktonic prey for phalaropes, and utilized
& rellite imagery to map these physical features.

This paper reports the results of an experiment in

¥ hich we could correlate phalarope occurrence with migjor
i habitat gradients while simultancously examining phalarope
% feeding within an active u pwelling system,

1.1, Study area

Our study area extended from the coast to |85 kin

* offshore between Santa Barhara Channel and the Cali-

fornia—Oregon border, comprising approximatety

162 500 km* (Fig. 1). The continental shelt varies in width
from about 10 to 75 km. Waters in i approximately 63% of
the study area exceed 2000 min depth, about 13% are
shallower than 200 m, and the remainder includes con-
inental slope waters of intermediate depth. Though the
region's shelf-slope bathymetry is relatively unitorm. sighifi-
cant anomalies in shelf topography (canyons. escarpments)

exist off Point Sur, Monterey Bay, and Cape Mendocino,

49.  Oceanographic seting

The general hydrographic characteristics of ths re-
gion have been describecd by Reid et al. (1958), Bolin and
Abbott (1963), and reviewed by Hickey (1979, {he Calitor-
nia Current is a wide (~ 1000 km), slow (1o about 30 emis)
current that flows t‘t]lliﬂﬂl'“'ill‘(l. |.}1‘illging coc] low-arctic
waters to the California coast. A poleward undercurrent
(the California Undercurrent) flows along the shelf break
and slope at intermediate depths (£ 100300 ). except
during the late autumn and winter. wheit it nay surtace as
the Davidson Gurrent (from Point Conception to at least
southern Washington). Coastal upwelling, a phenomenon
near the coast related to alongshore wind stress, and farther
offshore perhaps to positive wind-stress curl and evelonie
eddies. is # dominant process on the shelf during spring and
summer. The strength and persistence of upwelling decline
in autumn. Upwelled waters are cool, nutrient vich, and
relatively saline, particularly it upwelling centres oft Cape
Mendocino, Point Arena, Point Sur, and Point Conception,

Upwelling is most prominent otf Point Conception in
Jate le‘iﬂg. Utt‘lll‘l‘illg pl‘ngrt’sai%’t‘lv Latetr in the sumimer at
higher latitudes (Bakun and Nelson 1977). At HInes, up-
welled water may occur as plumes extending hundreds of
kilometres offshore (Traganz et af. 1981). Steep gradients
in temperature, nutrient, and hiological properties often
exist of fshore when upwelling phumes intrude into the
Cahfornia Gurrent,

B, Methods
5.1.  Phalarope dist ribution

We counted all phalaropes within 50-n st Fip tran-
sects (determined by inclinometer) along 31 cast—west lines
surveyed from aircraft during 21-25 September 1981
(Fig. 1). A total of 3182 linear km ot aertal trifckline was
surveyed; lines averaged 76 km in leng! h. Transect lines
were surveyed from 65-m altitude at an airspeed of
165 knvh, ‘Two observers alternated watches while three
others recorded data. Observations were recorded orally on

tape; location of each bird sighting (10 = 0.1 latitude/

longitude or approximately 0.2 km) was determined with an
onboard VLF navigational computer. T'ranscribed data
were computer-processed for density arslvsis hy locanon.

While travelling at 15-18 km‘h aboard research
vessel along three trarisects on 24 and 26 September and 3
October. we recorded all phalaropes seen within 100 m to
either side (Fig. 2). T'wo ohwervers were located 4 i above
the water. Qur shipboard observition technigques and i
comparison of ship and aeral survey procedures appeat: i
Briggs., Lewis et alo (1981 and Brigys and Tum (198 1).

