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“Biodiversity”

• BUZZ but often unclear definitions

• global and local diversity

• simple concept with troublesome details

• conservation and ecological importance

- niches, competition, resilience to change

- marine reserves, indicators of change, 
fisheries interactions



Objectives

• describe patterns of pelagic seabird diversity

• show effects of scale and methods

• which environmental factors correlate with 
seabird diversity?

• map change over time



Difficulties

• non-linear relation to survey effort 

• weight on evenness vs richness

➡ rarefied richness

➡ consensus-index



Measures of diversity

• raw species richness

• rarefied richness by individuals

• combining richness and evenness

• Shannon diversity index

• Simpson diversity index

• consensus of Shannon and Simpson



North Pacific Pealgic 
Seabird Database

• BC to Alaska and Russia

• opportunistic coverage

• used 1975–2009,  May–August

• excluded aircraft or container vessels

• >100 thousand records, >10 Mio birds 



Grid Scale

• 5 km – 1000 km

• compromise between data and locational 
accuracy: 20 km

• affects correlations
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Scale-dependent 
Correlations

• distance from land

• sea surface temperature

• bathymetry

• primary productivity

• total seabird density
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Change over time
diversity anomaly
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0.0043; Fig. 3A). The ratio of arctic : subarctic biomass
declined over most of the survey area (Fig. 3B) and the
average ratio within the cold pool declined rapidly after
about 1995 (GAM, R2¼ 0.62, P¼ 0.001; Fig. 3B). Mean
trophic level of survey catches increased throughout
much of the survey area, except in shallow inshore areas,
between the early and late period (Fig. 3C). Within the
cold pool, trophic level decreased in the 1980s, followed
by a strong increasing trend since the early 1990s (GAM,
R2 ¼ 0.53, P ¼ 0.004; Fig. 3C). Changes in species
richness showed a more complex spatial pattern, with
strong increases over much of the middle shelf region
and decreases along the slope and in the northeast.

Mean richness in the cold-pool area showed a strongly

nonlinear trend over time (GAM, R2¼ 0.70, P¼ 0.0002;

Fig. 3D), increasing from an average of about 13 species

per haul prior to the early 2000s to an average of 15

species per haul in recent years.

Climate–distribution links

Changes in distribution of 11 taxa were significantly

related to bottom temperature; in all cases, the center of

distribution moved north with warmer temperatures

(Table 1). Residual variability in distribution shifts not

explained by bottom temperature generally showed

FIG. 3. Changes in the biogeography of the Bering Sea indicated by four community metrics. Left-hand panels show spatial
changes between the first five (1982–1986) and last five (2002–2006) years in the bottom-trawl survey time series. Blue indicates
declining values; green and yellow indicate increasing values. Black lines indicate no change; values more extreme than those
indicated by red dashed lines are significant at P , 0.05. The right-hand column shows temporal trends within the area occupied by
the cold pool at the start of the time series (i.e., during 1982–1986, denoted by the 28 contour in Fig. 1D). Total catch per unit effort
(CPUE; Mg/km2) of all taxa combined was computed for each individual survey haul as total catch divided by the area swept by the
trawl. CPUE was fourth-root transformed (CPUE0.25) to normalize values for statistical analyses. Trophic level was computed for
each haul as a CPUE-weighted average across all taxa using taxa-specific trophic levels from Table 1. Spatial anomalies of the four
community metrics and their annual means in the cold pool were estimated as described in Methods.
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Outlook

• indicator species of change

• data-driven eco-regions

• mechanisms for change



Conclusions

• cannot use observed richness

• diversity is related to: 

• total density (scale-dependent)

• distance to land (-) [and bathymetry]

• SST (+)

• primary productivity (+)

• resemblance with change in fish diversity



Conclusions

Rarefied diversity (species/100 birds)
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