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SUMMARY	
  

Vancouver	
   Aquarium,	
   in	
   partnership	
   with	
   Earth	
   Rangers,	
   Metro	
   Vancouver,	
   the	
   BC	
   Ministry	
   of	
  
Forests,	
   Lands	
   and	
  Natural	
   Resource	
  Operations	
   and	
   BC	
   Conservation	
   Foundation,	
   reconstructed	
   a	
  
shallow	
  marsh	
  in	
  Aldergrove	
  Regional	
  Park,	
  British	
  Columbia.	
  The	
  wetland	
  comprises	
  of	
  marsh,	
  pools	
  
and	
   channels	
   adjacent	
   to	
   an	
   existing	
   stream	
   and	
   pool	
   restoration	
   project,	
   and	
   may	
   serve	
   as	
   an	
  
introduction	
  site	
  for	
  the	
  endangered	
  Oregon	
  Spotted	
  Frog. 

The	
  goals	
  of	
  this	
  project	
  were,	
  through	
  the	
  restoration	
  of	
  a	
  shallow-­‐water	
  marsh	
  wetland	
  habitat	
  on	
  
historic	
  agricultural	
  fields,	
  to:	
  

a) Provide	
  recovery	
  (translocation)	
  habitat	
  for	
  the	
  endangered	
  Oregon	
  Spotted	
  Frog;	
  
b) Enhance	
  general	
  wildlife	
  biodiversity,	
  with	
  a	
  particular	
  focus	
  on	
  Species-­‐at-­‐Risk;	
  	
  
c) Provide	
  outdoor	
  education,	
  stewardship	
  and	
  research	
  opportunities	
  in	
  wetland	
  

restoration	
  and	
  species	
  recovery;	
  and	
  
d) Increase	
  our	
  knowledge	
  of	
  marsh	
  restoration	
  techniques.	
  

Given	
  the	
  range	
  of	
  potential	
  ecological	
  outcomes	
  of	
  this	
  project,	
  an	
  adaptive	
  management	
  approach	
  
that	
   accepts	
   several	
   potential	
   futures	
   and	
   management	
   plans	
   has	
   been	
   prepared.	
   Adaptive	
  
management	
   will	
   respond	
   to	
   monitoring	
   outcomes	
   in	
   hydrology,	
   vegetation,	
   and	
   biodiversity.	
  
Monitoring	
  programs,	
  application	
   to	
   structural	
  outcomes	
  and	
  proposed	
  management	
   strategies	
  are	
  
described	
  in	
  this	
  document.	
  A	
  separate	
  Monitoring	
  Manual	
  is	
  appended.	
  

The	
  goals	
  of	
  the	
  monitoring	
  program	
  are	
  to:	
  

i. Inform	
   management	
   actions	
   regarding	
   hydrology	
   and	
   vegetation	
   maintenance	
  
regime;	
  

ii. Inform	
  a	
  decision	
  regarding	
  the	
  introduction	
  of	
  Oregon	
  Spotted	
  Frogs	
  to	
  the	
  habitat;	
  
iii. Monitor	
  increases	
  in	
  biodiversity	
  related	
  to	
  the	
  constructed	
  habitat;	
  and	
  	
  
iv. Provide	
  opportunities	
  for	
  volunteer	
  participation	
  and	
  public	
  engagement.	
  

	
  
The	
  program	
  defines	
  measurements	
  and	
  targets	
  for:	
  

i. Structural	
  Outcomes:	
  Hydrology	
  and	
  Vegetation;	
  	
  
ii. Biodiversity:	
  Amphibian,	
  Fishes,	
  Birds	
  and	
  Odonates;	
  	
  
iii. Habitat	
  Features;	
  and	
  
iv. Volunteer	
  Participation.	
  

	
  

If	
   the	
   habitat	
   is	
   assessed	
   as	
   suitable,	
  Oregon	
   Spotted	
   Frogs	
  may	
   be	
   introduced	
   to	
   the	
   constructed	
  
marsh	
   following	
   approvals	
   by	
  Metro	
   Vancouver	
   and	
   the	
   BC	
  Ministry	
   of	
   Forests,	
   Lands	
   and	
  Natural	
  
Resource	
   Operations.	
   Following	
   introduction,	
   the	
   marsh	
   will	
   be	
   further	
   monitored	
   for	
   the	
  
establishment	
  of	
  a	
  self-­‐sustaining	
  population	
  of	
  Oregon	
  Spotted	
  Frogs	
  as	
  well	
  as	
  habitat	
  maturation.	
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1 Background	
  
Floodplain	
  marshes	
  were	
  historically	
  a	
  dominant	
  ecosystem	
  type	
  in	
  the	
  Lower	
  Mainland.	
  These	
  marshes	
  
provided	
  habitat	
  for	
  dense	
  populations	
  of	
  waterfowl,	
   fish,	
  amphibians,	
  and	
   invertebrates,	
  and	
  are	
  now	
  
widely	
  considered	
  to	
  be	
  some	
  of	
  the	
  most	
  productive	
  ecosystem	
  type	
  on	
  the	
  planet.	
  Approximately	
  85%	
  
of	
  all	
  categories	
  of	
  wetlands	
   in	
  the	
  Lower	
  Fraser	
  Basin	
  were	
   lost	
   from	
  1827	
  –	
  1990	
  (Boyle	
  et	
  al.	
  1997),	
  
most	
  due	
  to	
  dyking,	
  draining	
  and	
  conversion	
  of	
  seasonally	
  flooded	
  natural	
  grass	
  prairies	
  to	
  agricultural	
  
and	
   urban	
   uses	
   (Kistritz	
   et	
   al.	
   1996).	
   An	
   estimated	
   13%	
   of	
   historic	
   floodplain	
   marshes	
   remain	
   in	
   the	
  
Fraser	
  Valley,	
  however	
  most	
  have	
  been	
  dramatically	
  altered	
  from	
  their	
  native	
  state	
  through	
  attempted	
  
drainage	
   and/or	
   invasion	
   of	
   non-­‐native	
   plant	
   species.	
   Reed	
   canary	
   grass	
   (Phalaris	
   arundinacea),	
   an	
  
invasive	
   bunchgrass,	
   is	
   now	
   prevalent	
   across	
   the	
   Lower	
  Mainland;	
   the	
   species	
   forms	
  monocultures	
   in	
  
shallow	
   wet	
   areas,	
   inhibiting	
   native	
   vegetation	
   and	
   dramatically	
   reducing	
   vegetative	
   and	
   hydrologic	
  
complexity	
  and	
  ultimately	
  biodiversity.	
  	
  

The	
  Oregon	
  Spotted	
  Frog	
  (Rana	
  pretiosa)	
   is	
  a	
  critically	
  endangered	
  species	
  in	
  Canada	
  (BC	
  red-­‐list,	
  SARA	
  
Schedule	
   A,	
   COSEWIC	
   status	
   Endangered).	
   The	
   species	
   is	
   a	
   specialist	
   of	
   floodplain	
  marshes,	
   and	
   their	
  
dramatic	
  decline	
  is	
  linked	
  to	
  the	
  loss	
  of	
  their	
  preferred	
  habitat:	
  most	
  habitats	
  that	
  historically	
  contained	
  
Oregon	
   Spotted	
   Frogs	
   have	
   been	
   dramatically	
   altered	
   from	
   their	
   original	
   structure	
   and	
   remnant	
  
populations	
  are	
  isolated.	
  Currently	
  occupancy	
  is	
  limited	
  to	
  four	
  known	
  and	
  isolated	
  sites	
  in	
  southwestern	
  
British	
   Columbia,	
   and	
   one	
   recently	
   extirpated	
   isolated	
   population,	
   totaling	
   under	
   300	
   breeding	
   adult	
  
females.	
  Reintroduction	
  into	
  historic	
  and	
  introduction	
  into	
  new	
  habitats	
  will	
  be	
  essential	
  for	
  the	
  survival	
  
and	
  recovery	
  of	
  this	
  species.	
  	
  

Oregon	
  Spotted	
  Frogs	
  are	
  also	
  threatened	
  by	
  invasive	
  wildlife	
  species,	
  particularly	
  by	
  invasive	
  American	
  
Bullfrogs	
   (Lithobates	
   catesbianus)	
   that	
   now	
   exist	
   across	
   approximately	
   90%	
   of	
   the	
   historic	
   Oregon	
  
Spotted	
   Frog	
   range	
   in	
   BC.	
   As	
   both	
   species	
   prefer	
   shallow	
   warm	
   slow-­‐moving	
   wetland	
   habitats,	
  
restoration	
  efforts	
  must	
  improve	
  habitat	
  for	
  Oregon	
  Spotted	
  Frog	
  while	
  reducing	
  suitability	
  for	
  invasive	
  
Bullfrogs.	
   Recent	
   research	
   into	
   habitat	
   requirements	
   of	
   both	
   Bullfrogs	
   and	
   Oregon	
   Spotted	
   Frogs	
  
indicates	
  that	
  physical	
  separation	
  of	
  the	
  two	
  species	
  may	
  be	
  possible	
  through	
  careful	
  design.	
  By	
  creating	
  
shallow-­‐marsh	
   floodplain	
   wetlands,	
   it	
   may	
   be	
   possible	
   to	
   encourage	
   self-­‐selected	
   physical	
   separation	
  
between	
   the	
   two	
   species,	
   thus	
   allowing	
   Oregon	
   Spotted	
   Frogs	
   a	
   refuge	
   from	
   the	
   more	
   aggressive	
  
Bullfrogs.	
  

Vancouver	
   Aquarium,	
   in	
   partnership	
   with	
   Metro	
   Vancouver,	
   the	
   BC	
   Ministry	
   of	
   Forests,	
   Lands	
   and	
  
Natural	
   Resource	
   Operations	
   and	
   BC	
   Conservation	
   Foundation,	
   reconstructed	
   a	
   historic	
   marsh	
   in	
  
Aldergrove	
  Regional	
  Park,	
  British	
  Columbia.	
  The	
  wetland	
  comprises	
  of	
  ponds	
  adjacent	
  to	
  an	
  ephemeral	
  
marsh,	
  and	
  may	
  serve	
  as	
  an	
  introduction	
  site	
  for	
  the	
  endangered	
  Oregon	
  Spotted	
  Frog.	
  	
  

The	
   goals	
   of	
   the	
   project	
   are	
   three-­‐fold:	
  Habitat,	
   Research,	
   and	
   Education.	
   The	
   restoration	
   project	
   has	
  
incorporated	
  new	
  information	
  on	
  the	
  habitat	
  choices	
  of	
  Oregon	
  Spotted	
  Frogs	
  and	
  Bullfrogs	
   in	
  BC.	
  The	
  
techniques	
   and	
   restoration	
  methods	
   proposed	
   are	
   experimental,	
   and	
   are	
   not	
   guaranteed	
   to	
   succeed.	
  
Habitat	
   ‘success’	
   will	
   lie	
   along	
   a	
   continuum,	
   with	
   a	
   range	
   of	
   potential	
   futures	
   that	
   will	
   affect	
   the	
  
management	
  and	
  maintenance	
  of	
  the	
  wetland.	
  A	
  detailed	
  adaptive	
  monitoring	
  program	
  is	
  described	
  in	
  
this	
   document	
   to	
   track	
   the	
   maturation	
   of	
   the	
   habitat	
   and	
   identify	
   appropriate	
   maintenance	
   and	
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management	
   responses.	
  As	
  environmental	
  education	
   is	
  a	
  primary	
  goal	
   for	
  all	
  partners,	
   the	
  monitoring	
  
process	
  will	
  provide	
  volunteer	
  stewardship	
  opportunities.	
  