Bird behaviour was classitied according to achvinya
first sighting ({1v, swim, feed). direction of travel, assor g
tions with other organizms or phyvsical feanures like shoks,
fHotsam, and water-colour boundaties, Feeding by phala-
ropes could not be discerned from the ar, |

5.9, Phalarope diet

We collected 58 phalaropes along the ship tracks, H3
were Red Phalaropes and five were Red-ne hed Phalaiopes
(Phalaropus lobatun), Birds were tagged and frozenun-
mediately upon retrieval: Many soft-hoadied prevwere st
sequentlv identitied from the Gonschs. so innuediate tiees-
ing of spedmens appears o lave mnipized digeston We
recorded standard measurements of the birds afrer Hhaw-
ing. Proventriculi and ventriculi were remeos ed ntacd,
weighed, bound in cheese loth, fixed in bultered Formalng,
el after 24 howere transterged to 10% opropnd alcahiol

The wet weights (1o nearest b0 of gut tontents
were measured separately atter sieving thse ugh Gl g 8

“mesh sereens: 1Tes as sl as 1153 s were tetained on the

sereens. 1t is undikels that phalaropes prey ob OFLEANINDIS,
ealler thin this. Frequencs of occurrence and pereent
volume of cach identitiable wem, aned the manimunenirabe
of shole prev were determined for vach stomach Whien
possible, A erustaceans were identilied to speaes, othie
taxag were identitied to tamily or oyder. | |

2%, Plankton

T assess the relative composinon aid avalabhity of
lml'r:llli;ll plinkionu pres. wee made 17 oblinue and 2 s tace

plankton tows as the shitp travetled at 35 ki hwitha

L--dinmeter net of f-mm mesh, Oblicque uls were drom
approximateh A o the surface, o flowmeter attacned to
the net hridle estimated the solutne of wate Hitered
Sampling occurred at 7 - LO-krn intensihs along shitp fracks:
and wherever phaliropes were collected Tor diet analyvas,
waters within and on either side of moderate thermual frones
were sampled on each lme aswere sey evad shohs, Samples
were preserved in 104 butfered Formabn. 1ab analyvaes ol
replicate subsatples from cach hau! included frequencs ol
oceurrence and size determinations for all major mactozoo.

plankton tasa el enumerations of all crusticeinn speoes.

Most stntll zooplanktor and highly imonie fish lanae
arty have been missed at the towmng spred and mesh we
qsedd, but less motile organisms i the size ranges hkeh 1o b
exploited by phaliare pes were pit dably imduded. |

Chlorephella (Chla concentrations {an estimaic ot -
phytoplankton docks) were messured o approximaely -
one-third photic depthalong aiveratt trackhines withoa
ditferential radiometer (Arveson «f af YOTH. Sunul-
tancously, the phiotic zone chlors yphyil field was measured
throughout the study ares by the Coastal Zone Color |
scannet Satellite. Surface chiorophyll concentrations were -
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Fhalarope density along aerial survey lines in central and northern
California, "I——?ﬁ September 1981
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measured along ship tracks by use of a flow-thirough
fluorometer (Lorenzen 1966). Comparison of these dau
permitted calibration of synchronous satellite and aircraft
chiorophyll values and interpolation of chlorophyll isopleths

between aircraft tracklines.
54, Hydrographic measurements

Sea surface temperature (S5'1) was measured along
aircraft transects with a precision radiation thermometer
(accurate to * 0.2°C) coupled 1o & chart recorder. The entire
coastal and offshore SST field was mapped at thermal
infrared wavelengths (10.5- 12,5 pm) on 22 September
from the NOAA-G satellite. |

Along ship tracks, ST was measured continnously
by a through-hull thermometer, and vertical temperature
profiles were made at 20 sampling stations using 0~2001m
expendable bathythermographs, 0-30m CID (conduc-
tivity~temperature~depth) casts. or both, Salinity was mea-
sured at the surface at 20 stations and at depths of -30'm
at 11 stations to determine seawater density sections,

Surface concentrations of NOy-N and PO -P were
measured spectrophotometrically from 20 filiered samples.
Nutrient concentrations and ratioy provide important clues
to the refative recency of nutrient regenetation trom up-
welling (Traganza el al. 1981),

6. Results

6.1, Phalarope distribution i relatton to habiat

A total of 1573 phudiaropes was seen in 97 sightings
ot 163 individuals during the aerial survey, Bivds ocounred

