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Study Goals

• Primary
– Characterize benthic community/communities 

inhabiting sand mining leases
– Characterize benthic community/communities 

inhabiting comparison/control sites
– Identify/assess differences between 

communities inhabiting mining leases and 
control/comparison sites 



Study Goals

• Secondary
– Obtain a better understanding of recovery 

rates/timing of benthic communities inhabiting 
sand mining lease areas following sand mining 
events



Study Design

• Central Bay
– 20 samples within mined leases

• 8 sample sites located along mined tracks
– 5 samples from Control/Comparison sites

• Delta
– 10 samples within mined leases

• 2 sample sites located along mined tracks
– 5 samples from Control/Comparison sites



Survey

• Conducted: 
 August 20-26, 2008

– Central Bay 
 (August 20-22)
– Delta 
   (August 25-26)







Browns Island

Chipps Island

Van Sickle Island



Benthic Community Composition

• Highly variable
• Responsive to microhabitat conditions
• Physical factors

– Water depth, Salinity, Temperature, Sediment 
composition/stability, Organic enrichment 
(TOC)



Critical to controlling variation in community 
composition data is controlling ecological 
parameters

– Sediment composition
– Water depths
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Sample Depth (m),         
(MLLW corrected ) 26.4 23.0 17.8 19.6 15.6 19.0 16.7 30.3 30.3 26.2 26.4 29.7 40.2

TOC (%) 0.73 0.27 0.09 0.14 0.15 0.22 0.20 0.21 0.21 0.16 0.09 0.11 0.19

Gravel, Medium (%) 0.00 1.13 0.00 2.00 0.58 1.31 0.74 0.10 0.10 27.10 34.10 16.50 48.70

Gravel, Fine (%) 0.00 1.84 0.03 2.20 2.71 5.55 4.60 0.59 0.59 17.10 18.60 27.20 15.80

Sand, Very Coarse 
(%) 0.05 1.22 0.11 10.80 10.20 14.30 19.50 7.50 7.50 10.80 14.60 23.40 6.99

Sand, Coarse (%) 0.29 0.78 1.75 28.50 17.30 25.30 35.80 14.80 14.80 18.30 12.40 23.10 9.00

Sand, Medium (%) 13.90 6.28 31.60 42.80 18.40 54.60 26.10 49.50 49.50 13.90 12.80 8.54 14.40

Sand, Fine (%) 86.60 65.51 59.70 12.50 50.80 0.28 13.40 26.70 26.70 16.10 8.09 3.46 6.86

Sand, Very Fine (%) 0.41 1.47 0.46 0.04 0.59 0.06 0.04 0.13 0.13 0.21 0.07 0.03 0.10

Silt (%) 6.30 15.80 0.45 0.12 1.41 0.63 0.07 0.30 0.30 0.28 0.32 0.03 0.71
Clay (%) 0.57 2.71 1.05 0.98 2.28 1.75 0.94 1.25 1.25 0.57 0.59 0.32 1.24
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Sample Depth (m),         
(MLLW corrected 23.9 20.1 22.8 24.5 22.7 24.2 23.1 14.5 18.3 20.7 21.4 22.4

TOC (%) 0.08 0.08 0.16 0.16 1.01 0.10 0.20 0.14 0.21 0.33 0.63 0.23
Gravel, Medium (%) 0.00 3.72 1.20 0.00 3.93 25.60 6.66 0.49 0.00 0.00 0.09 0.92
Gravel, Fine (%) 0.11 0.34 1.11 0.44 6.02 15.00 3.02 1.43 0.18 0.13 0.25 0.54
Sand, Very Coarse (%) 0.55 1.08 2.03 1.20 34.90 27.70 7.83 7.80 1.07 0.94 0.62 0.01
Sand, Coarse (%) 9.18 11.00 21.14 24.10 17.70 15.90 11.30 15.90 7.79 5.92 11.30 11.80
Sand, Medium (%) 61.80 56.60 50.80 53.50 12.30 6.04 25.70 29.60 49.50 50.69 72.00 56.90
Sand, Fine (%) 29.10 28.60 22.90 19.14 18.60 9.19 43.90 45.40 38.90 42.92 15.90 26.70
Sand, Very Fine (%) 0.06 0.08 0.08 0.06 0.07 0.07 0.38 0.21 0.13 0.12 0.04 0.13
Silt (%) 0.08 0.05 0.04 0.25 2.20 0.18 1.77 0.47 0.21 0.16 0.03 1.25
Clay (%) 1.14 0.84 0.81 0.88 3.37 0.55 2.65 1.14 1.10 1.22 1.13 1.58
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Sample Depth 
(m),         (MLLW 
corrected )