The	
  Oregon	
  Spotted	
  Frog	
  is	
  only	
  one	
  of	
  many	
  threatened	
  species	
  in	
  the	
  Lower	
  Mainland	
  that	
  depends	
  on	
  
wetlands	
  for	
  some	
  or	
  all	
  of	
  its	
  habitat	
  needs.	
  Marsh	
  restorations	
  targeting	
  Oregon	
  Spotted	
  Frogs	
  provide	
  
new	
  opportunities	
   for	
   other	
   species,	
   particularly	
   other	
   pond	
   and	
  wetland-­‐breeding	
   amphibian	
   species	
  
such	
  as	
  red-­‐legged	
  frogs,	
  toads	
  and	
  salamanders.	
  They	
  provide	
  rearing	
  habitat	
  for	
  native	
  fishes,	
  including	
  
coho	
  salmon	
  and	
  the	
  Salish	
  sucker,	
  a	
  threatened	
  fish	
  species	
  in	
  Canada	
  that	
  is	
  commonly	
  associated	
  with	
  
Oregon	
  Spotted	
  Frog	
  and	
  present	
  in	
  the	
  Pepin	
  Brook	
  watershed.	
  In	
  addition,	
  marsh	
  restorations	
  provide	
  
new	
  breeding	
  and	
   feeding	
  habitat	
   for	
   flying	
  and	
  aquatic	
   invertebrates,	
   and	
   revive	
   feeding	
  and	
  nesting	
  
opportunities	
   for	
  birds,	
   particularly	
  waterfowl,	
  wading	
  birds	
   and	
   low-­‐flying	
   insectivorous	
  birds	
   such	
  as	
  
swallows.	
  

Many	
   parks	
   and	
   ecological	
   reserves	
   in	
   the	
   Lower	
   Fraser	
   Valley	
   contain	
   oldfield	
   habitats	
   that	
   were	
  
historically	
   drained	
   wetlands,	
   and	
   many	
   of	
   these	
   may	
   be	
   available	
   for	
   restoration.	
   In	
   addition	
   to	
  
providing	
   opportunities	
   for	
   Oregon	
   Spotted	
   Frogs,	
   the	
   restoration	
   anticipates	
   providing	
   habitats	
   for	
   a	
  
wide	
  variety	
  of	
   species	
   that	
  also	
   rely	
  on	
   freshwater	
  marshes	
  and	
   increasing	
  general	
  biodiversity	
   in	
   the	
  
Park.	
  Lessons	
  learned	
  from	
  implementing	
  and	
  monitoring	
  wet	
  field	
  restoration	
  at	
  this	
  site	
  will	
  be	
  applied	
  
to	
  a	
  great	
  number	
  of	
  potential	
  habitats	
  in	
  the	
  Lower	
  Mainland	
  of	
  BC.	
  	
  
1.1 Goals 

The	
   goals	
   of	
   this	
   project	
  were,	
   through	
   the	
   restoration	
   of	
   a	
   shallow-­‐water	
  marsh	
  wetland	
   habitat	
   on	
  
historic	
  agricultural	
  fields,	
  to:	
  

a) Provide	
  recovery	
  habitat	
  for	
  the	
  endangered	
  Oregon	
  Spotted	
  Frog;	
  	
  

b) Enhance	
  general	
  wildlife	
  biodiversity,	
  with	
  a	
  particular	
  focus	
  on	
  Species-­‐at-­‐Risk;	
  	
  	
  

c) Provide	
  outdoor	
  education,	
  stewardship	
  and	
  research	
  opportunities	
   in	
  wetland	
  restoration	
  and	
  
species	
  recovery;	
  and	
  

d) Increase	
  our	
  knowledge	
  of	
  marsh	
  restoration	
  techniques.	
  	
  

1.2 Objectives  

1. Wetland	
  construction:	
  

a. Invasive	
  species	
  control;	
  

b. Habitat	
  feature	
  construction;	
  

c. Hydrologic	
  restoration;	
  

d. Revegetation	
  with	
  native	
  plant	
  species.	
  

2. Implement	
  an	
  adaptive	
  ecosystem	
  management	
  plan	
  for	
  potential	
  future	
  scenarios:	
  

a. Identify	
  potential	
  ecological	
  outcomes	
  and	
  futures;	
  

b. Identify	
  management	
  actions	
  under	
  each	
  potential	
  future	
  scenario;	
  

c. Monitor	
  ecological	
  outcomes,	
  apply	
  management	
  actions;	
  

d. Continue	
  monitoring,	
  applying	
  and	
  adapting	
  management	
  actions	
  as	
  needed;	
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e. Report	
  on	
  management	
  actions	
  with	
  recommendations.	
  

3. Stewardship,	
  education	
  and	
  research:	
  

a. Organize	
  volunteer	
  events	
  for	
  revegetation,	
  monitoring	
  and	
  maintenance	
  activities;	
  

b. Partner	
   with	
   academic	
   institutions	
   to	
   engage	
   in	
   research	
   regarding	
   plant	
   and	
   wildlife	
  
recovery	
  at	
  the	
  site;	
  

c. Partner	
  with	
  Metro	
  Vancouver	
  to	
  develop	
  a	
  field	
  trip	
  curriculum	
  for	
  use	
  by	
  interpretive	
  
programs.	
  

The	
   marsh	
   was	
   constructed	
   as	
   planned	
   and	
   the	
   process	
   is	
   documented	
   in	
   the	
   construction	
   report	
  
(Pearson	
  2014).	
  Five	
  hectares	
  of	
  wetland	
  marsh	
  were	
   recreated	
  on	
  a	
   fallow	
  agricultural	
   field	
   /	
  historic	
  
wetland,	
   and	
   over	
   90	
   community	
   members	
   were	
   engaged	
   in	
   the	
   planting	
   of	
   the	
   wetland.	
   Site	
  
preparation	
  began	
  in	
  July	
  2013,	
  with	
  mowing,	
  haying	
  and	
  chemical	
  control	
  of	
  invasive	
  vegetation	
  in	
  the	
  
wetland.	
   Excavation	
  work	
   ran	
   from	
   August	
   20	
   to	
   September	
   20,	
   2013,	
   creating	
   berms,	
   water	
   control	
  
structures,	
  sculpting	
  habitat	
  features	
  onto	
  the	
  landscape	
  and	
  installing	
  woody	
  debris.	
  Beginning	
  October	
  
15,	
  volunteers	
  joined	
  project	
  managers	
  and	
  crew	
  to	
  help	
  plant	
  the	
  wetland	
  with	
  potted	
  plants,	
  as	
  well	
  as	
  
10,000	
  plugs.	
  Planting	
  will	
  continue	
  in	
  March	
  with	
  species	
  more	
  suited	
  to	
  spring	
  planting.	
  This	
  document	
  
addresses	
  Objective	
  2,	
  and	
  contributes	
  to	
  Objective	
  3.	
  

2 Adaptive	
  Ecosystem	
  Management	
  Planning	
  
Restoration	
   techniques	
   for	
   marsh	
   habitats	
   are	
   young,	
   and	
   this	
   is	
   the	
   first	
   marsh	
   restoration	
   to	
   be	
  
attempted	
  in	
  the	
  Lower	
  Mainland	
  of	
  BC.	
  Detailed	
  monitoring	
  of	
  our	
  successes	
  and	
  failures	
  will	
  provide	
  us	
  
with	
  valuable	
  lessons	
  to	
  be	
  applied	
  across	
  future	
  marsh	
  restoration	
  projects	
  in	
  British	
  Columbia,	
  and	
  the	
  
recovery	
   of	
   the	
   communities	
   dependent	
   on	
   these	
   historically	
   prevalent	
   landscape	
   features.	
   The	
  
constructed	
  wetland	
  will	
  require	
  monitoring	
  and	
  maintenance	
  and,	
  as	
  the	
  final	
  outcomes	
  are	
  uncertain,	
  
an	
  adaptive	
  management	
  approach	
  that	
  accepts	
  several	
  potential	
  futures	
  and	
  management	
  plans	
  must	
  
be	
  considered.	
   

Adaptive	
  management	
  planning	
  involves:	
   

i. Identifying	
  potential	
  future	
  scenarios	
  for	
  the	
  post-­‐construction	
  marsh;	
  
ii. Identifying	
  management	
  actions	
  under	
  each	
  potential	
  future	
  scenario;	
  
iii. Monitoring	
  ecological	
  outcomes;	
  
iv. Applying	
  appropriate	
  management	
  actions;	
  
v. Continuing	
  to	
  monitor,	
  apply	
  and	
  adapt	
  management	
  actions	
  as	
  needed;	
  and	
  	
  
vi. Reporting	
  on	
  management	
  actions	
  with	
  recommendations.	
  

	
  

The	
  goals	
  of	
  the	
  monitoring	
  program	
  are	
  to:	
  

v. Inform	
  management	
  actions	
  regarding	
  hydrology	
  and	
  vegetation	
  maintenance	
  regime;	
  
vi. Inform	
  a	
  decision	
  regarding	
  the	
  introduction	
  of	
  Oregon	
  Spotted	
  Frogs	
  to	
  the	
  habitat;	
  
vii. Monitor	
  increases	
  in	
  biodiversity	
  related	
  to	
  the	
  constructed	
  habitat;	
  and	
  	
  
viii. Provide	
  opportunities	
  for	
  volunteer	
  participation	
  and	
  public	
  engagement.	
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The	
  monitoring	
  program	
  defines	
  measurements	
  and	
  targets	
  for:	
  

i. Structural	
  Outcomes:	
  Hydrology	
  and	
  Vegetation;	
  	
  
ii. Biodiversity:	
  Amphibian,	
  Fishes,	
  Birds	
  and	
  Odonates;	
  and	
  
iii. Habitat	
  Features.	
  	
  

	
  
Table	
  1.	
  Summary	
  of	
  post-­‐construction	
  monitoring	
  program	
  for	
  the	
  constructed	
  marsh.	
  

	
  

	
  

The	
  successful	
  adoption	
  of	
  an	
  adaptive	
  management	
  plan	
  requires	
  ongoing	
  monitoring	
  to	
  feed	
  back	
  into	
  the	
  plan,	
  
as	
  well	
  as	
  implementation	
  of	
  the	
  identified	
  actions.	
  The	
  plan	
  indicated	
  in	
  	
  

Table	
  1	
  below	
  provides	
  a	
  monitoring	
  framework.	
  Revegetation	
  and	
  hydrologic	
  outcomes	
  are	
  intimately	
  
linked	
  and	
  must	
  be	
  managed	
  in	
  unison.	
  Figure	
  3	
  indicates	
  management	
  recommendations	
  dependent	
  on	
  
hydrological	
  and	
  revegetation	
  outcomes.	
  The	
  final	
  decision	
  on	
  whether	
  or	
  not	
  the	
  habitat	
  is	
  suitable	
  for	
  
introduction	
  of	
  Oregon	
  Spotted	
  Frogs	
  in	
  the	
  future	
  will	
  depend	
  on	
  the	
  information	
  gathered.	
  	
  

Monitoring	
  of	
   the	
  constructed	
  habitat	
  and	
  subsequent	
  monitoring	
  of	
  an	
   introduced	
  population	
  will	
  be	
  
dependent	
  on	
  available	
  funding	
  and	
  labour	
  resources.	
  Applications	
  for	
  funding	
  for	
  monitoring	
  of	
  the	
  site	
  
have	
  been	
  submitted	
  to	
  the	
  Habitat	
  Conservation	
  Trust	
  Fund	
  and	
  the	
  Habitat	
  Stewardship	
  Program,	
  and	
  
are	
  awaiting	
  review.	
  Monitoring	
  will	
  be	
  considered	
  a	
  high	
  priority	
  by	
  the	
  Oregon	
  Spotted	
  Frog	
  Recovery	
  
Team,	
   and	
   will	
   be	
   arranged	
   by	
   Balance	
   Ecological	
   in	
   concert	
   with	
   academic	
   institutions	
   and	
  
environmental	
   non-­‐government	
   and	
   stewardship	
   organizations.	
   All	
   monitoring	
   programs	
   will	
   be	
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permitted	
   through	
   Metro	
   Vancouver	
   Regional	
   Parks	
   and	
   Ministry	
   of	
   Environment	
   General	
   Wildlife	
  
Sundry	
  Permits.	
  

Monitoring	
   programs,	
   application	
   to	
   structural	
   outcomes	
   and	
   proposed	
  management	
   strategies	
   are	
  
described	
   in	
   this	
   document.	
   Detailed	
   instructions	
   regarding	
   timing,	
   methods,	
   materials,	
   data	
  
management	
  etc.	
  are	
  provided	
  in	
  the	
  appended	
  Monitoring	
  Manual.	
  