Figure 2

Details of sea-surface-temperature (8§ tield off ceniral Calitornia on
22-23 September 1981, Isotherims hetween aetial surves nes (showe on
Fig, 1) are from NOAA-6 sateltite images. Dashed hnesindicate ship
coverage on 24 (top line) and 26 (niddle line) September and 3 Oaober
(hattom line)
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within transects as Gar ofishore as 115 kot Point Reves
(Fig. by, and atside transect lines Cobf imsect” sightings)
out to 195 ki, also oft Point Reses. l;'h.tl';tmpr.-a were |
concentrated just seaward of the shelt break amd were Jess
nuinerous closer o and farther Bom shove: ficd e ot all
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the strength of thermal gradients in the 399 grid cells
surveved. (Since bird distribution may relate to temperature
gradients between surveved lines as well as to gradients on
lines. we interpolated the shape of isotherms between lines
“using coincident satellite infra-red (IR) imagery and
assigned temperatures to = 0.5°C by comparing satellite
data with simuliancous airhorne radiometer dauta taken on
adjacent transect lines,) Thermal gradients in grid cells

having phalavope sightings were significantly stronger than

~wotdd be expected by chance (;;-i(},l]l}!.x?t,,-._.u = H2.33).
Steep gradients in SST ocenrred primarily at the
houndaries between witers upwelled on the shelt and the
adjacent waters of the California Carrent. Several very
strong SS T gradients were seen 100-250 ki offshaore in
satelhte TR mnages. Phaliropes were not especially numer-
ous on either side of SST fronts. Instead they concentrated
wherve SST changed rapdly with horizomal distance,
Phakarope sightings were concentrated to a signifi-
cantdegree i waters of low chillovophyll: grid cells with
phadaropes averaged 0,19 mg Chl e/m® whercas all cells
averaged B8] mgm? (one-tailed K-S test of goodness-of-fi
comparmg frequency distributions ot chlorophvll fde-
termnedt by carborne vadiometer| in gric cells having
phaluopes with chlorophyllin all grid-eelis: D, = 0L.257
A R K 1<0.001). Where Chlorophvil o was
most concenteited CH-8 nyg/m very near the coast), phiali-

fopes; six of the eight were within 4 km of the coast and

resuited from differences in suspended sediment between
adjacent parcels of water, not from ditferences in chlor-

ophyll concentration.

6.3.  Phalarope feeding in central California upwelling
SYStCIms

Phalarope feeding in relation to upwelling systems of é

different structure, dynamics, and apparent secondary pro- .-
ductivity was examined from shipboard off central Califor- R
nia. Because the development of upwelling conditions
differed with area and time from 24 September through -
3 October, each area is discussed separately. "

6.3.1. 24 September — Point Reyes — The 90-km ship track
surveved off Point Reyes extended into waters deeper than
3000 m. Northwest winds ot 45~60 knvh during this and
the preceding 3 days led to very active upwelling over the
shelf. Isopyenals were upturned sharply toward the coast,
the seasonal pycnocline (25.5 o'T) surfaced at about 60 km
otfshore (Fig. 4) and coincided with a 1°C temperature
gradient (0.2°C/km*). This surface density front was within
an area of elevated surface-chlorophyll concentration lo-
cated 10-km seaward of a modest chlorophyll gradient (Fig.
5). The NO4: POy ratio declined from the area of the shelf