15.4 15.8 11.6 10.3 16.4 18.8 5.0 12.3 11.0 11.4 9.3 8.5 12.0 10.8 13.4

TOC (%) 0.28 0.27 0.18 0.16 0.15 0.15 0.29 0.26 0.58 0.21 0.35 0.35 0.34 0.15 2.71

Gravel, Medium 
(%) 0.36 0.82 1.15 0.69 0.00 0.00 0.00 0.62 0.26 2.19 0.00 0.00 0.42 0.54 0.00

Gravel, Fine (%) 1.16 1.52 1.35 1.33 0.01 0.17 0.16 0.46 0.16 1.25 0.01 0.01 0.18 0.19 0.90

Sand, Very 
Coarse (%) 6.98 1.30 6.46 1.89 0.14 0.81 0.35 3.06 0.36 2.45 0.71 0.88 0.32 0.29 0.90

Sand, Coarse 
(%) 69.10 9.71 24.62 12.10 3.70 5.92 0.35 23.72 2.20 4.45 11.10 31.30 2.01 1.67 7.76

Sand, Medium 
(%) 20.50 63.30 47.50 64.80 71.00 56.60 1.73 54.95 36.70 33.10 51.50 60.70 34.80 52.60 62.90

Sand, Fine (%) 0.11 24.40 18.00 19.50 30.00 36.60 90.91 17.64 59.70 37.90 11.70 6.19 58.80 30.10 27.80

Sand, Very Fine 
(%) 0.05 0.27 0.26 0.34 0.39 0.35 3.85 0.96 0.69 1.12 1.11 0.12 0.88 0.93 0.22

Silt (%) 0.84 0.36 1.28 0.16 0.37 0.42 2.48 0.36 0.95 11.10 2.30 0.06 3.14 5.35 1.19

Clay (%) 0.68 0.44 0.75 0.29 0.28 0.32 1.63 0.43 1.01 9.60 1.58 0.14 3.04 5.79 0.82



Central Bay
TAXA                                       
Station                   
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Nematoda 122 9 163 23 7 11 79 48 124 8 6 6 23 73 151 5 95 2 24 11 151 7 77
Nemertea 11 2 4 2 2 1
Annelida
Oligochaeta 1 1 1 1 12 1 4 12 2 25 1
Hirudinida 1 1
Polychaeta 8 80 19 9 18 13 4 8 5 38 99 48 47 2 26 23 7 116 8 39 13 7 17 17

Armandia brevis 2 13 1 1 1 8 5 14 10 1
Capitella capitata comlex 2 2 8 67 1 3
Capitellidae unidentified 1
Glycera sp. A 2 3 3 5 9 3 1 3 3
Glycera ?oxycephala 2 4 1
Glycera spp. 3 2 1 2 2 1 1 4 1
Glycinde picta 39 4 9 3
Glycinde spp. 1 2 3 3 2 2 7 3
Heteropodarke heteromorhpha 3 4 4 7 3 2 6 1 42 2 18 17 2 24 34 4 4 12 15
Mediomastus spp. 10 5 1 26

Arthropoda
Copepoda 2
Ostracoda 1
Cirripedia 2
Cumacea 3 1 2 2 3 1 3 2 1 1 1
Isopoda 1 4 39 1
Tanaidacea 1 1
Amphipoda 5 47 1 1 3 2 1 4 152 117 2 21 7 4 2 1 1

