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Coastal	
  ecosystem	
  services	
  

Habitat	
  

Carbon	
  	
  
storage	
  

Sediment	
  Stabiliza1on	
  

Tourism,	
  Recrea1on,	
  Aesthe1cs	
  



Habitat	
  Degrada1on	
  &	
  Loss	
  

Wayco9	
  et	
  al.	
  2009	
  

Seagrass	
  Losses	
  >30%	
  

Beck	
  et	
  al.	
  2011	
  	
  

Oyster	
  Losses	
  –	
  65-­‐85%	
  

Valiela	
  et	
  al.	
  2001	
  

35%	
  of	
  mangrove	
  area	
  
has	
  been	
  lost	
  since	
  1980s	
  

>	
  40%	
  decline	
  of	
  North	
  
American	
  salt	
  marshes	
  

Gedan	
  and	
  Silliman	
  2009	
  



Coastal	
  development	
  



Coastal	
  erosion	
  
Causes:	
  
•  Ambient	
  wave	
  energy	
  
•  Storm	
  events	
  
•  Disrup1on	
  in	
  sediment	
  supply	
  
•  Changes	
  in	
  shoreline	
  topography	
  
•  Removal	
  of	
  vegeta1on	
  
•  Boat	
  wakes	
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~10%	
  of	
  the	
  shoreline	
  from	
  
Connec1cut	
  to	
  Maine	
  is	
  
hardened	
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U.S.	
  Shoreline	
  Hardening	
  Conclusions	
  

•  14%	
  of	
  the	
  total	
  U.S.	
  
shoreline	
  is	
  hardened	
  
(~22,000	
  km)	
  

•  Housing	
  density	
  best	
  
predictor	
  on	
  Atlan1c	
  
sheltered	
  and	
  Gulf	
  coasts	
  

•  South	
  Atlan1c	
  and	
  Gulf	
  
coasts	
  projected	
  to	
  see	
  
largest	
  increases	
  in	
  coastal	
  
popula1on	
  

Gi9man	
  et	
  al.	
  2015.	
  Fron%ers	
  in	
  Ecology	
  and	
  the	
  Environment	
  



What	
  are	
  the	
  Ecological	
  Effects	
  of	
  Shoreline	
  Hardening?	
  

Seawalls/Bulkheads	
  

Riprap	
  revetments	
  

Breakwaters	
  

Gi9man	
  et	
  al.	
  In	
  revision.	
  BioScience	
  



Meta-­‐analysis	
  methods	
  

Metric	
   Structure	
  Type	
   No.	
  Studies	
   No.	
  Responses	
  	
  

Biodiversity	
  
Seawall	
   11	
   20	
  

Riprap	
   8	
   14	
  

Breakwater	
   5	
   11	
  

Abundance	
  
Seawall	
   22	
   67	
  

Riprap	
   7	
   22	
  

Breakwater	
   8	
   36	
  

Flora	
  

Benthic	
  infauna	
  

Birds	
  

Nekton	
  

Epibiota	
  

Gi9man	
  et	
  al.	
  In	
  revision.	
  BioScience	
  



Affected	
  flora	
  and	
  fauna	
  
•  Benthic	
  infauna	
  (e.g.,	
  Seitz	
  et	
  al.	
  2006):	
  

–  Polychaetes,	
  amphipods	
  
–  Clam	
  (Macoma	
  balthica)	
  
	
  

•  Shore	
  birds	
  (e.g.,	
  Dugan	
  et	
  al.	
  2006,	
  2008):	
  	
  
–  Spo9ed	
  sandpiper	
  (Ac%%s	
  macularius)	
  
–  Sanderling	
  (Calidris	
  alba)	
  
–  Willet	
  (Tringa	
  semipalmata)	
  	
  
–  Killdeer	
  (Charadrius	
  vociferus)	
  	
  
	
  

•  Nekton	
  (Peterson	
  et	
  al.	
  2000,	
  Gi9man	
  et	
  al.	
  2016,	
  Seitz	
  et	
  al.	
  2006)	
  
–  Blue	
  crabs	
  (Callinectes	
  sapidus)	
  	
  
–  Mummichogs	
  (Fundulus	
  heteroclitus)	
  
–  Penaeid	
  shrimp	
  
–  Spot	
  (Leiostomus	
  xanthurus)	
  



What is lost? 
  

Shallow Refuge 
SAV Tidal 

Marsh 

•  Sediment transport & particle-size change  
•  Vegetation loss  
•  Benthic Fauna, Birds, Fish abundance reduced   
•  Denitrification capacity reduced  

Changes occur BELOW the MHW line: 
 

Bulkhead 

Reflected Waves 

Scour 

Fig. courtesy T. Jordan 

..and have negative impact on public trust resources 

Shoreline	
  hardening	
  



What	
  are	
  the	
  alterna1ves?	
  