ropes were refatively scoee, seaward to the front, indicating transition from newly
| Birds otfshore (60 sightings of 3249 birds >65 kn upwelled to more oceanic waters.
fse ) oy, o lltl'lfl_‘tl I Avaters with o narrow temperature | phiﬂill‘ﬂl)ﬁﬂ were found from about 47-79 ki
vange averaging slighthy cooler than e mean of oftshore offshore, peaking in abundance at the front (Fig. 5). Thirty
gridd coelts dhardssrange T 1= 16.2°C X = 123+ 1.8°C [sp) percent of 318 phalaropes seen were identified as reds; the
versus grid cells: vange PLI- 17090, X = 12.9°). Phalaropes rest were unidentified. Flocks totalling 106 birds visited
trequented ottshore witers where SS'T gradients were shicks near the front. Ten Red Phalaropes, collected from
stroneg (e - OCEPCRm o X cane = G0°CAKm) and Hlocks feeding near the front, recertly had fed on eu-
where I:!*: woptivll concemrations were low (X = (108 mg phausiids, including Euphausia pactfica; euphausiids totalled
Chlam " cells where birds occutred). | 47% of proventricular prey volume and 38% of prey
| | numbers. Unidentified crustacean parts accounted for an
6.2, Fovironmental cues for feeding additional 10% of volume, Other crustacean groups and
- . | plastic particles were less prominent. In contrast, fish eggs of
| To determine the importance of visible environ- two species (King-of-the-salmon, Trachipterus altivelis an
mental cues o foraging phalaropes., we analysed sightings Medusafish, Ichichthys lockingtoni), accounted for two-thirds
- of teeding flocks observed from the ship and sightings of of ventricular prey volume, whereas euphausiids comprised
stattonary flocks (mot flving) seen from the airpline. All about a tenth. Barnacle cypris larvae, euphausiids, fish eggs,
but 66 of 500 phalaropes seen from shipboard on sand, and plastic each were contained in at least half of the
24--26 September occurred in flocks feeding at slicks, as did stomachs (Table 2). |
all but abont 20 of approximately 2500 seen on 3 October:; Prey items ranged in size from gasti opod veliger and
no feeding Hocks were seen away from slicks. Fighty-six barnacle cypris larvae averaging 1.3—1.6 mm and 2.0 mm
percent of all birds seen during aerial surveys occurred in in length, respectively, to a 4-mm specimen of Calanus sp.,

flocks (>3 birds): stationary flocks accounted for 669 birds
- (49.9% of the Hlock total). Of these, 442 phalaropes oc-
curred in 62 stationary flocks at surface cues including T T R ——— .
- slicks; colour boundaries; lines of flotsam, kelp, or foam; ~ Tablel
concentrations of baitfish: and swarms of plankton (Table
. (The remaining phalaropes in stationary flocks may have

} "Nk ] " . : H H - - )
Presence of phaluropes at surface discontinuites indicative of
convergences. Aerial sightings were on 2§--25 September 1981

been associated with surface cues that we failed to note due No. of
to glare, rough seas, and other conditions atfecting aeri: Type of discontinuities
O Rl gn 18 attecting aerial discontinuity  with (without) No. of bird
s:ghnngs.) These environmental cues are much less exten- "~ (“cues") phalaropes (ﬂ::.c:.] m: Ssgms:’“”f .
sive than the thertnal gradients discussed above (tensof A. Slicks (Iaciwmw
~metres to a few kilometres versus one to tens of kilometres) floating material) 6 (1) 54(11) 0.27 - 0.54
" and all but three of the surface cues were located within B.  Slicks with kelp, I o
strong or moderate SST gradients (>0.15°C/km or 0.08— ¢ E’*‘l’“* or flotsam 11 (0) 259 (26) 0.10 - 0.27
0.15°C/km, respectively). Further, except for eight flocks D. pfi.?féh‘ll"n'ﬁdﬂrm’ al HB @) 009 ~0.54
comprising 64 birds, all other phalaropes in flocks (both baitfish swarms 2¢0) ']
flying and stationary) occurred within strong or moderate *SST gradiont i oc. —— o) 0.18
SST gradients. Eight of 41 discontinuities had no phala- si};hlﬁlg nt:cr:::rnedmm vithin 5 lattude-longitude grid celln which
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and 11-16 mm euphausiids. Fish eggs ranged in size from
] to 4 mm. |
Herbivorous salps (Dolioletta sp.) and carnivorous
siphonophores together comprised 80-95% of zooplankton
numbers and volume in plankton tows inshore of the front
(stations 1-4). The dominant crustaceans were Eucalanus
californicus and Euphausia pacifica (Table 3). Numbers of
crustaceans (particularly Galamw pacificus) weve higher in
tows made at the slicks where fecding phalaropes were
collected (stations 5 and 6), while Dolioletta sp. and sipho-
nophores remained common (1-4 individuals/m®). Fish
eggs, S0 prominent within phalarope ventricular contents