3 Structural	
  Outcomes:	
  Hydrology	
  and	
  Vegetation	
  
Geography,	
   climate	
   and	
   hydrologic	
   processes	
   drive	
   the	
   location,	
   persistence,	
   size	
   and	
   function	
   of	
  
wetlands.	
  At	
   their	
  essence,	
  wetlands	
  are	
   landscape	
   features	
   that	
   receive	
  and	
  hold	
  water	
   to	
   the	
  extent	
  
that	
  the	
  excess	
  water	
  impacts	
  soil	
  development	
  and	
  the	
  vegetation	
  community.	
  Vegetation	
  is	
  dominated	
  
by	
   hydrophytes,	
   plants	
   adapted	
   to	
   living	
   in	
   waterlogged	
   soils,	
   and	
   soils	
   display	
   characteristics	
   of	
  
anaerobic	
  soils.	
  	
  

Persistence	
  of	
  a	
  wetland	
   through	
   the	
  seasons	
   is	
  dependent	
  on	
   the	
  water	
  budget,	
   the	
   result	
  of	
   inflows	
  
and	
   outflows	
   through	
   time.	
   Inflows	
   include	
   direct	
   precipitation,	
   surface	
  water	
   from	
   adjacent	
   streams	
  
(flood	
  conditions),	
  and	
  groundwater;	
  outflows	
  include	
  surface	
  water	
  outflow,	
  groundwater	
  outflow,	
  and	
  
evapotranspiration.	
  The	
  difference	
  between	
   inflows	
  and	
  outflows	
  will	
  determine	
   the	
   rate	
  of	
  change	
  at	
  
which	
  storage	
  increases	
  or	
  decreases	
  in	
  the	
  wetland,	
  and	
  the	
  depth	
  of	
  water	
  over	
  the	
  wetted	
  landscape.	
  
The	
  hydrologic	
  regime	
  of	
  a	
  wetland,	
  particularly	
  water	
  level	
  fluctuations,	
  is	
  a	
  strong	
  determinant	
  of	
  the	
  
vegetative	
  species	
  assemblage	
  as	
  plant	
  species	
  respond	
  differently	
  to	
  depth,	
  frequency	
  and	
  duration	
  of	
  
inundation.	
   Water	
   chemistry,	
   soil	
   chemistry	
   and	
   soil	
   drainage	
   characteristics	
   also	
   impact	
   plant	
  
communities.	
   In	
   turn,	
   plant	
   assemblages	
   affect	
   soils,	
   flows,	
   and	
   evapotranspiration	
   rates.	
   Vegetation	
  
assemblages	
  provide	
  structure	
  and	
  food	
  for	
  wildlife,	
  and	
  act	
  as	
  indicators	
  of	
  the	
  health	
  of	
  the	
  wetland.	
  	
  

Historic	
  soil	
  maps	
  of	
  the	
  restoration	
  site	
  are	
  consistent	
  with	
  a	
  depression	
  and	
  seepage	
  site	
  at	
  the	
  base	
  of	
  
a	
  glacio-­‐fluvial	
  deposit	
  of	
  gravelly	
  silt.	
  The	
  pocket	
  of	
  soils,	
  named	
  ‘Judson	
  muck’,	
   is	
  described	
  in	
  a	
  1966	
  
soil	
  map	
  of	
   Langley	
  Municipality	
   (Luttmerding	
  &	
   Sprout	
   1966)	
   as	
   developing	
   from	
  an	
   accumulation	
  of	
  
organic	
  material	
   consisting	
  mainly	
  of	
   reeds,	
   sedge,	
  wood,	
   and	
  moss	
   from	
  30	
  –	
  150	
   cm	
  deep.	
   In	
   1966,	
  
most	
  of	
  the	
  Judson	
  muck	
  land	
  was	
  still	
  unclaimed,	
  as	
  the	
  forage	
  produced	
  was	
  of	
  low	
  feed	
  value	
  due	
  to	
  
high	
   content	
   of	
   sedge	
   and	
   other	
   unpalatable	
   plants,	
   and	
   only	
   grasses	
   such	
   as	
   reed	
   canary	
   grass	
   that	
  
could	
   withstand	
   the	
   poor	
   drainage	
   produced	
   satisfactory	
   yields.	
   Before	
   ‘reclamation’	
   of	
   the	
   land,	
  
vegetation	
  consisted	
  of	
  alder,	
  birch,	
  shore	
  pine,	
  willow,	
  hardhack,	
  sweet	
  gale,	
  Labrador	
  tea,	
  sphagnum	
  
moss,	
   orchard	
   grass,	
   hardhack,	
   sedge,	
   and	
   Canada	
   thistle	
   (Luttmerding	
   &	
   Sprout	
   1966).	
   During	
  
construction,	
  we	
  encountered	
  muck,	
  peat,	
  clay,	
  sand,	
  and	
  gravel	
  in	
  various	
  pockets	
  across	
  the	
  landscape.	
  
Within	
  these	
  layers,	
  we	
  found	
  evidence	
  of	
  sedges	
  (Carex	
  sp.),	
  horsetail	
  (Equisetum	
  spp.)	
  as	
  well	
  as	
  large	
  
coniferous	
   tree	
   trunks	
   (Douglas	
   fir	
   and	
  Red	
  Cedar).	
   The	
   variety	
  of	
   soils	
   and	
  vegetation	
  on-­‐site	
   suggest	
  
that	
  the	
  landscape	
  was	
  subject	
  to	
  dramatic	
  changes	
  in	
  hydrology	
  over	
  time,	
  and	
  may	
  have	
  existed	
  within	
  
the	
  boundary	
  of	
  a	
  large	
  post-­‐glacial	
  lake.	
  

3.1 Hydrology 
The	
  constructed	
  marsh	
  falls	
  into	
  the	
  ‘Riverine	
  Impounding’	
  hydrogeomorphic	
  class	
  of	
  wetlands	
  (Brinson	
  
et	
  al.	
  1995;	
  Adamus	
  2001).	
  This	
  class	
  of	
  wetland	
  is	
   impacted	
  by	
  flood	
  events	
  in	
  nearby	
  waterways,	
  and	
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resulting	
  flow	
  is	
  unidirectional	
  but	
  water	
  is	
  visibly	
  and	
  substantially	
  delayed.	
  Ponding	
  is	
  caused	
  by	
  natural	
  
or	
  artificial	
   structures	
   that	
  significantly	
  slow	
  flow	
  waters,	
  and	
  may	
  receive	
   inputs	
   from	
  groundwater	
   in	
  
non-­‐flood	
  seasons.	
  The	
  constructed	
  marsh	
  is	
  affected	
  by	
  annual	
  flooding	
  in	
  the	
  adjacent	
  Gordon’s	
  Brook,	
  
with	
  waters	
  flooding	
  in	
  from	
  the	
  north-­‐west;	
  and	
  is	
  designed	
  to	
  capture	
  groundwater	
  seepage	
  from	
  the	
  
fluvial	
  moraine	
  located	
  to	
  the	
  north	
  of	
  the	
  marsh	
  (Figure	
  1).	
  We	
  expect	
  that	
  as	
  the	
  marsh	
  matures	
  and	
  
plant	
   densities	
   increase,	
   outflow	
   through	
   evapotranspiration	
   will	
   increase	
   in	
   the	
   summer	
   months,	
  
velocity	
  in	
  the	
  winter	
  will	
  decrease	
  as	
  flows	
  are	
  interrupted	
  by	
  vegetation,	
  and	
  the	
  marsh	
  will	
  take	
  on	
  the	
  
functional	
   characteristics	
   of	
   a	
   riverine	
   impounded	
   wetland,	
   with	
   marsh,	
   emergent,	
   aquatic	
   bed	
   and	
  
shrub-­‐scrub	
  structures.	
  	
  

	
  

	
  Figure	
  1.	
  Hydrologic	
  summary	
  of	
  the	
  constructed	
  marsh	
  in	
  Aldergrove	
  Lake	
  Park.	
  Solid	
  arrows	
  indicate	
  direction	
  of	
  
overland	
  flow.	
  Dashed	
  arrows	
  indicate	
  directional	
  groundwater	
  source.	
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Oregon	
   Spotted	
   Frogs	
   require	
   permanent	
   shallow	
   water	
   marshes	
   with	
   complex	
   aquatic	
   /	
   terrestrial	
  
structure	
   and	
   semi-­‐dense	
   emergent	
   vegetation.	
   Restored	
   habitat	
   must	
   incorporate	
   breeding	
   habitat,	
  
overwintering	
   habitat,	
   and	
   summer	
   foraging	
   habitat.	
   Water	
   depth	
   is	
   the	
   key	
   feature	
   to	
   providing	
  
appropriate	
   Oregon	
   Spotted	
   Frog	
   habitat	
   that	
   may	
   also	
   deter	
   Bullfrogs.	
   Large	
   seasonal	
   water	
   level	
  
fluctuations	
  are	
  anticipated	
  and	
  can	
  be	
  accommodated	
  by	
  the	
  species	
  when	
  a	
  variety	
  of	
  surface	
  heights	
  
are	
  available	
  to	
  them.	
  	
  

Design	
  

Hydrologic	
   restoration	
   required	
   the	
   removal	
  of	
   constructed	
  drainage	
   features	
   (ditches,	
  drain	
   tiles)	
  and	
  
reconnection	
  of	
  the	
  site	
  to	
  a	
  permanent	
  water	
  source,	
  as	
  well	
  as	
  impoundment	
  of	
  the	
  received	
  waters	
  to	
  
stabilize	
  water	
  levels	
  and	
  ensure	
  the	
  provision	
  of	
  suitable	
  habitats	
  for	
  our	
  target	
  species.	
  Overflow	
  weirs	
  
were	
   constructed	
   at	
   intervals	
   along	
   the	
   impoundment	
   berms	
   with	
   a	
   base	
   of	
   compacted	
   soil	
   below	
  
cobbles	
   to	
   mimic	
   natural	
   ridges	
   of	
   gravels	
   in	
   floodplains	
   and	
   allow	
   fish	
   access	
   during	
   high	
   flows.	
   A	
  
groundwater	
  source	
  was	
  identified	
  at	
  the	
  north	
  end	
  of	
  the	
  project	
  site	
  and	
  channeled	
  through	
  the	
  marsh	
  
towards	
  retained	
  ditches.	
  A	
  soil	
  plug	
  was	
  retained	
  between	
  the	
  groundwater	
  source	
  and	
  the	
  main	
  body	
  
of	
  the	
  wetland	
  for	
  the	
  first	
  year	
  post-­‐construction	
  in	
  order	
  to	
  maintain	
  shallower	
  depths	
  in	
  Year	
  1	
  as	
  to	
  
improve	
  survival	
  of	
  native	
  plants	
  installed	
  in	
  the	
  wetland.	
  The	
  plug	
  will	
  be	
  removed	
  in	
  late	
  summer	
  2014	
  
and	
  the	
  first	
  summer	
  of	
  the	
  designed	
  water	
  regime	
  will	
  occur	
  in	
  2015.	
  

Pre-­‐construction	
  monitoring	
  of	
  groundwater	
  levels	
  on	
  the	
  site	
  indicated	
  that	
  the	
  minimum	
  water	
  level	
  at	
  
the	
  groundwater	
  source	
   in	
   the	
  year	
  before	
  construction	
   (a	
  drought	
  year)	
  was	
  43.15	
  m	
  above	
  sea	
   level	
  
(asl).	
  North	
  weirs	
  are	
  at	
  43.1	
  m	
  asl,	
  and	
  south	
  weirs	
  are	
  at	
  43.0	
  asl.	
  Once	
  the	
  groundwater	
  source	
  has	
  
been	
   connected	
   to	
   the	
   wetland	
   (August	
   2014)	
   we	
   anticipate	
   continuous	
   flow	
   into	
   the	
   site.	
   If	
  
groundwater	
   inflow	
   is	
   less	
   than	
   evapotranspiration,	
   water	
   levels	
   will	
   drop	
   as	
   through	
   the	
   summer	
  
months.	
  	