Ampelisca abdita 29 1 2
Gnathopleustes pugettensis 63 2 1 1
Megamoera subtener 24 22 5 1
Photis brevipes 6 6
Photis spp. (females, juveniles) 1 1 2 49 82 2

Decapoda 1 1 2
Pycnogonida 1

Mollusca
Bivalvia 1 21 1 5 2 2 3 10 30 49 1 2 122 1

Mactridae 3 6 15 1 2
Nutricola confusa 10 106
Nutricola spp. 1 4 1 2 1

Gastropoda 5 13 1 1
Phoronida 1 1
Echinodermata
Ophiuroidea 2 1
Holothuroidea 1 1 1 18 1 1 1 3

Total Number of Organisms 140 170 187 34 28 26 19 89 57 194 309 11 310 70 77 181 51 17 250 136 65 29 159 27 101
Number of Taxa* 15 25 9 9 13 17 8 8 10 29 55 4 61 6 4 10 11 11 32 17 8 14 6 7 11



Central Bay

• Presence of an epibenthic community of 
barnacles, bryozoans, and hydroids attached 
to large shells and cobble covering surface 
sediments in some locations

• Megabenthos epibenthic community present
    (sea anemones,  sea stars, crustaceans, etc.)



Central Bay Stations

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5



Central Bay Stations



Central Bay

Nematodes (D)
Polychaetes
Nemerteans
Oligochaetes
Amphipods/Bivalves

Nematodes (D)
Polychaetes
Oligochaetes
Nemerteans/Amphipods

Polychaetes (4)
Nematodes
Nemerteans
Amphipods (2)
Oligochaetes

Bivalves (D)
Nemerteans
Polychaetes
Amphipods

Amphipods (3)
Polychaetes (5)
Bivalves (2)
Nemerteans
Nematodes
Oligochaetes



Central Bay Stations



Central Bay

ANOVA 
• NO detectable differences:

– in ‘taxa abundances’, ‘# of organisms’, ‘# of taxa’ between 
mining leases & control sites 

– In ‘taxa abundances’, ‘# of organisms’, ‘# of taxa’ between 
dredged and not dredged samples

• YES detectable differences:
– more medium and fine sand at controls than mining leases
– Cluster 5 >water depth and medium gravel than other sites



Central Bay

Stepwise Regression
• Ampelisca (A), Megamoera (A), Nemertea (RW), Nephtys 

(P) & Tritella (A) positively associated with ‘time since 
dredging’ (more individuals with increasing time since 
dredging)

• Armandia (P-colonizer) negatively associated with ‘time 
since dredging’ (fewer individuals with increasing time 
since dredging)



Delta Stations
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TAXA
Nemertea 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

Nemertea Unidentified 1
Polychaeta 0 5 1 7 2 14 32 2 10 1 1 10 2 7 1

Dorvillea longicornis 1
Glycinde picta 1
Marenzalaria viridis 5 1 5 2 9 32 2 10 1 1 10 2 7 1
Mediomastus spp. 1 3
Sphaerosyllis californiensis 1

Cirripedia 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Balanus sp. A +

Isopoda 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0
Synedotea laevidorsalis 1 1 1

Amphipoda 1 2 1 3 2 0 3 3 1 1 0 1 0 2 1
Americorophium spinicorne 1

Americorophium stimpsoni 1 2
Gammarus daiberi 1 1
Grandiphoxus grandis 1 1 2 2 2 1

Phoxicephalidae unidentified*** 1 1 1 2
Tritella spp. 1

Mollusca
Bivalvia 2 24 27 29 15 19 15 1 24 10 26 8 43 32 15

Corbicula fluminea 12 4
Corbula amurensis 2 22 27 29 15 19 3 1 22 8 22 8 41 32 15
Corbula spp. 2 2 2 2

Total Number of Organisms 3 32 29 40 19 34 50 7 35 12 27 19 45 41 17
Number of Taxa* 2 6 3 7 4 7 6 5 5 5 5 4 4 5 3