Table 2 |
Contents of the stomachs of 10 Red Phalaropes collected on 24 Seprembe

off Point Reyes. Data from proventricub and ventticuli are combined

e gl

No. stomachs Minimum no, ‘% of prey

ltem with item whole prey volume
ol TP e,
Hydrozoan sp. A 2 1
Gastropod sp. H 7 .2
Gastropud veliger P ‘.! 0|
Crustacean parts I - )8
Cirriped cypris b 230 1.0
Calanus sp. | I 1
Brachyuran zoea I | l (]
Euphausiid sp. Y, § 21
Euphausia pacifica b -+ IR0
[nsect parts 4 2.3
Fish CRKS 440 SO
Sand grams {) 1!
Plastic particies b N

M

were quite rare in the tows, and barnacle cvpris larvae |
(which accounted for 49 of prey volume and 36% of wuimal
prey numbers) were completelv absent. Both phalarope and -
Calanus (though not overall crustacean) abundance peaked
at the front (Table 3 and Figure 5). |

6.1.2. 26 Septemiber -— Point Montarad — I'hftll'ngl‘u]}lllh €01
ditions along a trackline to 80 km ot Pon Momtasra mtoe
waters 2750 m deep, changed considerably trom 2310206
September. Measuretnents of S8 s from the wirplane on the
99rd revealed a tongue of cool water extending trom Pomt
Reves, intersecting the ship trackline between - and 70 km
oft Point Montara (Figs. 2 and ). Southerdy witnls of |
9%5.-35 knvh on the 24ith resulied in general winnang ol
sturface waters. Subsurface ise sihierims were ondy shightls
upturned near shore o the o6t and S8 1's ofishore were

o )+ °C warmer than when measured trom the i |
Offshore waters were now thermaliy «f ratiticd to Hhm
(dlensity sections at ofbshore stations showed stk
stratification). Chlorophs e was most concents Atedd witknn
00 km of the shore. was lowest trorn Hege 66 ki ont and
rose to 12 mygemn' farther otishore (Fig. . Nutiwent con-
centrations were lower than ot Pomt Roeses: ratios ol

NO PO were intertnediate between upwetled and oceamc
walers. S |
~ One hundred eightv-two phidaropes wereseen alonyg

the ship track, despite the presente of dense Jog fon the bt

90 ki tatrborne observers suw noe phalaropes within this
shore zone ot 22 Seprember ). Onls 40 ol the basds seen
were ilentitied Il.l;"tll{‘l s and all were lt'_tl-;. Phalaropeswere
most nuterous between 70 and 8O km trom shime, with

Figure 4
Surfuce-laver density (rt) section for Point Reves transet, Ui Seprember 1481
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Tabled = | . |
Density (number « m™ Yy of crustaceans, ichthyoplankton, ;md_t}tht*l‘
- m;u'I't:nﬁmpliillklnll colletted in 17 f:rhliqutr and 2 :-;ul:i‘eu:u'(51;1!10115 I-}tl} and
L tows on 24 and 26 September and 3 October, oft Point Reyes, Point
Montara, and Dasenport, respectively (P indicates presentin densities Jess
thant.dm )

-

N S il —

EE— Davenport e
transect e

Point Montara transect h
9 10 11 12 13 14A 14B 15 16 18 19

Point Reyes transect

el
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*Nrmericalls g tans speces incaded Dofwfetta sp. (Phaltcia),

Leptomeduae and Trachymedusae tCoelenterata: Hydrozow),

Pl sonectae tHhvdrazoa, Cedippuda (Ctenophora), and Sagitta sp.

{Chaetognathion

only stmatler concentrations elsewhere (Fig. 6). Most birds
were fiving through this area: only three feeding tlocks
were seen, il near shoks at statons between 50 and 72 km
oftshore.