Living	
  shorelines	
  “A	
  living	
  shoreline	
  
incorporates	
  	
  vegeta1on	
  or	
  other	
  ‘sok’	
  
elements	
  alone	
  or	
  in	
  combina1on	
  with	
  
some	
  type	
  of	
  harder	
  shoreline	
  
structure	
  (e.g.	
  	
  oyster	
  reefs	
  or	
  rock	
  sills)	
  
for	
  added	
  stability.	
  Living	
  shorelines	
  
maintain	
  con1nuity	
  of	
  the	
  natural	
  land	
  
-­‐	
  water	
  con1nuum	
  and	
  reduce	
  erosion	
  
while	
  providing	
  habitat	
  value	
  and	
  
enhancing	
  coastal	
  resiliency.	
  	
  
(NOAA	
  2015).	
  



Sampling	
  Design	
  



Comparison	
  of	
  marshes	
  with	
  and	
  without	
  sills	
  

Gi9man	
  et	
  al.	
  2016	
  Ecological	
  Applica%ons	
  
A A

A A



Mul1ple	
  	
  
shoreline	
  
comparison	
  

Gi9man	
  et	
  al.	
  2016	
  Ecological	
  Applica%ons	
  

Control	
   Sill	
   Bulkhead	
  

A A
A

A A A

A AB

B

A A
B

A A
A

A A A

A AB

B

A A
B

A A
A

A A A

A AB

B

A A
B



Habitat	
  provision	
  conclusions	
  

•  Living	
  shorelines	
  can	
  serve	
  as	
  be9er	
  habitat	
  than	
  
bulkheads	
  

•  Sills	
  may	
  func1on	
  similar	
  to	
  oyster	
  reefs	
  in	
  terms	
  of	
  
providing	
  refuge	
  and	
  foraging	
  opportuni1es	
  

	
  



Shoreline	
  Resilience	
  

NOAA	
  2011	
  



Gi9man	
  et	
  al.	
  2014.	
  Ocean	
  &	
  Coastal	
  Management	
  	
  

Post-­‐hurricane	
  survey	
  results	
  



Shoreline	
  Comparison	
  



Shoreline	
  resilience	
  

Gi9man	
  et	
  al.	
  2014	
  Ocean	
  &	
  Coastal	
  Management	
  

�	
  =	
  Sill 
¢	
  =	
  Control	
  



Smith	
  et	
  al.	
  in	
  prep	
  

Shoreline	
  resilience	
  



Brunswick	
   New	
  Hanover	
  

Pender	
  

Onslow	
  
Carteret	
  

Craven	
  

Pamlico	
  

Beaufort	
  
Hyde	
  

Dare	
  Tyrrell	
  Washington	
  

Ber1e	
  

Currituck	
  Perquimans	
  

Waterfront	
  Property	
  Responses	
  

Shoreline	
  resilience	
  

•  Percep1ons	
  about:	
  
•  Effec1veness	
  
•  Durability	
  
•  Cost	
  

•  Reported	
  shoreline	
  damage	
  
•  Cause	
  
•  Cost	
  ($/1me)	
  

•  Reported	
  maintenance	
  

Smith	
  et	
  al.	
  in	
  prep	
  



.72	
  

.19	
  

.06	
  

Model	
  Inputs	
  
Perceived	
  Environmental	
  
Condi1on	
  
Priori1es	
  
Years	
  at	
  Current	
  Residence	
  
Years	
  Residing	
  on	
  Mobile	
  Bay	
  
Adjacent	
  Shoreline	
  Condi1on	
  
Age	
  
Educa1on	
  
Income	
  
Geographic	
  Zone	
  
	
  

ClassificaEon	
  Tree	
  Analysis	
  
Current	
  CondiEon	
  

Which	
  factors	
  are	
  the	
  most	
  powerful	
  at	
  predic1ng	
  
homeowner’s	
  current	
  shoreline	
  condi1on?	
  

Scyphers	
  et	
  al.	
  2015.	
  Conserva%on	
  LeEers	
  



Which factors are the most powerful at predicting 
homeowner’s current preference?	
  

Scyphers	
  et	
  al.	
  2015.	
  Conserva%on	
  LeEers	
  

Which	
  factors	
  are	
  the	
  most	
  powerful	
  at	
  predic1ng	
  
homeowner’s	
  current	
  shoreline	
  condi1on?	
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Educa1on	
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Geographic	
  Zone	
  
	
  

ClassificaEon	
  Tree	
  Analysis	
  
Current	
  Preference	
  

Which	
  factors	
  are	
  the	
  most	
  powerful	
  at	
  predic1ng	
  
homeowner’s	
  current	
  preference?	
  

Scyphers	
  et	
  al.	
  2015.	
  Conserva%on	
  LeEers	
  



Which	
  factors	
  are	
  the	
  most	
  powerful	
  at	
  
predic1ng	
  homeowner’s	
  current	
  

preference?	
  

Which	
  factors	
  are	
  the	
  most	
  powerful	
  at	
  predic1ng	
  
homeowner’s	
  current	
  preference?	
  

Scyphers	
  et	
  al.	
  2015.	
  Conserva%on	
  LeEers	
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