*** very tiny specimen



Delta Stations

Cluster 1

Cluster 2

Cluster 3



Delta Stations

Bivalves (Corbula)
Polychaetes (M. viridis)
Amphipods

Polychaete (Marenzalaria 
viridis) (D)
Bivalves (Corbicula)
Amphipods

Bivalves (Corbula)  (D)
Polychaetes
Amphipods



Delta Stations



Delta Stations



Delta

ANOVA
• NO detectable differences:

– in ‘taxa abundance’, ‘# of organisms’, ‘# of taxa’, or physical 
conditions between mining leases & control sites

• YES detectable differences:
– Higher amounts of medium and fine sand in Cluster 1 and 3
– Clusters differ in ‘# of organisms per taxa’



Delta

Stepwise Regression
• Mediomastus (P) & ‘# of taxa’ negatively associated with 

‘time since dredging” (fewer taxa and Mediomastus with 
increasing time since dredging)



What Does It All Mean?

• Central Bay benthic community:

– Characterized by marine species

– Low species diversity and abundances (typical for sandy 
sediments)

– Small scale microhabitats exist - supporting shifts in species 
dominance and community structure

– Central Bay region (mining sites and comparison sites) subject to 
high currents & unstable sediments – reflected in infauna 
community composition and structure



What Does It All Mean?

• Central Bay benthic community:

– Natural disturbance and mining disturbance act in similar ways in 
controlling benthic community development/recovery

– Unstable sediments keeps community closer to an R 
(opportunistic/invasive) than a K (equilibrium) community

– High gravel content in sediments appears to act as a stabilizer - 
enabling community development to move towards a more 
‘equilibrium’ (K) community



R vs K



Central Bay Stations



R vs K



Delta Stations



Central Bay-Conclusions
• Changes over time?

– Community appears consistent with past studies
• MEC, 1990

– Reported low diversity/low abundance; 
– Nematode and Polychaete dominated communities
– Thriving epibenthic community

• RMP, 2000
– Sandy Marine habitat – low diversity/low abundance
– polychaete & nematode dominated community (Red Rock station)



Central Bay-Conclusions

• Sand mining effect on benthic infaunal 
community?  
– Does not appear to be any different than natural conditions in 

effecting community composition

– Recovery to pre-mining condition should be quick (<1-1 year?)

– Constant release of coarse gravel/cobble from depth to surface 
could be beneficial to infaunal community development

– Effect on megabenthos unknown



Delta-Conclusions 

• Central Bay benthic community:
– Delta benthic community is characterized by estuarine species -

dominated by invasive mollusks (Corbicula & Corbula)

– Infaunal community is extremely low in diversity and abundance

– Mining appears to occur in depositional areas along navigation 
channels-subject to natural disturbance and movement

– Small scale microhabitats exist supporting different species 
dominance



Delta-Conclusions 

• Central Bay benthic community:

• Natural disturbance and mining disturbance act in similar ways in 
controlling benthic community development/recover

• Unstable sediments keeps community closer to an R 
(opportunistic/invasive) than a K (equilibrium) community

• Effect of invasive clam species on benthic community composition 
unknown, but appears to be significant



Delta-Conclusions 

• Community appears consistent with past studies

– RMP, 2000
• Estuarine Transition – dominated by Corbula and 

Marenzelleria viridis
• More diverse and abundant



Delta-Conclusions 

• Sand mining effect on benthic infauna 
community?  

– Does not appear to be any different than natural conditions in 
effecting community composition

– Recovery to pre-mining condition should be quick (<1-1 year?)



Study Objectives

• Characterized Infaunal communities in both Central Bay 
and Delta mining leases

• Characterized Infaunal communities in control/comparison 
sites 

• No significant differences in infaunal community structure
 /composition between control/comparison sites and mining 

leases

• Natural disturbance/unstable sediments drives infaunal 
community structure/composition



Study Objectives

• Sand mining acts similar to natural disturbance

• Because infaunal community is subject to constant natural  
disturbance – trends towards invasive/colonizing ‘R” 
community structure

• Recovery = <1-1 year.
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