Six Red Phalaropes were collected from flocks in
shicks at 539 and 72 km from shore. The foreguts of two birds
were empty, suggesting that they had not fed recently. The
toreguts of the other four birds contained primarily eu-

- phausud parts, plus two whole Thysancessa spinifera (Table 4).
The hindguts of all six birds contained primarily fish eggs
(accountng tor 38.6% of total prey volume) and eu-
phausiids. Euphausiids were well preserved, indicating that
thev were eaten recently. The sizes of prey taken by these
birds were similar to those taken by birds off Point Reyes.

As was seen in plankton tows of f Point Reyes various
‘medusae and Dolioletta dominated both numbers and

ceans were common at stations 10, 11, and 15, Euphausiids

from Point Montara to station 13 were considerably larger
than those farther oftshore. |

0.3.3. 3 October — Davenport — Waters near the southern
edge of a small upwelling plume extending southwest from
Pomt Ao Neuvo were sampled during a period of light
northerly winds following the storm of the previous week.
Aerial and satellite SST data taken before the storm showed
intense upwelling; SSTs as low as 10°C occurred near shore
(Fig. 2). Only weak upwelling was evident on this 30-km ship
track on 3 October (Fig. 7), with Chlorophyll @ and nutrient
conditions much like the shelf-break section of the Point
Montara transect (stations 9 and 10). Satellite images from
late September through early October, consistently showed

volume at statons out to 50 km: their abundance declined
tarther oftshore. Crustacean density averaged much higher
all along this track than off Point Reyes, owing to sizable
populatons of Euphausia and Calanus inshore and of Cala-
nus bevond 50 km (Table 3). The phalarope flock at station
14, from which four birds were collected, was apparently
attracted to extremely dense concentrations of moulted
calanoid carapaces and moderate surface concentrations of
live C. pacificus; subsurface C. pacificus density at station 14.

- was the highest encountered on this track. Small numbers of
amphipods occurred all along the line while larval crusta-
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this region to be a zone of intermixing of waters upwelled
to the north with warmer, oceanic waters from west of
Monterey Bay.

| We collected 42 phalaropes from among approx-
imately 2500 birds in several flocks at a 0.8°C thermal front
(0.14°C/km) just seaward of the shelf break. T hough no

direct counts of species proportions were made here, 5 of

the 42 specimens collected were Red-necked Phalaropes,
while the rest were reds.

In contrast to the gut contents of birds collected
elsewhere, these birds had fed to a great degree (53%
volume) on Calunus sp. (Table 5) with lesser amounts of
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brachyuran larvae. euphausiids and other crustaccans. In-
sect parts (Coleoptera) were found in about one-third of all
ventpiculi. and about half contained large numbers ot
crustacean zoea and nauplii (0.5 mm to about 1.5 mm).
Surface and oblique zooplankton tows demonstrted
the extreme numerical predominance of Calanis amotiyg
crustaceans here (Fable 3). One-third ol all phalaropes
collected on this date were taken on i slick a stition 18
where surface swarms of Calanus were ubiquitous. The
presence at station 19 ot euphausiid carapaces — indicative
of active growth and moult — iy noteworthy, in view of the
13% contribution this group made to proventricular prey
volume. Substantial numbers of crustacean larvie were
taken in plankton tows here. Clearly, conditions had been
favourable for crustacean mouldt for some time oft Daven-
port and perhaps also to the north, where resroductive
products may have originated hetore drifting south.

7. Discussion

In light of recent studies of plankton ecology in
upwelling regions and Brown's ( 1980) concept of phali-
rope’s dependence upon physical concentrating mechi-
nisms for successful feeding, several inferenices Gin be
drawn from our California Current data:

1. Nutrient regeneratiun through upwelling en-
hances plant production and growth, leading (o relativelv
high standing stocks of herbivorous zooplankton. Vertically

migrating zooplankton may remaiti in the same general
location relative to the source of upwelling by alternately