  

The	
  hydrologic	
  cycle	
  of	
  the	
  wetland	
  will	
  exist	
  on	
  a	
  continuum	
  of	
  wet,	
  to	
  dry,	
  with	
  all	
  water	
  drying	
  up	
  in	
  
the	
  late	
  summer	
  (Figure	
  2).	
  In	
  the	
  ‘wet’	
  scenario,	
  inflow	
  may	
  exceed	
  evapotranspiration	
  and	
  both	
  north	
  
and	
  south	
  zones	
  of	
  the	
  constructed	
  wetland	
  will	
  remain	
  inundated	
  through	
  the	
  season,	
  with	
  permanent	
  
water	
  up	
  to	
  the	
  weir	
  level.	
  In	
  the	
  ‘dry’	
  scenario,	
  all	
  water	
  will	
  dry	
  in	
  late	
  summer,	
  and	
  the	
  habitat	
  will	
  be	
  
unsuitable	
   for	
   aquatic	
   wildlife	
   in	
   the	
   summer	
   months.	
   Ideally,	
   inflow	
   will	
   drop	
   below	
   the	
  
evapotranspiration	
   rate	
   as	
   flow	
   slows	
   through	
   the	
   summer,	
   and	
  water	
   levels	
   in	
   the	
   south	
  meadow	
   in	
  
particular	
  will	
  drop	
  and	
  allow	
  the	
  meadow	
  to	
  dry.	
  The	
  ponds	
  will	
  become	
  disconnected	
  from	
  permanent	
  
streams	
  (Gordon’s	
  Brook	
  /	
  0	
  Ave	
  ditch)	
  but	
  deep	
  pools	
  will	
  continue	
  to	
  benefit	
  from	
  groundwater	
  inputs,	
  
and	
  water	
  will	
  remain	
  in	
  sufficient	
  quantity	
  to	
  support	
  Oregon	
  Spotted	
  Frogs	
  and	
  any	
  trapped	
  fishes.	
  The	
  
reduction	
  in	
  size	
  of	
  pools	
  may	
  also	
  induce	
  bullfrogs	
  to	
  leave	
  the	
  area	
  to	
  find	
  deeper,	
  larger	
  water	
  bodies	
  
(available	
  in	
  the	
  adjacent	
  Gordon’s	
  Brook	
  complex).	
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Figure	
  2.	
  Contours	
  of	
  constructed	
  marsh	
  at	
  Aldergrove	
  Regional	
  Park	
  with	
  design	
  water	
  elevations	
   (meters	
  above	
  
sea	
  level)	
  for	
  winter,	
  early	
  summer	
  and	
  spring	
  seasons.	
  

	
  

Gordon’s	
  Brook,	
  the	
  adjacent	
  waterway,	
  was	
  considered	
  as	
  a	
  potential	
  source	
  of	
  water	
  in	
  the	
  future	
  only	
  
if	
  groundwater	
  is	
  insufficient	
  to	
  maintain	
  permanent	
  water	
  in	
  deep	
  refuges	
  in	
  the	
  summer	
  months.	
  The	
  
stream	
  is	
  high	
  in	
  nutrients	
  from	
  upstream	
  agricultural	
  inputs,	
  and	
  continuous	
  inputs	
  would	
  likely	
  result	
  in	
  
the	
   rapid	
   recolonization	
   of	
   the	
   ponds	
   and	
   marsh	
   with	
   invasive	
   reed	
   canary	
   grass.	
   Post-­‐construction,	
  
winter	
   floodwaters	
   from	
   Gordon’s	
   Brook	
   regularly	
   overflow	
   into	
   the	
   constructed	
   wetland,	
   providing	
  
significant	
   flow	
   through	
   the	
   north	
   meadow	
   and	
   subsequently	
   through	
   the	
   wetland.	
   The	
   impounding	
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berm	
  appears	
  capable	
  of	
  restraining	
  the	
  waters,	
  but	
  a	
  10’	
  drainage	
  pipe	
  was	
  installed	
  in	
  the	
  south-­‐west	
  
weir	
   to	
   reduce	
   pressure	
   on	
   the	
   newly	
   constructed	
  weirs	
   and	
   lower	
   the	
  water	
   table	
   below	
   the	
   design	
  
elevation	
  for	
  planting	
  and	
  maintenance	
  purposes.	
  The	
  simple	
  structure	
  is	
  a	
  ten-­‐inch	
  pipe	
  with	
  an	
  elbow	
  
joint	
  attached	
  at	
   the	
  upstream	
  end	
  that	
  allows	
   for	
   the	
   insertion	
  of	
  various	
   lengths	
  of	
  cut	
  pipe	
   to	
   raise	
  
and	
  lower	
  water	
  levels.	
  The	
  pipe	
  was	
  installed	
  by	
  hand	
  following	
  a	
  large	
  storm	
  early	
  in	
  the	
  fall	
  that	
  filled	
  
the	
  site	
  with	
  water	
  before	
  the	
  wetland	
  had	
  been	
  planted,	
  and	
  will	
  be	
  strengthened	
  in	
  machine	
  works	
  in	
  
summer	
  2014.	
  A	
   second	
  drainage	
  pipe	
  will	
   be	
   installed	
   in	
   the	
   south-­‐east	
  weir	
   to	
  allow	
   for	
  water	
   level	
  
control	
  in	
  the	
  central	
  channel.	
  In	
  extreme	
  flood	
  events,	
  water	
  will	
  surpass	
  over	
  the	
  south	
  impoundment	
  
berm	
  when	
  water	
  levels	
  rise	
  above	
  43.3	
  m	
  asl.	
  	
  

Monitoring	
  Methods	
  

Water	
  level	
  monitoring	
  wells	
  are	
  present	
  throughout	
  the	
  constructed	
  wetland,	
  and	
  water	
  levels	
  should	
  
be	
   monitored	
   both	
   continuously	
   and	
   manually	
   at	
   each	
   of	
   four	
   wells).	
   Wells	
   are	
   placed	
   at	
   the	
  
groundwater	
  source	
  (T5),	
  in	
  the	
  north	
  marsh	
  (T3),	
  in	
  the	
  south	
  marsh	
  (T6),	
  and	
  south	
  of	
  the	
  south	
  berm	
  
in	
  the	
  south-­‐east	
  field	
  (T4).	
  Water	
  levels	
  will	
  be	
  logged	
  continuously	
  through	
  the	
  installation	
  of	
  HOBO™	
  
water	
  level	
  loggers	
  within	
  each	
  of	
  four	
  wells.	
  Loggers	
  will	
  be	
  set	
  to	
  take	
  two	
  data	
  points	
  per	
  day,	
  at	
  noon	
  
and	
  at	
  midnight.	
  Data	
  will	
  be	
  downloaded	
  annually	
  in	
  the	
  fall	
  following	
  groundwater	
  recharge	
  to	
  surface	
  
water	
  levels	
  at	
  T5.	
  Also,	
  at	
  each	
  site	
  visit	
  by	
  researchers,	
  water	
  levels	
  readings	
  will	
  be	
  taken	
  manually	
  to	
  
serve	
  as	
  a	
  backup	
  and	
  to	
  provide	
  ongoing	
  information	
  throughout	
  the	
  year.	
  	
  

Management	
  Targets	
  and	
  Actions	
  

Management	
  actions	
  planned	
  for	
  2014	
  include	
  compacting	
  berms,	
  re-­‐surfacing	
  weirs	
  and	
  installing	
  water	
  
control	
  devices	
   in	
  weirs.	
  Water	
  control	
  devices	
  will	
  be	
  either	
  ten-­‐inch	
  drainage	
  pipes	
  with	
  elbows	
  with	
  
interchangeable	
   sleeves	
   for	
   low-­‐tech	
   water	
   control,	
   or	
   a	
   flashboard	
   or	
   Full-­‐Round	
   riser	
   if	
   funds	
   are	
  
available.	
  Berms	
  built	
  of	
  grass	
  will	
  settle	
  over	
  the	
  first	
  two	
  years	
  post-­‐construction,	
  and	
  will	
  require	
  re-­‐
grading	
  and	
  smoothing	
  to	
  develop	
  a	
  walking	
  trail.	
  

Monitoring	
  of	
  water	
  levels	
  will	
  inform	
  any	
  necessary	
  design	
  changes	
  required	
  before	
  introducing	
  Oregon	
  
Spotted	
  Frogs	
  to	
  the	
  wetland,	
  particularly	
  regarding	
  summer	
  conditions	
  (Figure	
  3).	
  Target	
  water	
  levels	
  in	
  
the	
  monitoring	
  wells,	
  after	
  groundwater	
  connection	
  in	
  2014,	
  are	
  indicated	
  in	
  Table	
  2.	
  

Table	
  2.	
  Target	
  water	
  elevations	
  (meters	
  above	
  sea	
  level)	
  in	
  constructed	
  marsh	
  as	
  measured	
  at	
  water	
  wells.	
  Targets	
  
will	
  apply	
  after	
  connection	
  to	
  the	
  groundwater	
  source	
  in	
  August	
  2014.	
  	
  

	
   	
   Oct	
  -­‐	
  May	
   June	
  -­‐	
  July	
   Aug	
  -­‐	
  Sept	
  
Location	
   Well	
   Mean	
   Range	
   Mean	
   Range	
   Mean	
   Range	
  

Groundwater	
  Source	
   T5	
   43.7	
   (43.6	
  -­‐	
  43.9)	
   43.4	
   (43.3	
  -­‐	
  43.6)	
   43.2	
   (43.1	
  -­‐	
  43.4)	
  
North	
  Marsh	
   T3	
   43.1	
   (43.0	
  -­‐	
  43.2)	
   43.1	
   (43.0	
  -­‐	
  43.2)	
   43.0	
   (42.8	
  -­‐	
  43.1)	
  
South	
  Marsh	
   T6	
   43.0	
   (42.9	
  -­‐	
  43.1)	
   42.8	
   (42.7	
  -­‐	
  43.0)	
   42.7	
   (42.6	
  -­‐	
  42.8)	
  
Field	
   T1	
   42.8	
   (42.7	
  -­‐	
  42.9)	
   42.7	
   (42.5	
  -­‐	
  42.9)	
   42.2	
   (42.0	
  -­‐	
  42.5)	
  

	
  

If	
  necessary,	
  hydrology	
  will	
  be	
  adjusted	
  by	
   increasing	
  or	
  decreasing	
  either	
   inflows	
  or	
  outflows.	
  Outlets	
  
will	
  be	
  constructed	
  to	
  be	
  easily	
  controlled	
  with	
  human	
  power	
  (eg.	
  rock	
  weirs	
  &	
  woody	
  debris	
  dams),	
  and	
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will	
  be	
  the	
  first	
  control	
  structures	
  to	
  be	
  manipulated.	
   If	
  additional	
  hydrological	
  adjustment	
   is	
  required,	
  
inflow	
   adjustments	
   will	
   be	
   made	
   by	
   constructing	
   a	
   connection	
   to	
   Gordon’s	
   Brook,	
   or	
   by	
   creating	
   an	
  
elevated	
   berm	
   between	
   the	
   systems	
   to	
   reduce	
   influence	
   of	
   Gordon’s	
   Brook.	
   Separation	
   of	
   the	
   two	
  
systems,	
   particularly	
   in	
   summer	
  months,	
   is	
   desirable,	
   as	
   Gordon’s	
   Brook	
   contains	
   high	
   nutrients	
   from	
  
upstream	
   agricultural	
   impacts	
   and	
   is	
   likely	
   to	
   accelerate	
   reed	
   canary	
   grass	
   growth	
   in	
   the	
   ponds	
   and	
  
marsh.	
   If	
   necessary,	
   water	
   from	
   Gordon’s	
   Brook	
   could	
   be	
   pre-­‐treated	
   for	
   nutrients	
   by	
   passing	
   flow	
  
through	
  a	
  high-­‐density	
  cattail	
  wetland.	
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Figure	
   3.	
   Potential	
   futures,	
   targets	
   and	
   recommended	
  management	
   actions	
   for	
   post-­‐construction	
  Hydrology	
   and	
   Vegetation	
   at	
   the	
   constructed	
   shallow	
  
marsh	
  in	
  Aldergrove	
  regional	
  Park.	
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3.2 Revegetation 
Vegetative	
  communities	
  are	
  driven	
  by	
  water	
  regime	
  and	
  soil	
  chemistry.	
  Hydrologic	
  targets	
  intend	
  
to	
  provide	
  a	
  typical	
  floodplain	
  regime	
  for	
  a	
  riverside	
  impoundment	
  in	
  the	
  Pacific	
  Northwest,	
  with	
  
inundation	
  in	
  winter	
  and	
  spring,	
  and	
  dry	
  land	
  in	
  late	
  fall.	
  Hydric	
  conditions	
  for	
  much	
  of	
  the	
  growing	
  
season	
   should	
   restrict	
   plant	
   communities	
   to	
   hydrophytes,	
   and	
   affect	
   chemical	
   conditions	
   in	
   the	
  
soil.	
  	
