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Oyster Reef Ecology

Oysters build reefs

create a unique habitat
increase biodiversity
nursery grounds
refuge from predation
foraging sites

Presenter
Presentation Notes
The Eastern oyster, Crassostrea virginica, is a valuable ecological species. One aspect of the oyster’s importance is that oysters build reefs.  Oyster reefs create a unique habitat that supports high biodiversity and serves as nursery grounds, predator refuge and foraging sites for many species.




Intertidal Oyster Reefs in Delaware Bay
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Presentation Notes
The Cape Shore is an area in lower Delaware Bay that consistently receives high oyster recruitment.  Ephemeral intertidal oyster reefs form occasionally along the Cape Shore. The ephemeral nature of oyster reefs in this area is thought to be due to predation, disease, freezing and ice shear.  Here is a historical depiction of an ephemeral constructed oyster reef from the 1940’s at Cape Shore and below is an oyster reef photographed in 2004.  This reef has since disappeared.



Why Don’t Intertidal Oyster Reefs  
Persist in Delaware Bay?

Presenter
Presentation Notes
Intertidal oyster reefs are common in the Southeastern US so Why don’t intertidal oyster reefs persist in Delaware Bay?  



Preliminary 
Study 

Summer 2006

Three shellbag reefs
• 1-layer (Reef 1)
• 2-layer (Reef 2)
• 3-layer (Reef 3)

Monitored oyster 
recruitment & mortality

Examined reef 
persistence thru winter
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To address these questions a preliminary study was conducted in summer 2006 on the Cape Shore intertidal sand flats.  Three shellbag reefs of varying heights (1 layer, 2 layers or 3 layers of shellbags) were constructed to examine the effect of height on reef persistence.  The three reefs were monitored for oyster recruitment and mortality through fall 2006 and reef persistence thru winter was assessed in April 2007.  



Summer 2006 Oyster Recruitment

Presenter
Presentation Notes
Natural oyster recruitment occurred shortly after the reefs were constructed.  On the left is a picture of the 2 layer reef when it was constructed in June and the right is the same reef in October with natural oyster recruitment. In October, live and dead oysters were counted using a 10cm quadrat to estimate oyster recruitment and mortality. 
Oyster recruitment on Reef 1 and 2 was significantly greater and nearly double than Reef 3.  This difference is partly because little recruitment occurred on the top layer of Reef 3. Mortality increased from reef 1 to reef 3 but this increase was not significant.



Over-Winter Survival 2007
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- High mortality on Reef 1 due to sedimentation
- Reef height necessary for reef persistence

What do they attract?
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In April 2007, the reefs were assessed for over-winter survival.  Here is a profile of the 3 reefs and you can see reef 1 has been almost completely covered by sediment while Reef 2 and 3 were less affected by sedimentation and retained their structure. 
Over-winter, the oyster abundance pattern shifted and abundance was highest on Reef 2 and lowest on Reef 1.  The high over-winter mortality on Reef 1 was due to sedimentation.  Shifting sediments contribute to the ephemeral nature of oyster reefs in this area of Delaware Bay. Therefore, adequate height is necessary for reef persistence.  Now that we know intertidal oyster reefs can persist, the next question is what do they reefs attract?
The results from this preliminary study were used to initiate a study on the habitat utilization of constructed intertidal oyster reefs.





Oyster Aquaculture at Cape Shore
New activity on the tidal flats
Rack and bag system creates structure
Are these structures functionally equivalent to oyster reef habitat?
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Commercial oyster aquaculture is a relatively new activity being conducted on the tidal flats of Cape Shore. Oysters are grown in rack and bag systems. (which can be see here) These aquaculture racks create structure on the sand flats while protecting oysters from predators and could therefore be considered artificial versions of oyster reefs.  But Are these structures functionally equivalent to oyster reef habitat?



2007 Habitat Comparisons

Do intertidal reef and aquaculture habitats support increased 
motile macrofuana diversity, abundance and biomass?

Are constructed shellbag reefs and aquaculture racks 
comparable habitat for motile fauna?

• 6 replicate 2-layer shellbag reefs (1.5 m x 3 m)
• 6 control sand plots
• 6 aquaculture racks
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In order to compare habitat utilization of reefs and aquaculture racks, 6 replicate 2-layer shellbag reefs were constructed on the flats at Cape Shore in May 2007.  6 control sand plots and 6 aquaculture racks (of equivalent reef size) were also marked.   By comparing these 3 habitat types we aimed to answer the questions
Do intertidal reefs and aquaculture habitats support increased motile macrofauna diversity, abundance and biomass?
And Are constructed shellbag reefs and aquaculture racks comparable habitat for motile fauna?



