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Comparative use of longline oysterbeds and 
adjacent tidal flats by waterbirds
LIN D A  M. C O N N O LLY  and MARK A. COLW ELL

Summary

Commercial oyster Crassos t rea  spp. cultivation in intertidal habitats may degrade foraging 
habitat of waterbirds. Consequently, we compared species abundances, community similarity 
and diversity of waterbirds using longline oyster culture beds and adjacent control plots on tidal 
flats of Humboldt Bay, California. Abundances of most species differed significantly between 
treatments, with seven of 13 shorebirds Cha r a d r i i f or me s  and three of four wading birds 
Ciconi i f ormes  more abundant on longline plots. By contrast, Black-bellied Plover Pluv ial i s  
squataro la  were more abundant on control plots. Marbled Godwit L i m o s a  f ed oa ,  Long-billed 
Curlew N u m e n i u s  a m e r i c a n u s  and Dunlin Cal idri s alp ina  showed mixed results depending on 
location and Great Blue Heron A r d e a  herodias  were more abundant only on one control plot. 
Community composition was similar on longline and control plots, although diversity (ET) was 
greater on longline plots. Varying species' responses to longline techniques may have been 
associated with interspecific differences in diet and foraging behaviour, and the impacts of 
longlines and oyster-harvesting on prey distribution. Overall, longlines did not negatively affect 
the foraging behaviour of most species, but the underlying causes for increased bird use may 
lead to impacts 011 other trophic levels and over a longer temporal scale.

Introduction

Tidelands provide critical foraging habitat for waterbirds, especially during w inter and 
migration periods. O yster C r a s s o s t r e a  spp. culture is a prevalent hum an use of coastal 
bays (Burrell 1985), and has the potential to alter intertidal feeding habitats of 
waterbirds. H abitat alteration can occur directly by increased sedim entation or indi­
rectly through increased hum an activity associated w ith cultivation. The techniques of 
oyster cultivation can be classified as those occurring directly on the surface sediments 
(hereafter termed "bottom  culture") and those suspending oysters above substrates 
(hereafter term ed "off-bottom "). Bottom culture, the traditional method, involves 
spreading fragments of oyster shell seeded w ith young, growing oysters directly onto 
the substrate and harvesting by dredge after 3-5 years (Simenstad and Fresh 1995). 
Dredge-harvesting of bottom -culture plots resuspends fine sediments and uproots 
eelgrass Z o s t e r a  m a r i n a  (Waddell 1964), resulting in lowered eelgrass densities, 
altered current flow, and increased sedimentation and erosion (e.g. Everett e t  al. 
1995). As of 1987, at least 90%  of U.S. Pacific coast oysters were grown by this 
method (Chew 1987). Soft sediments cause oysters to sink and suffocate, so growers 
have tended to cultivate tidelands that have firm substrates (Chew 1987); however, 
because off-bottom  methods suspend oysters, cultivation can be expanded into in te r­
tidal areas of softer substrate (Chew 1987, Simenstad and Fresh 1995). O ne such off- 
bottom m ethod is longline culture, where seeded shell is grown on ropes at 15-30 cm
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intervals and suspended off the bottom by rows of plastic pipes (Chew 1987, 
Simenstad and Fresh 1995).

The altered habitat conditions associated w ith oyster culture have the potential to 
influence invertebrate prey densities {Yates e t  al. 1993) and behaviours of foraging 
shorebirds (M yers e t  al. 1980, Q uam m en 1982, G rant 1984). However, it is not well 
understood how oyster cultivation affects bird use of intertidal areas. Research at 
Tómales Bay, California, showed shorebirds were less abundant on off-bottom  oyster 
plots, although species varied in response (Kelly e t  al .  1.996). Because some methods 
of cultivation result in the development of previously uncultured areas (Chew 1987), 
fu rther investigations are necessary to determine how certain practices affect 
waterbirds.