  

Design	
  

In	
  British	
  Columbia,	
  wetland	
  classes	
  are	
   identified	
  and	
  described	
  through	
  the	
  use	
  of	
  an	
  edatopic	
  
grid	
  modified	
   from	
  the	
  Biological	
  Ecosystem	
  Classification	
   (BEC)	
  system	
  (Figure	
  4).	
  Soil	
  moisture,	
  
soil	
  nutrient	
   regimes,	
  pH	
  and	
  hydrodynamic	
   index	
  are	
  used	
   to	
   classify	
   freshwater	
  wetlands,	
  and	
  
indicate	
   anticipated	
   vegetative	
   community	
   for	
   those	
   sites	
   in	
   the	
   appropriate	
   biogeoclimatic	
  
region.	
  The	
  constructed	
  marsh	
  intends	
  to	
  provide	
  marsh,	
  swamp,	
  and	
  shallow	
  water	
  type	
  habitats	
  
with	
   the	
   5	
   Ha	
   footprint,	
   to	
   provide	
   a	
   variety	
   of	
   opportunities	
   for	
   increased	
   biodiversity.	
   Soil	
  
nutrient	
  regime	
  and	
  acidity	
  are	
   features	
  of	
   the	
  site,	
  and	
  soil	
  moisture	
  regime	
  and	
  hydrodynamic	
  
index	
  are	
  manipulated	
  through	
  hydrologic	
  design.	
  	
  

	
  

Figure	
  4.	
  Wetland	
  classes	
  as	
  defined	
  by	
  the	
  modified	
  edatopic	
  grid	
  of	
  MacKenzie	
  &	
  Moran	
  (2004).	
  Shallow-­‐
water	
  wetlands	
  do	
  not	
  fit	
  this	
  model	
  and	
  are	
  not	
  shown.	
  

At	
  the	
  constructed	
  marsh,	
  pre-­‐construction	
  soil	
  testing	
  indicated	
  that	
  soil	
  was	
  slightly	
  acidic	
  (mean	
  
pH	
   6.0),	
   with	
   13	
   –	
   22%	
   organic	
   matter,	
   and	
   soil	
   nutrients	
   were	
   average	
   to	
   rich	
   (classes	
   C-­‐D).	
  
Whereas	
   channels	
   within	
   the	
   constructed	
   site	
   are	
   dynamic	
   (Dy),	
   floodplains	
   and	
   shallows	
   are	
  
primarily	
  mobile	
   (Mo),	
  with	
   sluggish	
   (Sl)	
   sections.	
   The	
  design	
   intends	
   to	
  provide	
   swamp,	
  marsh,	
  
and	
  shallow	
  water	
  habitats	
  within	
  the	
  site.	
  In	
  natural	
  conditions,	
  acidity	
  in	
  the	
  soils	
  may	
  move	
  the	
  
habitat	
  more	
  towards	
  a	
  more	
  fen-­‐like	
  wetland,	
  particularly	
  in	
  the	
  south-­‐east	
  marsh,	
  and	
  swamps	
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are	
  more	
  likely	
  to	
  form	
  in	
  more	
  dynamic	
  zones;	
  marshes	
  may	
  develop	
  naturally	
   in	
  the	
  less	
  acidic	
  
south-­‐west	
  marsh.	
  

Unfortunately,	
   chemical	
   control	
   of	
   invasive	
   reed	
   canary	
   grass	
   was	
   not	
   performed	
   to	
   design	
  
standards	
   due	
   to	
   administrative	
   and	
   logistic	
   delays.	
   Final	
   control	
   treatments	
   varied	
   across	
   the	
  
fields,	
  and	
  will	
  provide	
  an	
   indication	
  of	
  which	
   treatments	
  were	
  more	
  or	
   less	
  effective.	
  Herbicide	
  
was	
  applied	
  once	
  with	
  a	
  boom	
  sprayer	
  across	
  the	
  south	
  field	
  west	
  of	
  the	
  central	
  channel	
  and	
  the	
  
southern	
  portion	
  of	
  the	
  east	
  field	
  on	
  August	
  18,	
  and	
  on	
  the	
  northern	
  portion	
  of	
  the	
  east	
  field	
  on	
  
August	
  30.	
  Grass	
  was	
  stripped	
  from	
  the	
  surface	
  of	
  the	
  west	
  field	
  as	
  well	
  as	
  the	
  ‘ponds’	
  area	
  and	
  
used	
   to	
  build	
  berms	
   for	
  water	
   control	
   structures.	
   Stripping	
   involved	
   removing	
   the	
  growth	
  and	
  a	
  
shallow	
  portion	
   of	
   roots	
   and	
   topsoil.	
   The	
   east	
   field	
  was	
   not	
   stripped	
   of	
   grass	
   but	
   disced	
  with	
   a	
  
rotator	
  disc	
  6	
  times	
  to	
  break	
  up	
  the	
  grass	
  mat	
  and	
  soil.	
  	
  

Monitoring	
  Methods	
  

Although	
  the	
  short-­‐term	
  purpose	
  of	
  vegetation	
  monitoring	
  is	
  to	
  assess	
  the	
  resurgence	
  of	
  invasive	
  
species,	
  data	
  will	
  also	
  be	
  used	
  to	
  track	
  change	
  over	
  time.	
  To	
  this	
  end,	
  methods	
  have	
  been	
  adapted	
  
from	
  standardized	
  protocols	
  used	
  by	
  the	
  US	
  Environmental	
  Protection	
  Agency	
  and	
  be	
  compatible	
  
with	
   widely	
   used	
   vegetation	
   community	
   analysis	
   methods	
   (Peet	
   et	
   al.	
   1998).	
   They	
   are	
   also	
  
consistent	
  with	
  methods	
  used	
  in	
  analysis	
  of	
  habitats	
  used	
  by	
  Oregon	
  Spotted	
  Frogs	
  in	
  BC	
  (Pearson	
  
et	
   al.	
   in	
   prep).	
   Permanent	
   plots	
   were	
   placed	
   to	
   provide	
   assessments	
   in	
   different	
   areas	
   and	
  
hydrologic	
   regimes	
  of	
   the	
  wetland;	
  note	
   that	
   this	
   is	
  not	
  an	
  experimental	
  design	
  but	
  attempts	
   to	
  
balance	
  efficiency	
  with	
  information	
  required	
  to	
  inform	
  management	
  activities.	
  	
  

Vegetation	
   regrowth	
  will	
   be	
  measured	
   quarterly	
   in	
   fourteen	
   permanent	
   plots	
   established	
   along	
  
transects	
  at	
  30	
  or	
  60-­‐m	
  intervals	
  in	
  and	
  around	
  the	
  constructed	
  wetland.	
  Vegetation	
  structure	
  and	
  
species	
  will	
  be	
  measured	
  during	
  the	
  last	
  week	
  of	
  March,	
  June,	
  September	
  and	
  December.	
  	
  

Plots	
  will	
   include	
  point	
  measures	
  of	
  water	
  depth,	
  as	
  well	
  as	
  percent	
   terrestrial	
   /	
  aquatic	
   surface	
  
composition,	
  percent	
  cover	
  of	
  vegetative	
  structures	
  (eg.	
  Shrub,	
  grass,	
  floating	
  etc.)	
  and	
  species	
  at	
  
each	
  plot	
  location	
  on	
  a	
  standard	
  cover-­‐abundance	
  scale.	
  Methods	
  follow	
  the	
  recommendation	
  of	
  
EPA’s	
   Ecological	
   Integrity	
   Assessment	
   And	
   Performance	
   Measures	
   to	
   measure	
   Percentage	
   of	
  
Native	
   Perennial	
   Herbs	
   and	
   Native	
   Increasers	
   (p.42)	
   as	
   per	
   the	
   methods	
   of	
   Peet	
   et	
   al.	
   (1998).	
  
Herbaceous	
   communities	
   will	
   be	
   assessed	
   in	
   a	
   1-­‐m2	
   quadrat	
   and	
   shrubs	
   will	
   be	
   assessed	
   in	
   a	
  
rectangular	
   4-­‐m2	
   quadrat	
   (1m	
   x	
   4m)	
   along	
   the	
   transect	
   line.	
   Details	
   on	
   plot	
   locations,	
   field	
  
methods	
  etc.	
  are	
  provided	
  in	
  the	
  appended	
  Monitoring	
  Manual.	
  	
  

Data	
  will	
  be	
  compiled	
  annually	
  over	
  the	
  winter	
  to	
  provide	
  management	
  recommendations	
  in	
  the	
  
fall	
   regarding	
   invasive	
   species	
  management.	
   Following	
   several	
   years	
   of	
   data	
   collection,	
   Principal	
  
Components	
  Analysis	
  (PCA)	
  will	
  be	
  used	
  to	
  assess	
  changes	
  in	
  the	
  habitat	
  over	
  time.	
  	
  

Management	
  Targets	
  and	
  Actions	
  

Revegetation	
  with	
  native	
  plants	
  is	
  the	
  desired	
  outcome,	
  however	
  it	
  is	
  likely	
  that	
  reed	
  canary	
  grass	
  
will	
   reclaim	
   much	
   of	
   the	
   landscape	
   if	
   pre-­‐construction	
   control	
   efforts	
   were	
   not	
   successful.	
   In	
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particular,	
  the	
  ephemeral	
  marsh	
  is	
  at	
  risk	
  of	
  being	
  reclaimed	
  by	
  reed	
  canary	
  grass	
  if	
  native	
  plants	
  
are	
  not	
  able	
  to	
  out-­‐compete	
  reed	
  canary	
  grass	
  seedling	
  growth.	
  	
  

Three	
  outcomes	
  are	
  anticipated	
  in	
  relation	
  to	
  the	
  presence	
  of	
  reed	
  canary	
  grass	
  on	
  site:	
  

A. Preferred	
  outcome:	
   Limited	
   (<	
  25%)	
   reed	
   canary	
   grass	
   growth	
   in	
  marshes,	
   channels	
   and	
  
refuge	
  pools.	
  Dense	
  growth	
  of	
  planted,	
  seeded	
  and	
  historic	
  species	
  (>	
  75%).	
  	
  

B. Acceptable	
   outcome:	
  Widespread	
   regrowth	
   of	
   reed	
   canary	
   grass	
   across	
  marshes	
   (up	
   to	
  
100%);	
  refuges	
  and	
  channels	
  primarily	
  populated	
  with	
  native	
  emergent	
  species	
  (>	
  75%).	
  

C. Undesirable	
  outcome:	
  Widespread	
  regrowth	
  of	
  reed	
  canary	
  grass	
  across	
  marshes,	
  refuges	
  
and	
  channels.	
  

Widespread	
  growth	
  of	
  reed	
  canary	
  grass	
  across	
  the	
  marshes	
  is	
  an	
  acceptable	
  outcome,	
  provided	
  
the	
  marsh	
  dries	
  enough	
  in	
  the	
  summer	
  to	
  be	
  mowed	
  in	
  the	
  fall.	
   If	
  reed	
  canary	
  grass	
  revegetates	
  
the	
  marsh,	
  annual	
  mowing	
  will	
  be	
  required	
  to	
  retain	
  open	
  breeding	
  ponds	
  for	
  the	
  Oregon	
  spotted	
  
frog.	
  Maintenance	
  of	
  reed	
  canary	
  grass	
  will	
  be	
  achieved	
  by	
  reducing	
  water	
  levels	
  to	
  the	
  minimum	
  
allowed	
   by	
   water	
   control	
   structures	
   in	
   the	
   late	
   summer	
   followed	
   by	
   mowing	
   and	
   subsequent	
  
raising	
  of	
  water	
  levels	
  in	
  the	
  winter.	
  If	
  reed	
  canary	
  grass	
  becomes	
  established	
  in	
  the	
  channels	
  and	
  
deep	
  pools,	
  manual	
  control	
  of	
  the	
  species	
  will	
  be	
  necessary.	
  This	
  may	
  be	
  achieved	
  with	
  volunteer	
  
‘swamp	
   trompers’	
   that	
  walk	
   through	
  wetted	
  areas	
  and	
   islands	
  of	
   reed	
   canary	
  grass	
   to	
  break	
  up	
  
mats	
  and	
  remove	
  newly	
  developing	
  islands.	
  