18 eel pots
18 minnow traps
6 crab pots

Randomized block design to ensure 
all sampled simultaneously

Motile Fauna Trap Sampling

39 tides sampled 
May to October

Treatments:
Reefs
Racks
Sand
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To address these questions motile fauna were sampled on reef, aquaculture and sand treatments using unbaited traps for 39 tides from May to October. 
A randomized block design was used to ensure treatments were sampled simultaneously using 18 eel pots, 18 minnow traps and 6 crab pots.



Oyster Recruitment & Mortality
ab bab ab ab

High recruitment
Low early mortality 

16 ten-cm2 quadrats per reef
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Live and dead oyster were counted using 16 10cm quadrats per reef to estimate recruitment and mortality.  (click) 
All six shellbag reefs received high oyster recruitment.  ANOVA results show recruitment on Reef 4 was significantly higher than Reef 1 and Reef 3. 
While early mortality was consistently low across all six reefs.



Common Name Species Name Sand Reef Aquaculture
Grass shrimp Palaemonetes pugio 541 1890 3534
Eastern mud snail Nassarius obsoletus 117 869 840
Longwrist hermit crab Pagurus longicarpus 235 867 658
Blue crab Callinectes sapidus 60 53 58 
Sand shrimp Crangon septemspinosa 70 30 33 
American eel Anguilla rostrata 2 15 42
Atl horseshoe crab Limulus polyphemus 13 16 1
Silver Perch Bairdiella chrysoura 1 2 17 
Estuarine mud crab Rhithropanopeus harrisii 3 12 4 
Striped Cusk-eel Ophidion marginatum 5 3 2 
Atl silverside Menidia menidia 3 6 7 
Flatback mud crab Eurypanopeus depressus 3 10 1 
Atl mud crab Panopeus herbstii 2 2 2
Smallmouth flounder Etropus microstomus 3 1
Striped Bass Morone saxatilis 1 1
Atl Croaker Micropogonias undulatus 1 3
Asian shore crab Hemigrapsus sanguineus 1
Naked goby Gobiosoma bosc 6 5
Oyster toadfish Opsanus tau 2 1
Pinfish Lagondon rhomboides 2 2
Green crab Carcinus maenas 1 1
Summer flounder Paralichthys dentatus 1 1
Black Sea Bass Centropristis striata 1
Alewife Alosa pseudoharengus 2
Bay anchovy Anchoa mitchilli 2
Gray snapper Lutjanus griseus 1
Spot Leiostomus xanthurus 1
Striped killifish Fundulus majalis 1
Weakfish Cynoscion regalis 1
White Perch Morone americana 1

Species Richness 17 22 25

Presenter
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A total of 30 species were collected during the trap sampling period.  Species richness was significantly lower on the sand with only 17 species while 22 species were associated with the shellbag reefs and the highest species richness was found on the aquaculture racks with 25 species.  Two patterns that stand out when looking at this species list
is that the lower 1/3 of the species listed were not present on the sand and out of these species
7 of them were unique to the aquaculture racks. 
The most abundant species collected are at the top of the list and were present on all three habitat types in varying abundances.  Of the eight most abundant species, blue crabs and sand shrimp, were most abundant on the sand flats.



Species Abundance and Biomass
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Here we have Box plots for total species abundance. ANOVA results indicate the sand total abundance is significantly less than both Reef and Aquaculture abundances.  Reef mean abundance was 3x more than the sand while the Aquaculture mean abundance was 5x more than the sand.  Average abundance was the highest on the Aquaculture racks, but median abundances were similar for Reef and Aquaculture treatments.
The pattern is similar for Total Biomass again with the sand total biomass significantly less than both Reef and Aquaculture.  Average biomass was highest for the Aquaculture treatments.




Species Composition PCA

• PCA – 99% of species composition variation
• PC1 – 95%
• Linear regression with PC1 scores and habitat relative depth
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Species abundance for the three habitat types was highly variable.  A Principal Component Analysis (PCA) was used to examine the variability in species composition of the eight most abundant species for the three habitat types. Two principal components characterized the species composition and explained 99% of the variation with 95% explained by Principal component 1. The three treatments cluster separately on the PCA ordination chart. Sand replicates cluster tightly in the lower left quadrant, while reef and aquaculture treatments over lap along PC1, but not on PC2. PC1 scores were regressed against several variables to identify factors contributing to the variation in species composition. 