M
Table 4 —

Contents of the stomachs of six Red Phalaropes collected on 26 September

- off Point Montara, Data from proventrieul and ventriculi are combined

‘No. of stomachs Minimumno, % of prey
jtem with item whole prey volume
Hydrowwansp. | .l 0.4
Cirviped cypris 4 3 B IR
Hyperisd amphipod 2 22 1.0
Euphausiid parts 3 3 R
Euphausia pactfun J 7 td 6
Thysanoessa longnpes d - T & N
Thysanoessa spoferd I 2 N R
[sect parts 2 | 2 16
Fish eggs i S A LY
Nandd grins " - - . R
Plastic particles R - 1N

“Table 5 - f o
Contents of the stomaths ot 17 Red Phalaropes and 5 Red ne hedd
Phataropx:s coltegted on P Oaober yod ] ot Dinenport. Data troam

prm-t-ntrit ] vendig ubt are comtaned®

—l—#— nvrw e R e e i s ke ol e gk SRt 1 =T T —— O mmbk

Minimum no. 7 of prev

- No. of stomachs

Item , with item whole prey volume
Fivddrozoan sp 2 4 ht
1 hetate hadroroan | 1]
(eastropesd sp. J { Ay
I’It‘t‘u;,uul M. i l ST
{rustac ety pdrts 4 ~ by o
Crust vat larvac R {hnhiy - M
Cirriped CVPHIS "} 5 Y
ol sp. 14 | LT WON
Brachs uran farvae BT 51 Rl
Fuphaustid sp N N {1}
[uph.nlﬂiitl HIRR1S J n R
f'luf:rhﬁ.,.ﬂﬁ ;HH'IfH it - p | _ - | . iy
[hnvveroesa Spanifera - 2 _ 'y . g
[insedt prarts 7 § N
( oleopterasp. | ] 4% R
Halipid coleoprerin i I KR
Fish epas i AL Vo
Sattd grams S 3 O 1
Plastic particles 3 I
Seetds " g 0|
L nidentitisble |
materul 1 Y

*One trematode 0 10 total valane’ was fossd 1t vy ik nown whether

it was parasite o the bard.

migrating to stratd having opposite hedn currents (Smith

of al 108 1ar, Stuith et al. 1816, but they tend to accnuiate
At offshore convergences because of rapid advedtion withan
the Ekinan kiver (- 0=30 1. Huver 19708, |
1. Phalaropes feeding in convergendes should encoume
velatively high prey availabiliy. | |

b, Foraging phalaropes should uulive visable tnvironinen-
tal cues 10 1ocate convergenees. L |

¢ Off California, feedimng flocks should Be commaon n
thermal tronts where upwetiing waters converge with sut-
Erce waters of the California Current. o

d. Because nutrient and chlorophvil concentrations ma Ine
highest near the souice of upwelling, phalarope chistribution

should not necessarily exhibita posiive correlation with

cither: | - |
9 Unless dispersed by exireme iurhulent mang due

to wind. the 7ooplankton fonnd near fronts are distnbuted:
in patches (Holligan 19R1, Husby and Nebson {081, Phiada-
rope feeding success tlong a convergent front mas theres
fore be quaite variable and bird oceupatnon of such o beatert
should be patchy: | | - |

i1y



“does not, in the absence of high grazing plankton pop-
ulations, lead to successful feeding by phalaropes. Con-
versely, an area with abundant zooplankton but lacking a

‘convergence (as off Point Montara) will support few birds.

The importance of convergence-feeding by migrat-
ing phalaropes depends on the relative stability and depen-
dability of both upwelling and convergences. Occurrence of
wind conditions unsuitable to upwelling or periods of

extremely strong wind might lead to adverse feeding con-
ditions in extensive portions of the migration pathway
(perhaps 500 km or more). Birds encountering such con-
ditions might starve if they lacked sufficient energy reserves

“either towait for better conditions or to pass over the
unsuitable region. Bond (1971 and sources cited therein)
described a mass mortality of this sort. As yet, the seasonal
stability of upwellings and associated convergences off Cali-
fornia are incompletely known. Hopetully, additional
observations of phalaropes associated with coastal upwelling

Cwill provide eritical data for refining and testing these ideas.
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