Additional	
  vegetative	
  targets	
  consider	
  habitats	
  conducive	
  to	
  the	
  American	
  Bullfrog.	
  Large	
  areas	
  of	
  
floating	
   vegetation	
  were	
  preferred	
  by	
  American	
  Bullfrogs	
   in	
   a	
   study	
  of	
   the	
   species	
  microhabitat	
  
preferences,	
   and	
   are	
   not	
   a	
   target	
   vegetative	
   outcome.	
   If	
   large	
   areas	
   (>	
   300	
   m2)	
   of	
   floating	
  
vegetation	
   develop	
   (eg.	
   Polygonum,	
   Potamogeton,	
   Brasenia	
   or	
   Nuphar	
   spp.),	
   design	
   water	
  
elevation	
  may	
  need	
  to	
  be	
  lowered.	
  	
  

4 Biodiversity	
  Monitoring	
  	
  
The	
  constructed	
  marsh	
  is	
  the	
  first	
  large-­‐scale	
  shallow	
  marsh	
  restoration	
  project	
  to	
  be	
  attempted	
  in	
  
the	
  Lower	
  Mainland	
  of	
  BC	
  on	
  old-­‐field	
  habitat.	
  In	
  addition	
  to	
  providing	
  habitat	
  for	
  Oregon	
  Spotted	
  
Frog,	
  the	
  project	
  goals	
  explicitly	
  aim	
  to	
  increase	
  biodiversity	
  on-­‐site.	
  	
  

Native	
   and	
   non-­‐native	
   amphibian	
   and	
   fish	
   monitoring	
   of	
   the	
   constructed	
   marsh	
   will	
   inform	
  
whether	
  or	
  not	
  the	
  wetland	
  will	
  be	
  suitable	
  as	
  Oregon	
  Spotted	
  Frog	
  recovery	
  habitat.	
  If	
  non-­‐native	
  
American	
   Bullfrogs	
   and	
   invasive	
   fishes	
   are	
   present	
   in	
   high	
   densities,	
   the	
   habitat	
   will	
   not	
   be	
  
suitable.	
  Native	
  species	
  presence	
  and	
  persistence	
  over	
   time	
  will	
   indicate	
  a	
  higher	
   likelihood	
  that	
  
Oregon	
   Spotted	
   Frog	
   may	
   persist	
   if	
   introduced	
   (Pearson	
   2013).	
   Endangered	
   Salish	
   Suckers	
   are	
  
present	
   in	
   the	
   watershed,	
   and	
   are	
   highly	
   associated	
   with	
   Oregon	
   Spotted	
   Frog	
   presence,	
  
suggesting	
   that	
   they	
  may	
   also	
   require	
   shallow	
  warm-­‐water	
  marsh	
   habitats	
   in	
   particular	
   for	
   the	
  
juvenile	
   rearing	
  phase.	
   It	
   is	
  our	
  hope	
   that	
   this	
  endangered	
   species	
  will	
   also	
  use	
   the	
   constructed	
  
wetland	
  and	
  associated	
  habitat	
  features.	
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During	
  and	
  directly	
  after	
  construction,	
  the	
  marsh	
  was	
  already	
  being	
  used	
  as	
  breeding	
  habitat	
  for	
  
several	
   odonate	
   (dragonfly	
   and	
   damselfly)	
   species	
   as	
  well	
   as	
   a	
  migratory	
   stopover	
   and	
   foraging	
  
habitat	
   for	
   wading	
   birds	
   and	
   migratory	
   shorebirds.	
   As	
   the	
   habitat	
   matures,	
   we	
   anticipate	
   a	
  
growing	
  number	
  and	
  variety	
  of	
  bird	
   and	
  odonate	
   species	
  will	
   use	
   the	
  wetland.	
  Birds	
   are	
   readily	
  
surveyed	
   and	
   respond	
   rapidly	
   and	
   strongly	
   to	
   changes	
   in	
   wetland	
   vegetation	
   structure	
   and	
  
successional	
   stage.	
   Odonates	
   are	
   important	
   ‘umbrella	
   species’	
   that	
   can	
   serve	
   as	
   indicators	
   of	
  
water	
  quality,	
  diversity	
  and	
  quality	
  of	
  vegetation	
  in	
  the	
  wetland	
  and	
  adjacent	
  upland	
  buffer,	
  and	
  
overall	
  wetland	
   health.	
   They	
   are	
   also	
   an	
   important	
   food	
   source	
   for	
   adult	
   Oregon	
   Spotted	
   Frog.	
  
Quantitatively	
  comparable	
  data	
  over	
  the	
  years	
  of	
  development,	
  combined	
  with	
  notes	
  on	
  habitat	
  
features	
   used,	
   will	
   help	
   to	
   establish	
   targets	
   for	
   these	
   visible	
   indicators	
   of	
   biodiversity	
   in	
   Lower	
  
Mainland	
  marsh	
  restorations,	
  and	
  assist	
  in	
  providing	
  appropriate	
  habitat	
  features	
  for	
  the	
  observed	
  
species.	
  Special	
  effort	
  will	
  be	
  made	
  to	
  fully	
  document	
  habitat	
  use	
  of	
  Species	
  at	
  Risk.	
  

4.1 Amphibians 

The	
  ultimate	
  goal	
  of	
  this	
  program	
  is	
  to	
  establish	
  an	
  additional	
  population	
  of	
  Oregon	
  Spotted	
  Frogs	
  
in	
   the	
   Lower	
   Mainland.	
   Early	
   suitability	
   assessments	
   for	
   recovery	
   habitat	
   excluded	
   those	
  
containing	
  Bullfrogs,	
  however	
  Bullfrogs	
  now	
  exist	
  across	
  95%	
  of	
  the	
  Oregon	
  Spotted	
  Frog	
  historic	
  
range	
   in	
  BC	
  and	
  sufficient	
  Bullfrog-­‐free	
  recovery	
  habitats	
  are	
  not	
  available	
  to	
  reach	
  the	
  recovery	
  
goal.	
   It	
   is	
   also	
   unlikely	
   that	
   the	
   currently	
   limited	
   Bullfrog-­‐free	
   habitats	
   will	
   remain	
   so	
   into	
   the	
  
future,	
  and	
  active	
  Bullfrog	
  control	
  efforts	
  have	
  been	
  ineffective	
  and	
  cost-­‐prohibitive	
  in	
  the	
  South	
  
Coast.	
   The	
  constructed	
  marsh	
   is	
  within	
   the	
  current	
   range	
  of	
   the	
  American	
  Bullfrog	
   in	
   the	
   Lower	
  
Mainland,	
   and	
  was	
  designed	
   following	
   recommendations	
   from	
  a	
   recent	
   thesis	
   investigation	
   into	
  
differential	
   habitat	
   use	
   of	
   Oregon	
   Spotted	
   Frogs	
   and	
   American	
   Bullfrogs	
   in	
   the	
   same	
   habitats.	
  
Design	
   targets	
   of	
   depth,	
   vegetation	
   and	
   complexity	
   intend	
   to	
   provide	
   suitable	
   breeding,	
   rearing	
  
and	
  overwintering	
  habitats	
  for	
  native	
  species,	
  and	
  passively	
  deter	
  dense	
  colonization	
  by	
  bullfrogs.	
  
Monitoring	
  of	
  native	
  and	
   invasive	
  amphibian	
  species	
  will	
  directly	
   inform	
  the	
  decision	
  of	
  whether	
  
or	
  not	
  to	
  introduce	
  Oregon	
  Spotted	
  Frogs	
  into	
  the	
  habitat.	
  	
  	
  

Additional	
   target	
   species	
   are	
   Northern	
   Red-­‐legged	
   Frogs	
   (Rana	
   aurora),	
   Northwestern	
  
Salamanders	
   (Ambystoma	
   gracile),	
   Western	
   Toads	
   (Bufo	
   bufo),	
   Long-­‐Toed	
   Salamanders	
  
(Ambystoma	
  macrodactylum),	
  and	
  Pacific	
  Chorus	
  Frogs	
  (Pseudacris	
  regilla).	
  Northern	
  Red-­‐Legged	
  
Frogs	
  and	
  Western	
  Toads	
  are	
  both	
  blue-­‐listed	
  in	
  British	
  Columbia.	
  The	
  native	
  species	
  in	
  the	
  Lower	
  
Mainland	
   are	
   spring-­‐breeders,	
   typically	
   laying	
   eggs	
   in	
   March	
   and	
   April	
   with	
   tadpoles	
  
metamorphosing	
  in	
  the	
  late	
  summer.	
  Non-­‐native	
  species	
  breed	
  later	
  in	
  the	
  year	
  when	
  water	
  and	
  
air	
  temperatures	
  are	
  higher,	
  and	
  due	
  to	
  their	
  later	
  breeding	
  period	
  require	
  an	
  additional	
  summer	
  
before	
  metamorphosis.	
  Monitoring	
  of	
  amphibian	
  breeding	
  will	
  be	
  assessed	
  by	
  oviposition	
  and	
  call	
  
surveys,	
  and	
  tadpole	
  trapping	
  will	
  assess	
  breeding	
  success.	
  	
  

Oviposition	
  Surveys	
  (Native	
  and	
  Invasive	
  species)	
  

Prior	
   to	
   the	
   introduction	
   of	
   Oregon	
   Spotted	
   Frogs,	
   Northern	
   Red-­‐Legged	
   Frogs,	
   Pacific	
   Chorus	
  
Frogs,	
   Western	
   Toads	
   and	
   North-­‐Western	
   Salamanders	
   are	
   anticipated	
   to	
   colonize	
   the	
   new	
  
habitat.	
   Colonization	
   and	
   increasing	
   densities	
   through	
   the	
   years	
   will	
   indicate	
   success	
   in	
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themselves,	
   and	
   provide	
   an	
   indication	
   that	
   Oregon	
   Spotted	
   Frogs	
   may	
   also	
   find	
   the	
   habitat	
  
suitable.	
  	
  

Oviposition	
  surveys	
  will	
  follow	
  standard	
  methods	
  used	
  throughout	
  the	
  Lower	
  Mainland	
  in	
  annual	
  
Oregon	
   Spotted	
   Frog	
   and	
   Northern	
   Red-­‐Legged	
   Frog	
   monitoring	
   programs.	
   Detectability	
   is	
  
generally	
  high,	
  and	
  the	
  data	
  are	
  considered	
  a	
  census	
  of	
  amphibian	
  breeding	
  in	
  the	
  habitat	
  in	
  that	
  
year.	
  Observers	
  will	
  systematically	
  walk	
  all	
  wetted	
  habitats	
  within	
  the	
  project	
  footprint,	
  following	
  
linear	
  features	
  as	
  possible	
  and	
  walking	
  grids	
  through	
  large	
  areas	
  to	
  ensure	
  a	
  complete	
  count.	
  GPS	
  
tracks	
  will	
  be	
  collected	
  to	
  calculate	
  effort.	
  Three	
  visits	
  at	
  two-­‐week	
   intervals	
  will	
  be	
  made	
   in	
  the	
  
spring	
  to	
  count	
  egg	
  masses	
  of	
  native,	
  spring-­‐breeding	
  amphibians.	
  	
  

Two	
   visits	
   will	
   be	
   made	
   in	
   the	
   summer	
   to	
   count	
   egg	
   masses	
   of	
   invasive	
   American	
   Bullfrogs	
  
(Lithobates	
   catesbeiana)	
   and	
   Green	
   frogs	
   (Lithobates	
   clamitans)	
   during	
   appropriate	
   weather.	
   If	
  
bullfrogs	
  are	
  suspected	
  to	
  be	
  breeding	
  in	
  the	
  wetland	
  and	
  egg	
  masses	
  are	
  found,	
  higher	
  intensity	
  
monitoring	
   should	
  be	
   implemented.	
  Bullfrog	
  embryos	
  develop	
   into	
   tadpoles	
   in	
  under	
   four	
  days,	
  
and	
   surveys	
   /	
   control	
   efforts	
   should	
   take	
  place	
  every	
   second	
  day	
  once	
  breeding	
  has	
  begun.	
   Egg	
  
masses	
  of	
  invasive	
  species	
  will	
  be	
  collected	
  from	
  the	
  water	
  and	
  spilled	
  on	
  land	
  to	
  dry.	
  