A linear regression of habitat relative depth and PC1 shows that species composition is associated with relative depth.  If you look at the regression by habitat there is no relation for sand (R2=0.24), a strong relation for reef R2=0.87, and an intermediate relationship for aquaculture R2 =0.56. Therefore, relative depth and habitat type are contributing to variation in species composition. 



Common Name Species Name Sand Reef Aquaculture
Grass shrimp Palaemonetes pugio 541 1890 3534
Eastern mud snail Nassarius obsoletus 117 869 840
Longwrist hermit crab Pagurus longicarpus 235 867 658
Blue crab Callinectes sapidus 60 53 58
Sand shrimp Crangon septemspinosa 70 30 33 
American eel Anguilla rostrata 2 15 42
Atl horseshoe crab Limulus polyphemus 13 16 1
Silver Perch Bairdiella chrysoura 1 2 17 
Estuarine mud crab Rhithropanopeus harrisii 3 11 4 
Striped Cusk-eel Ophidion marginatum 4 3 2 
Atl silverside Menidia menidia 1 4 6 
Flatback mud crab Eurypanopeus depressus 2 4 1 
Atl mud crab Panopeus herbstii 2 1 2
Smallmouth flounder Etropus microstomus 3 1
Striped Bass Morone saxatilis 1 1
Asian shore crab Hemigrapsus sanguineus 1
Atl Croaker Micropogonias undulatus 1
Naked goby Gobiosoma bosc 3 3
Oyster toadfish Opsanus tau 2 1
Pinfish Lagondon rhomboides 2 2
Green crab Carcinus maenas 1 1 
Black Sea Bass Centropristis striata 1
Alewife Alosa pseudoharengus 2
Bay anchovy Anchoa mitchilli 2
Spot Leiostomus xanthurus 1
Striped killifish Fundulus majalis 1
Summer flounder Paralichthys dentatus 1
Weakfish Cynoscion regalis 1
White Perch Morone americana 1

Species Richness 17 20 24

• Important commercial fishery species

• Complex life history

• Yellow-phase eels in estuaries 2-20 years

• Are American eels a resident species utilizing oyster reefs 
and aquaculture racks as habitat?
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For the remainder of the talk I am going to focus on 1 particular species from this list the American eel, Anguilla rostrata.  
The American eel is a commercially important species with a complex life history.  Yellow-phase eels can remain in estuarine habitats from 2 to 20 years prior to their fall spawning migration back to the Sargasso Sea.  Eels have been documented utilizing oyster reefs but this association has not been studied in depth.  In this study, yellow-phase american eels were the most abundant fish species associated with Reef and Aquaculture habitats.  A mark-recapture study was conducted to assess if eels are a resident species utilizing oyster reefs and aquaculture racks as foraging and refuge grounds.



American Eel 
Mark-Recapture

• 52 eels marked
•Aquaculture > Reef > Sand

• 7 eels recaptured 
•1 recaptured 2x
•13% recapture rate
•no preference 

• n = 4 Aquaculture 
• n = 3 Reef
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A total of 52 eels were marked from May to October.
Eels were most abundant around Aquaculture racks followed by reefs and only 2 eels were marked on the sand. 
7 eels were recaptured during the sampling period with one eel recaptured twice resulting in a 13% recapture rate.
Recaptured eels showed no preference between aquaculture or reef habitats.  4 were recaptured on the racks and 3 on the reefs.
Total Biomass showed the same pattern as Total Abundance.



Conclusions
Constructed reefs and aquaculture racks support increased species 
richness, abundance and biomass compared to sand flats.

Rack and bag oyster culture increased species richness of motile 
fauna by increasing habitat diversity. 

Oyster aquaculture structures are at least functionally equivalent 
habitat as intertidal oyster reefs.

Species composition is influenced by both habitat type and relative 
depth.

Mark-recapture results show Anguilla rostrata is a resident reef/rack 
species.
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In conclusion, constructed oyster reefs and aquaculture racks support increased species richness, abundance and biomass compared to sand flats.  Rack and bag oyster culture increased species richness and diversity of motile fuana by increasing habitat diversity.  Also, oyster aquaculture structures at Cape Shore are at least functionally equivalent habitat as intertidal oyster reefs.
Species composition is influenced by both habitat type and relative depth and the mark-recapture study indicated that the american eel is a resident species utilizing both intertidal reef and aquaculture rack habitats.
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