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• Declines in: 
– abundance 
– size 
– reproductive output

• Changes in:
– sex ratio
– behavior & distribution

• Changes in:
– Trophic structure
– Predator-prey dynamics
– Habitat 
– Algal & inverts
– Phase-shift 

Direct Effects Ecosystem Effects



Increases in Fishing Capacity in the US Virgin Islands
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Changes in Grouper Species - U.S. Virgin Islands
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Spawning aggregation closure for red hind in the US 
Virgin Islands resulted in increased fish size and more 

males over time 

Beets & Friedlander 1999, Sladek Nowlis & Friedlander 2005

http://www.fishbase.org/Photos/PicturesSummary.cfm?ID=15&what=species


Changes in Max. Size of Important Species in 
Virgin Islands National Park from 1989 to 2006

Friedlander and Beets 2008 % change in max. size (1989 to 2006)
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Change in Size and Sex Ratio of Harvested Change in Size and Sex Ratio of Harvested MoiMoi
((PolydactylusPolydactylus sexfilissexfilis) on Oahu since the 1960) on Oahu since the 1960’’ss

Sex 1960s 1999 Size
Juv 6.4% 39.70% ***
M 52.3% 33.80% ***
H 17.8% 10.30% ***
F 23.5% 16.20% ***



Loss of Herbivores lead to Algal-dominated Reef

Friedlander et al. 2008
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Status of 55 MHI Reef Fish Stocks relative to 
Unfished, Virgin Stocks in the NWHI
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Friedlander et al. 2008
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Declines in Fish Biomass across a Gradient 
of Human Impact in the Line Islands
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Advances in fishing Advances in fishing 
technologytechnology

have reduced natural have reduced natural 
refugesrefuges



Percent Difference in Fish Assemblage Characteristics 
between MPAs and Open Areas in Hawaii
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Recognize natural rhythms Recognize natural rhythms 

Do not disturb basic renewal processesDo not disturb basic renewal processes

Monitor cues (moon, season, habitat)Monitor cues (moon, season, habitat)

Resource knowledgeResource knowledge

–– IntimacyIntimacy

–– AncestorsAncestors

Traditional Hawaiian Marine Traditional Hawaiian Marine 
Resource UseResource Use





Mo’omomi Fish Spawning Calendar (2000) 
Red = Peak Spawning Months, Orange = Other Spawning Months

Friedlander et al 2002, Poepoe et al 2003



Comparison of Fish Biomass in Areas under Various 
Management Regimes in Hawaii
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• Overfishing has led to:
– Reduced abundance, size & sex ratios of key sp.
– Loss of ecosystem function

• Loss of top-down control by predators
• Loss of herbivores lead to algal overgrowth

• MPAs highly effective in conserving populations
• Traditional community-based management 

effective in appropriate locations
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