Call	
  Surveys	
  (Invasive	
  species)	
  

Two	
  visits	
  at	
  two-­‐week	
  intervals	
  will	
  be	
  made	
  in	
  the	
  summer.	
  Male	
  bullfrogs	
  and	
  green	
  frogs	
  call	
  
during	
  their	
  breeding	
  season	
  in	
  June	
  and	
  July	
  in	
  order	
  to	
  attract	
  mates.	
  Bullfrogs	
  call	
  most	
  reliably	
  
at	
  night,	
  once	
  it	
  is	
  completely	
  dark	
  after	
  a	
  hot	
  summer	
  day	
  and	
  evening	
  temperatures	
  remain	
  over	
  
15°C.	
   Observers	
   will	
   conduct	
   six	
   consecutive	
   5-­‐minute	
   call	
   surveys,	
   noting	
   the	
   number	
   of	
   frogs	
  
heard	
  calling	
   for	
  each	
  species	
  or	
  a	
  chorus	
  as	
  well	
  as	
   the	
  direction	
  of	
  calls	
   to	
   identify	
   the	
  area	
  of	
  
marsh	
   being	
   utilized.	
   If	
   after	
   30	
   minutes	
   no	
   calling	
   has	
   been	
   heard,	
   the	
   observer	
   will	
   play	
   a	
  
recording	
   of	
   a	
   bullfrog	
   to	
   incite	
   nearby	
   males	
   to	
   call,	
   and	
   record	
   a	
   response	
   as	
   ‘present,	
   not	
  
detected	
  by	
  passive	
  survey’	
  or	
  no	
  response	
  as	
  ‘not	
  detected	
  by	
  passive	
  or	
  active	
  survey’.	
  	
  

Tadpole	
  Trapping	
  (Native	
  and	
  Invasive	
  Species)	
  

Trapping	
   for	
   tadpoles	
   will	
   take	
   place	
   over	
   two	
   nights	
   in	
   mid-­‐August	
   to	
   establish	
   success	
   of	
  
breeding	
   amphibians.	
   Thirty	
   soft-­‐sided	
   traps	
   will	
   be	
   placed	
   in	
   under	
   30	
   cm	
   of	
   water	
   on	
   the	
  
morning	
   of	
   the	
   first	
   day	
   and	
   checked	
   daily	
   for	
   two	
   days.	
   Native	
   species	
   will	
   be	
   counted	
   and	
  
released,	
  and	
  non-­‐native	
  species	
  will	
  be	
  euthanized	
  via	
  immersion	
  in	
  a	
  solution	
  of	
  0.3%	
  benzocain	
  
(3	
  ml	
  Extra	
  Strength	
  Liquid	
  Orajel™	
  (20%)	
  in	
  200	
  mL	
  of	
  water).	
  	
  

Management	
  Targets	
  and	
  Actions	
  
Presence	
   and	
   increasing	
   densities	
   of	
   native	
   amphibians	
   are	
   the	
   desired	
   targets	
   for	
   native	
  
amphibian	
   species	
   as	
   the	
  marsh	
  matures.	
   All	
   target	
   native	
   species,	
   other	
   than	
   Oregon	
   Spotted	
  
Frogs,	
   are	
   known	
  within	
   the	
  watershed	
   and	
   are	
   anticipated	
   to	
   colonize	
   the	
  wetland	
  within	
   3-­‐4	
  
years	
  of	
  construction.	
  	
  

Target	
  thresholds	
  of	
  American	
  Bullfrogs	
  for	
  Oregon	
  Spotted	
  Frog	
   introduction	
  have	
  not	
  yet	
  been	
  
established,	
  and	
  will	
  be	
  set	
  by	
  the	
  Oregon	
  Spotted	
  Frog	
  Recovery	
  Team	
  in	
  consultation	
  with	
  the	
  US	
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Recovery	
  Team.	
  We	
  anticipate	
   that	
  bullfrogs	
  are	
   likely	
   to	
   colonize	
   the	
   constructed	
  marsh	
   in	
   the	
  
first	
  few	
  years	
  post-­‐construction,	
  but	
  will	
  then	
  decline	
  as	
  vegetative	
  habitat	
  features	
  increase	
  the	
  
density	
  and	
  complexity	
  of	
  the	
  habitat.	
  

The	
  following	
  outcomes	
  are	
  DRAFT	
  only,	
  and	
  subject	
  to	
  change	
  in	
  consultation	
  with	
  the	
  Recovery	
  
Team.	
  

A. Preferred	
  outcome:	
  Bullfrogs	
  below	
  detectability	
  
i. No	
  bullfrogs	
  detected	
  calling	
  within	
  marsh,	
  or	
  present	
  but	
  not	
  detected	
  by	
  

passive	
  survey.	
  
ii. No	
  bullfrog	
  egg	
  masses	
  found	
  within	
  marsh	
  
iii. No	
  bullfrog	
  tadpoles	
  caught	
  in	
  traps	
  

B. Acceptable	
  outcome:	
  Low	
  density	
  bullfrogs	
  
i. 1	
  -­‐	
  3	
  male	
  bullfrogs	
  calling	
  within	
  marsh	
  
ii. 1	
  -­‐	
  2	
  egg	
  masses	
  found	
  
iii. Occasional	
  bullfrog	
  tadpoles	
  found	
  in	
  traps	
  

C. Undesirable	
  outcome:	
  high	
  density	
  breeding	
  Bullfrog	
  population	
  	
  
i. Multiple	
  males	
  calling	
  (>	
  3);	
  or	
  full	
  chorus	
  
ii. >	
  5	
  bullfrog	
  egg	
  masses	
  found	
  within	
  the	
  constructed	
  marsh	
  
iii. High	
  densities	
  of	
  bullfrog	
  tadpoles	
  /	
  metamorphs	
  caught	
  in	
  traps.	
  

When	
   trapped	
   or	
   captured	
   incidentally,	
   adult	
   and	
   juvenile	
   bullfrogs	
  will	
   be	
   euthanized	
   and	
   egg	
  
masses	
   destroyed.	
   If	
   high	
   densities	
   of	
   bullfrog	
   are	
   found	
   breeding,	
   habitat	
  may	
   be	
  modified	
   by	
  
lowering	
   water	
   levels	
   earlier	
   in	
   the	
   summer	
   than	
   initial	
   designs	
   proposed,	
   or	
   reducing	
   design	
  
water	
  elevations	
  at	
  the	
  weirs.	
  

4.2 Fishes 

Fish	
   presence	
   and	
   abundance	
   will	
   be	
   monitored	
   in	
   the	
   constructed	
   wetland	
   to	
   both	
   monitor	
  
improvements	
  to	
  biodiversity	
  and	
  to	
  identify	
  potential	
  threats	
  to	
  Oregon	
  Spotted	
  Frogs.	
  	
  

Endangered	
   Salish	
   Sucker	
   (Catostomus	
   sp.	
   4)	
   and	
   endangered	
   Nooksack	
   Dace	
   (Rhinichthys	
  
cataractae)	
  are	
  present	
  in	
  the	
  Gordon’s	
  Brook	
  complex.	
  Nooksack	
  Dace	
  are	
  not	
  expected	
  to	
  move	
  
into	
   the	
   constructed	
  marsh,	
   but	
   Salish	
   Suckers	
  may	
   use	
   deeper	
   areas	
  within	
   the	
  wetland.	
   Their	
  
presence	
  would	
  be	
  evidence	
  of	
   success	
   in	
   increasing	
  habitat	
   availability	
   for	
   a	
  diversity	
  of	
   at-­‐risk	
  
species.	
  

Although	
  Bullfrogs	
  have	
  commonly	
  been	
  considered	
  the	
  cause	
  of	
  reductions	
  of	
  native	
  amphibians	
  
in	
  wetlands,	
   their	
   impacts	
   are	
   strongly	
   correlated	
  with	
   the	
   presence	
   of	
   exotic	
   fishes	
   in	
   affected	
  
watersheds	
  (Hayes	
  &	
  Jennings	
  1986;	
  Adams	
  1999).	
  Invasive	
  fish	
  can	
  facilitate	
  Bullfrog	
  invasions	
  by	
  
strongly	
  reducing	
  densities	
  of	
  invertebrate	
  predators,	
  particularly	
  dragonfly	
  nymphs	
  (Adams	
  et	
  al.	
  
2003).	
  The	
  presence	
  of	
   invasive	
   fish	
  can	
  reduce	
  amphibian	
   fitness,	
  and	
  the	
   interactive	
  effects	
  of	
  
Bullfrogs	
  and	
  exotic	
   fishes	
  may	
  be	
  greater	
  on	
  amphibian	
  survivorship	
  than	
  either	
  predator	
  alone	
  
(Adams	
  1999;	
  Lawler	
  et	
  al.	
  1999).	
   Invasive	
  fishes	
  are	
  known	
  to	
  exist	
   in	
  the	
  adjacent	
  watersheds,	
  
and	
  are	
  also	
  known	
  to	
  prefer	
  shallow	
  warm	
  waters.	
  Presence	
  and	
  density	
  of	
   invasive	
  fishes	
  have	
  
unknown	
   impacts	
  on	
   the	
  survival	
  of	
  Oregon	
  Spotted	
  Frogs,	
  and	
   their	
  presence	
   in	
  high	
  densities,	
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particularly	
  in	
  late	
  summer	
  in	
  refuge	
  ponds,	
  may	
  preclude	
  introduction	
  of	
  Oregon	
  Spotted	
  Frogs	
  to	
  
the	
  wetland.	
  Thresholds	
  are	
  unknown.	
  

4.3 Birds 

Avian	
   use	
   will	
   be	
   monitored	
   throughout	
   the	
   year,	
   with	
   emphasis	
   on	
   breeding	
   species	
   (using	
  
distance-­‐estimation	
  point	
  counts	
  from	
  permanent	
  locations).	
  Playback	
  surveys	
  for	
  secretive	
  marsh	
  
birds	
  will	
   be	
   employed	
  using	
   the	
   standardized	
  North	
  American	
  Marsh	
  Bird	
  Monitoring	
  Protocol.	
  
Volunteers	
   will	
   document	
   bird	
   use	
   of	
   the	
   site	
   outside	
   of	
   the	
   breeding	
   season	
   and	
   data	
   will	
   be	
  
recorded	
  using	
  Cornell’s	
  eBird	
  database.	
  

Marsh	
  Breeding	
  Bird	
  Monitoring	
  

Playback	
   surveys	
   at	
   permanent	
   points	
   will	
   be	
   conducted	
   to	
   detect	
   secretive	
  marsh	
   birds.	
   Focal	
  
species	
  will	
   include:	
  American	
  Bittern,	
  Virginia	
  Rail,	
  Sora,	
  Pied-­‐billed	
  Grebe.	
  Specific	
  protocol	
  will	
  
follow	
  Conway	
  (2009),	
  including	
  estimating	
  distance	
  to	
  each	
  bird	
  when	
  it	
  is	
  first	
  heard.	
  

A	
  minimum	
  of	
  3	
  surveys	
  will	
  be	
  conducted	
  during	
  the	
  breeding	
  season,	
  with	
  at	
  least	
  one	
  survey	
  in	
  
each	
  of	
  the	
  following	
  windows:	
  15	
  May	
  –	
  31	
  May,	
  1	
  Jun	
  –	
  14	
  Jun,	
  and	
  15	
  Jun	
  –	
  30	
  Jun.	
  Morning	
  
surveys	
  begin	
  30	
  minutes	
  before	
  sunrise	
  and	
  should	
  be	
  completed	
  prior	
  to	
  2	
  hours	
  after	
  sunrise.	
  
Surveys	
   should	
   only	
   be	
   conducted	
   when	
   wind	
   speed	
   is	
   <20	
   km/hr,	
   and	
   not	
   during	
   periods	
   of	
  
sustained	
  rain	
  or	
  heavy	
  fog.	
  

Diurnal	
  Breeding	
  Bird	
  Monitoring	
  

Point	
  counts	
  of	
   ten	
  minutes	
  or	
  more	
   (Lynch	
  1995)	
  conducted	
  at	
   least	
   twice	
  during	
   the	
  breeding	
  
season	
   (Drapeau	
   et	
   al.	
   1999)	
   have	
   been	
   found	
   to	
   provide	
   accurate	
   data	
   on	
   breeding	
   bird	
  
community	
  composition	
  and	
  species	
  richness.	
  	