We investigated waterbird use of longline oysterbeds on Hum boldt Bay, California, 
designated as an International site in the W estern Hemisphere Shorebird Reserve 
N etwork (H arrington and Perry 1995). O f the 4,000-4,500 ha of m udflat exposed at 
low tide, oyster growers own or lease 1,650 ha of tideland and cultivate Pacific oysters 
C. g i g a s  on about 260 ha at any given time (U.S. A rm y Corps of Engineers 1997). 
O ysters are typically grown at tidal elevations less than 1 m above m ean lower low 
water (MLLW) (Simenstad and Fresh 1995), thus overlapping w ith the distribution of 
eelgrass, which occurs m ainly below about 0.3 m MLLW (Keller and H arris 1966). 
Eelgrass grows on about 20% of Hum boldt Bay's intertidal mudflats (Barnhart e t  al.  
1992), and provides food for Brant B r a n t a  b e r n i c l a  and W igeon A n a s  a m e r i c a n a  
(Reed e t  al. 1998), as well as habitat for fishes and invertebrates, including commer­
cially im portant herring C l u p e a  p a l l a s i  and Dungeness crab C a n c e r  m a g i s t e r  
(Barnhart e t  a l .  1992). In 1997, the principal oyster cultivator on the bay  initiated 
removal of 70%  of their 200 ha of bottom -culture areas to reduce impacts to eelgrass, 
and sim ultaneously began developing areas for longline culture (Coast Seafoods 
Company 1997). Concerns that these efforts to conserve eelgrass may compromise 
tidal flats and their biota prom pted our study. O ur aims were to compare bird abun­
dance, diversity, and composition on longline oyster plots with those on adjacent tidal 
flats. Additionally, we examined habitat correlates of substrates to explain differences 
between longline and control plots.

M ethods

W e selected five longline plots on Hum boldt Bay, representing several locations and 
microhabitats: Arcata Channel, Bird Island, N orth Indian Island, South Indian Island, 
and Mad River Slough (Figure 1). We paired each longline plot with an adjacent 
control (tidal flat) plot similar in area, shape, substrate, m icro-channelization and 
elevation; hereafter these paired plots are referred to as treatm ents. Control plots had 
a similar oyster-culture history to the paired longline plots (Moore 2001a). Longline 
plots consisted of oyster longlines suspended from plastic pipes inserted  vertically 
into the substrate (Figure 2). Longlines were usually spaced into rows 70 cm wide, 
although at three sites (Arcata Channel, South Indian Island and Mad River Slough), 
every fifth row was 1.5 m in width. W e designated these as "narrow " and "wide" 
rows, respectively. A  2 m gap separated every 30-36 m of longline length, creating 
aisles perpendicular to the longline rows (Figure 3). We chose plots w ith rows oriented 
perpendicular to channels to facilitate observation of birds (see below).
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Figure i. Locations of longline and control plots on Humboldt Bay, California.

Before (M ay 1999) and after (June 2000) conducting bird observations, we used a 
stratified random m ethod to sample habitats on longline and control plots. We divided 
each plot in to  a grid of 15 or 16 equal-sized units (3 by 5 or 4 by 4), random ly selected 
units, and then sampled one random  location per unit. In M ay 1999, we sampled 
13 units on all plots except Bird Island, where we sampled only 6 units because of its 
smaller size. In June 2000, we selected 15 units per larger plot and 10 units 011 the 
smaller Bird Island plots.

At each sample site, we used a 65 x 65 cm sampling frame to visually  estimate 
percentage cover of oyster shell and eelgrass. At five locations along the  base of the 
frame, we probed a 4 mm diameter rod 15 cm into the substrate to m easure depth and 
frequency with which the probe encountered resistance from a subsurface object. 
W ithin the sampling frame, we selected locations at random  to m easure penetrability 
and collect a core sample (M ay 1999 only). The device we used to gauge penetrability
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Figure 2. Longlines at South Indian Island, Humboldt Bay, California. Oysters were suspended 
from ropes strung along plastic pipes.

consisted of a 336 g lead weight dropped from a height of 58 cm onto a wooden dowel 
along a 4 m m  diameter rod (Colwell and Dodd 1995). We used a 10.3 cm diameter 
core sampler pushed to a depth of 10 cm to sample subsurface debris. In the labora­
tory, we removed oyster-shell fragments from each core sample w ith a 5 mm sieve, 
and then dried and weighed the shell. We compared (longline vs control plot) eelgrass 
and shell cover, penetrability, frequency of hitting an object w ith the probe, average 
probe depth and shell mass using a two-sanaple f-test or a M ann—W hitney  17-test for 
non-norm al data.

B i r d  s u r v e y s

We conducted paired surveys (longline and adjacent control plots) of birds on 129 
days between 1 June 1999 and 31 M ay 2000, when predicted low tides <0.3 m MLLW 
exposed most plots. Using 10 x 42 binoculars, we surveyed birds from a boat moving 
slowly, perpendicular to longlines. Because fog sometimes compromised identification 
of similar species, we treated three taxa as species for purposes of analysis: peeps 
(Least Sandpipers C a l i d r i s  m i n u t i l l a  and W estern Sandpipers C. m a u r i ) ;  yellowlegs 
(Greater Yellowlegs T r i n g a  m e l a n o l e u c a  and Lesser Yellowlegs T. f l a v i p e s )  and dowi- 
tchers (Short-billed Dowitchers L i m n o d r o m u s  g r i s e u s  and Long-billed Dowitchers 
L, s c o l o p a c e u s ) .  For each bird observed, we recorded the species and w hether it was in 
a narrow row, wide row or aisle, to determine w hether birds used longline spaces of 
different w idths according to their availability.



W a f e r b i r d  u s e  o f  o y s t e r b e d s  a n d  t i d a l  

a) All narrow rows

narrow rows

i '

b) Narrow

narrow rows

wide row  ►

wide row ►

wide row  ►

Figure 3. Layout of longline plots comprising (a) only narrow rows or (fa) narrow rows 
interspersed with wide rows.

We surveyed a location only when longline and paired control plots could be viewed 
under similar flooding conditions (i.e. exposed tidal flat, 1-10 cm water, or >10 cm 
water). W e did not survey plots w ith greater than 45 cm of flooding (when we could 
no longer see longlines), because birds generally could not use plots under those 
conditions. Because the five locations differed in elevation, we began the su rvey  route 
approximately 1.5 h before low tide at the highest elevation plot, and finished around 
low tide at the lowest elevation plot; as a result the order in which we surveyed plots 
was consistent and predeterm ined by tide. On days when (neap) low tides flooded 
low-elevation plots, we began surveys 1 h prior to low tide and did not survey flooded 
plots.

For each species, we compared abundance between treatm ents using a  Wilcoxon 
matched-pairs signed-rank test, pairing data for each day. We analysed the five 
locations separately because of differences in habitat (e.g. elevation and  substrate

vs with wide rows
aisle aisle
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differences) and location (e.g. proxim ity to roosts or alternative feeding habitats), as 
well as different num bers of surveys (Appendix). We used stepwise m ultiple regres­
sions to examine relationships between abundance (standardized as the total observa­
tions of a species divided by num ber of observation days a plot was exposed and hence 
available to foraging birds) of each species and habitat m easurem ents (average 
values recorded before and after bird observations). We included a coded variable 
(longline = 1, control = o) to examine treatm ent effects. For each species, we based plot 
availability on water depth, as most shorebirds do not forage in w ater that is greater 
than "knee"-depth (Evans 1979). We analysed only species that used  a minim um  
of three (of 10) plots. W e transform ed (log10 + 1) non-norm al data. To compare com­
m unity composition between paired plots, we computed Jaccard's index of similarity, 
using the sum  of species present over the year. This index describes the degree to 
which species are present on both a longline plot and its paired control plot by assign­
ing a value between o and 1, w ith o representing no species in common, and 1 indicat­
ing all species in common. We used the Shannon-W einer ( H ' )  index to  gauge species 
diversity and compared H '  values using a paired f-test (of longline and control plots). 
We used a Goodness-of-Fit test w ith Yates' continuity correction to assess w hether 
species (when n  > 1) used narrow versus wide rows (including aisles) in  proportion to 
availability (area).

Results

H a b i t a t  c h a r a c t e r i s t i c s

W ith few exceptions, habitat on plots at the start and end of the s tudy  was similar 
(Table 1). W hen differences existed they involved increased shell cover and decreased 
eelgrass cover on longline plots, perhaps because four of five of these sites had 
unscheduled oyster harvest during the study. Overall, treatm ents w ere similar in 
habitat, bu t control plots tended to have lower shell cover, lower shell mass, lower 
frequency of subsurface hits by correspondingly deeper probes, h igher eelgrass cover 
and lower penetrability than longline plots.

W a t e r b i r d  u s e

We observed 17 species of w aterbird on the five study sites, resulting in 85 possible 
pair-wise comparisons between treatments. Because species never occurred on either 
treatm ent in 17 cases, 68 comparisons resulted. Species varied greatly  in use of 
longline and control plots (Table 2, Appendix). In most cases where significant differ­
ences existed between treatm ents, species were more likely to occur on. longline plots. 
However, two species (Black-bellied Plover P l u v i a l i s  s q u a t a r o l a  and G reat Blue Heron 
A r d e a  h e r o d i a s ) were more commonly encountered on control plots. Lastly, three 
species varied in response to treatm ents, depending on location.

The varied species' responses to treatm ents yielded few consistent differences in 
com m unity patterns between longline and control plots (Table 3). Diversity was 
greater on longline plots compared with controls (Paired f-test, t8 = 4 .i6 , P  = 0.014), 
which was surprising given that there were small differences in num ber of species and 
substantial variation in total observations. Longline and control plots shared 50-92%  
of species, depending on location. Low similarities resulted from the absence of 
wading birds from control plots at two sites.
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B i r d - h a b i t a t  r e l a t i o n s h i p s

Four species exhibited significant relationships between abundance and habita t charac­
teristics (Table 4). Marbled Godwits L i m o s a  f e d o a  were more abundant on plots 
w ith higher eelgrass cover and lower probe depth. Dowitcher abundance correlated 
positively w ith eelgrass cover. Black Turnstones A r e n a r i a  m e l a n o c e p h a l a  were more 
abundant on longline plots, and under conditions of lower penetrability  and greater 
eelgrass cover. Peeps were more abundant on plots with less subsurface debris.

W i d e  v e r s u s  n a r r o w  r o w s

In 15 of 60 comparisons, bird use of wide areas exceeded availability (Table 5). S tron­
gest preference for wide rows was among larger species, including half of all wading 
bird comparisons, together w ith M arbled Godwit, Long-billed Curlew  N u m e n i u s  
a m e r i c a n u s ,  dowitchers, Black Turnstone and Dunlin C a l i d r i s  a l p i n a .  T he pattern of 
greater-than-expected use of wide rows occurred at four locations, the exception being 
N orth  Indian Island where W himbrels N u m e n i u s  p h a e o p u s  and peeps used narrow 
rows disproportionately (Table 4). This narrow, rectangular longline p lo t covered a 
long stretch of shoreline, and it had at least 50% of continuous length w ith  no wide 
rows or aisles. Moreover, the N orth Indian Island plots covered such a great length of 
shoreline th a t the elevation difference across longline and control plots exceeded that 
of any other location. The proportion of a plot consisting of narrow or w ide areas did 
not influence bird use of those areas. Plots where birds used wide areas disproportion­
ately higher than availability ranged from 2.2% to 41.6% wide areas, but N orth 
Indian Island was 3.8% wide area and yielded results favouring the use of narrow 
areas.

Discussion

Shorebird use of longline plots varied among species. W here statistical differences 
were found, five species (W illet C a t o p t r o p h o r u s  s e m i p a l m a t u s ,  W him brel, dowitch­
ers, peeps and Black Turnstone) were always more abundant on longline plots than 
control plots, one species (Black-bellied Plover) was more abundant only  on control 
plots, and three (Long-billed Curlew, Marbled Godwit and Dunlin) used longline or 
control plots differently depending on location. Species that exhibited no  clear pattern 
of longline and control plot use were infrequently observed, thus sm all sample sizes 
(either num ber of days present or total num ber of birds) probably influenced results. 
Variation in use of longlines was not clearly defined by taxonomy, b u t presumably 
reflected the behaviour and habitat associations of different species.

Greater bird abundances on longline plots suggest that some species may have 
responded to an increased foraging opportunity, either by focusing on increased prey 
density or by exploiting greater prey diversity. Shorebird densities a re  commonly 
correlated w ith the densities of their principal prey (Goss-Custard e t  al . 1977, Bryant 
1975, Pienkowski 1982, M eire and Kuyken 1984), so densities of foraging shorebirds 
should be higher where main prey abundances are higher. Conversely, shorebirds 
m ay diversify their diet to compensate for low densities of their main prey (Hicklin 
and Smith 1984).

Shellfish beds create habitat for benthic fauna by providing cover and nutrients 
(e.g. Kaspar e t  al. 1985, Dankers and Zuidema 1995). O ysters and shell fragments
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falling from  longlines probably accounted for greater surface and subsurface debris 
measured at some longline plots. Shells on lines and on the ground m ay therefore 
have enabled higher invertebrate densities and improved foraging opportunities for 
some shorebirds.

In addition to potentially higher prey densities, increased prey availability may 
result from unique microtopography characteristics on oysterbeds. Substrate wetness 
enhances penetrability, which may increase prey availability (Myers e t  al .  1980, 
Connors e t  al . 1981, Kelsey and Hassall 1989), because burrowing invertebrates 
remain near the water level as the surface dries {Grant 1984, Puttick 1984). 
M icrotopography on longline plots included footprint depressions of oyster workers 
and scoured areas, sometimes holding water, around support pipes and oysters.

Shellfish culture areas may also experience greater overall invertebrate diversity, 
w ith invasions of new species at the expense of natives (M attson and Linden 1983). 
For example, localized mudflat tram pling by oyster workers may m im ic natural 
bioturbation, resulting in altered invertebrate communities w ithin tram pled patches 
and increased total diversity over a greater area (Raffaelli and M ilne 1987, Cadee 
1990, Haii e t  al. 1991)- Additionally, longlines probably trapped floating algae and 
provided structures for anchorage (Everett e t  al. 1995): U l v a  and P o r p h y r a  were 
attached only to support pipes on longline plots, and E n t e r o m o r p h a  was tangled in 
longlines at Bird Island but absent from the control plot. These algal m ats support 
more abundant bu t different invertebrate assemblages compared with bare mudflats 
(Perkins and Abbott 1972, Soulsby e t  al .  1982, Norkko e t  al. 2000).

Willet and W him brel abundances were especially higher on longline plots. 
Additionally, apart from two individuals, W himbrels used longline plots exclusively. 
Because both species employ a variety of foraging techniques (Velasquez and Navarro 
1993, Turpie and Hockey 1997) and have widely varied diets (Stenzel e t  al. 1976, 
Velasquez and Navarro 1993), they are able to feed in m any habitat types, including 
areas w ith bottom  culture of oysters (Moore 2001b). Consistently greater use of 
longline plots suggests that Willets and W him brels benefited m ost from  either more 
abundant or more diverse prey resources that longlines offered.

W hen differences existed, dowitchers, peeps and Black Turnstones were more 
abundant only on longline plots. Dowitchers and peeps peck and probe the substrate 
for prey (Grant 1984, Colwell and Landrum 1993), and therefore may have been less 
able than W illets or W himbrels to exploit a potentially more diverse prey  base. Black 
Turnstones were more abundant on longline plots at only two of four locations, but 
they used longline plots almost exclusively. Turnstones typically frequent rocky 
coasts, w here they forage by flipping over stones and algae and pecking at prey 
(Hayman e t  al. 1986). In this study, Black Turnstones were sometimes observed peck­
ing directly at oyster lines or at oysters on the ground. The presence and. behaviour of 
turnstones, coupled w ith the positive correlation between turnstone abundance and 
firm er substrates, suggest that longline plots had characteristics of a different habitat 
from relatively unaltered tidal flats.

Several explanations could account for greater use and increased foraging on control 
plots by Black-bellied Plovers. First, plovers use visual cues to detect p rey  (Pienkowski 
1983, Turpie and Hockey 1997), and their stereotyped run-stop-peck m ethod of prey 
capture is associated w ith a specialized diet (polychaete worms: Baker 1974). Thus, 
if longline plots had altered prey communities, plovers probably did no t respond by
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diversifying their feeding habits. Second, because obscured visual cues decrease 
efficiency of prey capture by visual feeders (Dann 1991, Shepherd and Boates 1999), 
the structural habitat complexity of longlines m ay have rendered plovers less able to 
detect and capture prey. Finally, territoriality caused by m utual avoidance of non­
breeding Black-bellied Plovers (Stinson 1977, Townshend e t  al. 1984, Turpie 1995) 
may have resulted in foraging interference. Behavioural responses of surface inverte­
brates (Goss-Custard 1970, Backwell e t  al. 1998) result from high densities of visual 
foragers (Goss-Custard 1984). Thus, visual feeders experience lower feeding success 
than tactile foragers in the presence of other birds (Goss-Custard 1976, Goss-Custard 
1980, Selman and Goss-Custard 1988). Significantly greater num bers of Black-bellied 
Plover on control plots in two of five cases may indicate one or more of the  following: 
(1) greater total num bers of shorebirds on longline plots interfered w ith plover 
foraging by making prey less available, (2) plovers were less able to detect otherwise 
available prey because of visual obstructions, or {3) the principal p rey  of plovers 
occurred in higher density on control plots.

American Avocet R e c u r v i r o s t r a  a m e r i c a n a  abundance was not high enough to yield 
statistically significant results, bu t their exclusive use of control plots m ay reflect 
specific habitat requirem ents dictated by morphology. Because avocets forage on wet 
tidal flats by pecking or scything the long, recurved bill sideways through the mud for 
prey, reduced foraging success and fewer scythes (more pecks at the surface) result 
from  increased sediment particle size (Quammen 1982). Longline structures, fallen 
oysters and shell fragm ents may similarly impede the sweeping motion of avocets by 
blocking areas at or beneath the surface.

The use of longline and control plots by Long-billed Curlew, Marbled Godwit and 
D unlin varied across locations. At Hum boldt Bay, some Long-billed Curlews defend 
feeding territories during the non-breeding season (Colwell and M athis 2001). 
Relatively low densities of curlews on most study plots suggest that territories may 
be uniform ly distributed at the spatial scale of this study (Mathis e t  al .  in review). 
H abitat use m ay thus be difficult to discern if only one or two curlew territories 
overlap a longline or control plot.

Marbled Godwit use varied w ith location elevation. Godwits were m ore abundant 
on longline than control plots at the three highest elevations. However, because 
godwit abundance was positively correlated w ith eelgrass cover, and control plots of 
low elevations had greater eelgrass cover than longline plots, godwits were more 
abundant on control than longline plots at lower elevations. Godwit and o ther species 
(dowitchers, Black Turnstone) whose abundances increased w ith eelgrass cover may 
have responded to high abundance (Homziak e t  a l  1982, Heck e t  al. 2989), diversity 
(Stoner 1980), richness (Lewis and Stoner 1983, Heck e t  al . 1995) or availability 
(reduced desiccation: Kalejta and Hockey 1991) of prey in eelgrass beds. It is unknown 
w hether longlines influence eelgrass patterns because historical distributions of 
eelgrass on Hum boldt Bay are not well documented, and bottom culture of oysters 
over 50 years may have influenced eelgrass growth and density prior to longline 
im plem entation (e.g. Waddell 1964). The unexpected negative relationship between 
godwit abundance and measured probe depth m ight be spurious or could indicate that 
godwits frequently pecked prey from eelgrass rather than probing the substrate.

Dunlin use of longline and control plots did not vary according to any  measured 
habitat variable. Dunlins forage using visual and tactile cues; they peck and shallowly 
probe to detect prey (Kelsey and Hassall 1989). Thus, greater num bers at two control
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plots and one longline plot obscure the relationship between D unlin foraging 
behaviour and plot use.

P r e d a t o r  a v o i d a n c e

Kelly e t  al. (1996) suggested that off-bottom structures could conceal shorebirds from 
raptors, bu t selection of longline sites for protection should not be expected from 
shorebirds, which typically do not seek cover to avoid predation (Metcalfe 1984a). 
Shorebirds in flocks share vigilance w ith neighbours they can see (Metcalfe 1984b), 
but birds foraging on structurally complex longline plots m ay spend m ore time being 
vigilant and thus benefit less from feeding in flocks (Stinson 1980, M etcalfe 1984a). 
W ithin longline plots, greater proportional use of wide rows than narrow  rows by 
some species may be a strategy to exploit the prey base while experiencing greater 
overhead visibility.

W a d i n g  b i r d s

All wading birds except Great Blue Heron were more abundant on longline plots than 
on control plots, when differences existed. Alterations to mudflats by longlines may 
have produced favourable foraging conditions by enhancing invertebrate density at 
the surface, as described above, or by trapping small fish in pools form ed via erosion 
or trampling. For example, at two locations that were never flooded during observa­
tions, waders were absent from control plots but foraged on longline plots, suggesting 
that they fed on prey made available directly or indirectly by the presence of 
longlines. Black-crowned N ight-H eron N y c t i c o r a x  n y c t i c o r a x  occasionally perched on 
longlines during higher tide levels, perhaps to continue fishing (Godin 1977). Oysters 
themselves probably contribute to the diets of waders. We observed one Great Egret 
A r d e a  a l b a  pecking at an oyster, and we were told by oyster workers th a t egrets can 
consume a substantial proportion of young that are left on tidal flats in mesh bags to 
m ature prior to "planting" in longlines.

W ithin longline plots, waders frequently used wide rows proportionately more than 
narrow rows. Wide rows may possess features of both longline and control plots: 
altered prey base w ith open space for greater visibility. Birds may benefit by detecting 
prey w ith fewer visual obstructions and by increased vigilance.

C o n c l u s i o n s

Differential species use of study plots on Hum boldt Bay implies that longline oyster 
culture altered mudflat habitats and prey populations. Overall, birds did not appear to 
avoid longline areas compared w ith adjacent tidal flats. Rather, m any species were 
more abundant and diversity was greater on longline plots. A ny benefits of longlines, 
however, m ay be temporary, as m ature oysters and lines are removed every 2-3 years 
and replaced with bare shells (Griffin 1997), and plots are periodically rotated out of 
culture (Coast Seafoods Company 1997). Further, tem porary benefits to birds may be 
compromised by long-term  habitat impacts, such as increased sedim entation or loss of 
native m udflat fauna (Kaspar e t  a l  1985) via competition w ith exotic species.

Given the relatively recent origins of longline oyster culture on H um boldt Bay, 
future study should examine the succession of changes in sediment and vegetative



W a t e r b i r d  u s e  o f  o y s t e r b e d s  a n d  t i d a l  f l a t s 251

_o
"cl
U

"P
tío

~0
C o  
« §

t i  °<u£ tí
• S Si— H C——.

C? O
■—1 o\
r-
O0  H

% i
CUc/l

_ Q
O

eo
Vhc/l <4-1 

CU
'C 1:3
^  £ 1/1 o 

- a  bs
• b C3
-£ uO)
•b >*5 03
£  CO

K S0/ -tí

■fi §

p
o

"cl
J =o03Ë

I ^ S
6  £  

- G  <U
tí >
« tín  03

0 0> O r-

Os
C

N ir\
O Ó

iNC

\o u-\ ^iN -+

3-
4

-  Ö
iN
O

N
O

O
O ^
4  C 0

•*f*N r-s **\ 
T-

r~\

4-
4 CO f'I
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qualities of longline plots and the effects these have on invertebrates and their avian 
predators. Foraging of birds could be further studied to address w hether individuals 
use similar foraging techniques, feed on the same prey, or have similar intake rates in 
longline areas as on mudflats. The process of rotating plots out of culture should be 
studied to determine w hether altered populations (e.g. invertebrates, eelgrass) return  
to original distributions when longlines are removed.
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