  Drapeau	
  et	
  al.	
  (1999)	
  found	
  that	
  point	
  counts	
  of	
  20	
  
or	
  25	
  minutes	
  repeated	
  twice	
  during	
  the	
  season	
  captured	
  more	
  of	
  the	
  true	
  species	
  richness	
  at	
  the	
  
site	
  than	
  did	
  shorter	
  counts	
  repeated	
  at	
  the	
  same	
  interval.	
  This	
  consideration	
  is	
   important	
  when	
  
the	
  survey	
  goal	
  is	
  to	
  accurately	
  determine	
  species	
  richness	
  and	
  abundance	
  at	
  one	
  or	
  a	
  few	
  points	
  
related	
   to	
   habitat	
   variables,	
   rather	
   than	
   across	
   a	
   large	
   sample	
   size.	
   The	
   same	
   goal	
   could	
   be	
  
achieved	
  by	
  more	
  frequent	
  surveys,	
  but	
  increasing	
  survey	
  length	
  is	
  more	
  cost-­‐effective	
  in	
  this	
  case.	
  	
  

20	
  minute	
  point	
  counts	
  with	
  distance	
  estimation	
  will	
  be	
  conducted	
  a	
  minimum	
  of	
  3	
  times	
  during	
  
the	
  breeding	
  season,	
  in	
  order	
  to	
  obtain	
  a	
  representative	
  picture	
  of	
  the	
  breeding	
  bird	
  community	
  at	
  
the	
  site.	
  Count	
  data	
  will	
  be	
  recorded	
  in	
  such	
  a	
  way	
  as	
  to	
  maintain	
  compatibility	
  with	
  the	
  two	
  most	
  
popular	
  point	
  count	
  lengths,	
  5	
  and	
  10	
  minutes	
  (5-­‐minute	
  point	
  counts	
  are	
  used	
  by	
  the	
  BC	
  Breeding	
  
Bird	
  Atlas).	
  

Migratory	
  and	
  Wintering	
  Bird	
  Monitoring	
  

During	
   the	
   non-­‐breeding	
   season,	
   experienced	
   volunteer	
   birders	
   will	
   conduct	
   biweekly	
   surveys.	
  
Volunteers	
  will	
  follow	
  eBird	
  protocols	
  for	
  short	
  traveling	
  counts	
  and/or	
  stationary	
  (point)	
  counts.	
  
Use	
  of	
  eBird’s	
  breeding	
  codes	
  when	
  applicable	
  will	
  be	
  required,	
  and	
  codes	
  should	
  be	
  interpreted	
  
similarly	
  to	
  the	
  BC	
  Breeding	
  Bird	
  Atlas.	
  	
  Data	
  will	
  be	
  contributed	
  to	
  Cornell’s	
  eBird	
  database.	
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4.4 Odonates 
Odonates	
  (dragonflies	
  and	
  damselflies)	
  are	
  important	
  umbrella	
  species	
  that	
  can	
  serve	
  as	
  indicators	
  
of	
  water	
   quality,	
   diversity	
   and	
  quality	
   of	
   vegetation	
   in	
   the	
  wetland,	
   and	
  overall	
  wetland	
  health.	
  
They	
  are	
  also	
  an	
  important	
  food	
  source	
  for	
  adult	
  Oregon	
  Spotted	
  Frogs.	
  	
  

Odonata	
   are	
   a	
   diverse	
   group	
  of	
   insects	
   important	
   to	
  wetland	
  monitoring	
   because	
   of	
   the	
   strong	
  
associations	
  of	
  many	
  species	
  with	
  specific	
  habitat	
   features	
  (Hoffman	
  and	
  Mason	
  2005,	
  Clark	
  and	
  
Samways	
  2006),	
   vegetation	
   type	
  and	
  diversity	
   (Schindler	
   et	
   al.	
   2003,	
   Samways	
  and	
  Taylor	
  2004,	
  
Balzan	
   2008,	
   2012),	
   and	
   water	
   quality	
   parameters	
   (D’Amico	
   2004).	
   They	
   are	
   generally	
  
taxonomically	
  well	
  known	
  and	
  are	
  relatively	
  easy	
  to	
  survey.	
  They	
  are	
  also	
  very	
  early	
  colonizers	
  of	
  
newly	
   created	
   or	
   restored	
   lentic	
   habitats,	
  making	
   them	
  highly	
   suitable	
   indicator	
   species	
   for	
   the	
  
success	
  of	
  wetland	
  restorations.	
  Odonates	
  have	
  been	
  advanced	
  as	
  both	
  umbrella	
  species	
  (Bried	
  et	
  
al.	
   2007)	
   and	
   ‘flagship’	
   species	
   (Oertli	
   et	
   al.	
   2002)	
   (because	
   of	
   their	
   colorful	
   patterns	
   and	
   their	
  
appeal	
  to	
  the	
  public	
  and	
  to	
  amateur	
  naturalists.)	
  	
  For	
  these	
  reasons,	
  a	
  growing	
  number	
  of	
  wetland	
  
quality	
  assessments	
  (e.g.	
  Kutcher	
  2011)	
  are	
  using	
  odonates	
  as	
  bioindicators	
  of	
  habitat	
  quality,	
  and	
  
data	
   on	
   odonate	
   communities	
   has	
   great	
   potential	
   to	
   inform	
   wetland	
   management	
   (Painter	
  
1998,1999).	
  

Odonate	
   species	
   richness	
   and	
   relative	
   abundance	
  will	
   be	
   assessed	
   using	
   timed,	
   biweekly	
   visual	
  
surveys	
  of	
  adults	
  throughout	
  the	
  season.	
  Breeding	
  activity	
  will	
  be	
  noted	
  as	
  will	
  use	
  of	
  microhabitat	
  
features.	
  Odonate	
  exuviae	
  will	
  be	
  collected	
  opportunistically	
  to	
  provide	
  confirmation	
  of	
  breeding	
  
status	
  and	
  to	
  elucidate	
  qualitative	
  microhabitat	
  usage	
  patterns.	
  

Survey	
  Rationale	
  

Although	
   the	
   concept	
  of	
   odonates	
   as	
  bioindicators	
   is	
   not	
  new	
   (see	
   Schmidt	
   1985),	
   standardized	
  
odonate	
  survey	
  methods	
  are	
  very	
  recent	
  and	
  there	
  remains	
  considerable	
  debate	
  about	
  the	
  most	
  
appropriate	
   techniques.	
  While	
  Raebel	
  et	
  al.	
   (2010)	
   found	
  that	
  adult	
   surveys	
   tended	
  to	
  positively	
  
bias	
   species	
   richness	
  of	
  odonates	
  breeding	
  at	
   farm	
  ponds	
  by	
   including	
  non-­‐territorial	
   adults	
  not	
  
actually	
   breeding	
   at	
   the	
   site,	
   Bried	
   et	
   al.	
   (2012a)	
   countered	
   that	
   surveys	
   exclusively	
   employing	
  
exuviae	
  surveys	
  tend	
  to	
  negatively	
  bias	
  species	
  richness	
  estimates	
  of	
  breeding	
  odonates	
  because	
  
of	
  the	
  difficulty	
  of	
  locating	
  exuviae	
  of	
  rare	
  species.	
  	
  It	
  is	
  clear	
  from	
  these	
  studies	
  that	
  when	
  funding	
  
and	
  time	
  permit,	
  some	
  combination	
  of	
  standardized	
  sampling	
  for	
  both	
  adults	
  and	
  exuviae	
  is	
  likely	
  
the	
  most	
  accurate	
  approach.	
  

In	
   this	
   case,	
   since	
   compiling	
   a	
   list	
   of	
   species	
   using	
   the	
   site	
   as	
   habitat	
   is	
   the	
   primary	
   goal,	
   and	
  
documenting	
   any	
   species	
   of	
   concern	
   using	
   the	
   site	
   is	
   the	
   secondary	
   goal,	
   the	
   limited	
   resources	
  
available	
   for	
   monitoring	
   will	
   be	
   dedicated	
   to	
   the	
   survey	
   method	
   that	
   will	
   provide	
   the	
   data	
   to	
  
address	
  those	
  goals	
  most	
  efficiently.	
  	
  

Timed	
  visual	
   encounter	
   surveys	
  of	
   adults	
  will	
   be	
   the	
  primary	
  method	
  used	
   in	
   this	
  protocol.	
   This	
  
method	
  is	
  inexpensive,	
  easy	
  to	
  implement,	
  and	
  minimizes	
  site	
  disturbance	
  and	
  collection	
  of	
  large	
  
quantities	
   of	
   specimens.	
   Abundance	
   data	
   will	
   also	
   be	
   collected	
   to	
   allow	
   future	
   analysis	
   of	
  
abundance	
   trends	
   per	
   species	
   at	
   this	
   site,	
   and	
   exuviae	
   will	
   be	
   searched	
   for	
   and	
   collected	
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opportunistically	
  as	
  time	
  allows,	
  in	
  order	
  to	
  opportunistically	
  document	
  life	
  cycle	
  completion	
  and	
  
microhabitat	
  usage	
  of	
  odonate	
  species	
  present.	
  

5 Habitat	
  Features	
  for	
  Oregon	
  Spotted	
  Frogs	
  	
  

5.1 Oviposition 
Oviposition	
  and	
  overwintering	
  habitat	
  features	
  are	
  essential	
  for	
  the	
  successful	
  colonization	
  of	
  the	
  
marsh	
  by	
  Oregon	
  spotted	
   frogs.	
  Appropriate	
   thermal	
  conditions	
   throughout	
   the	
  breeding	
  period	
  
are	
  crucial	
  for	
  successful	
  Oregon	
  Spotted	
  Frog	
  breeding.	
  Females	
  lay	
  eggs	
  in	
  the	
  shallow	
  edges	
  of	
  
wetlands	
   or	
   on	
   vegetation	
   mats	
   where	
   water	
   heats	
   significantly	
   throughout	
   the	
   day.	
   Eggs	
   will	
  
develop	
   normally	
   when	
   held	
   at	
   constant	
   temperatures	
   from	
   7	
   -­‐	
   28°C,	
   and	
   are	
   tolerant	
   of	
  
fluctuating	
  temperatures	
  as	
  low	
  as	
  1°C	
  for	
  8	
  hours	
  (Licht	
  1971).	
  In	
  known	
  breeding	
  locations	
  in	
  BC,	
  
water	
   temperatures	
   fluctuate	
  between	
  3	
   and	
  21°C	
  during	
  breeding	
   season.	
   Ponds	
   should	
   retain	
  
some	
   water	
   into	
   May	
   to	
   allow	
   for	
   free-­‐swimming	
   tadpoles	
   to	
   move	
   to	
   deeper	
   waters	
   as	
   the	
  
wetland	
  dries	
  in	
  the	
  summer.	
  	
  

	
  

Figure	
   5.	
   Temperature	
   (left)	
   and	
   light	
   (right)	
   conditions	
   at	
   known	
   oviposition	
   habitats	
   of	
   Oregon	
   Spotted	
  
Frogs.	
  
	
  

In	
  2015,	
  HOBO™	
  Light	
  /	
  Temperature	
  loggers	
  will	
  be	
  installed	
  in	
  five	
  or	
  more	
  shallow	
  pools	
  present	
  
in	
  March	
  that	
  appear	
  to	
  be	
  suitable	
  breeding	
  habitat	
  for	
  Oregon	
  Spotted	
  Frogs.	
  Water	
  depth	
  
measures	
  will	
  be	
  taken	
  regularly	
  at	
  the	
  loggers’	
  anchor	
  points	
  to	
  ensure	
  adequate	
  water	
  levels	
  are	
  
maintained	
  through	
  the	
  breeding	
  season.	
  

Potential	
   breeding	
   areas	
   exist	
   in	
   the	
   North	
   Marsh	
   to	
   the	
   east	
   of	
   the	
   main	
   channel,	
   where	
  
groundwater	
   seepage	
   from	
   the	
   upland	
   gravel	
   morraine	
   is	
   likely	
   to	
   provide	
   continuous	
   flow	
   of	
  
water	
  into	
  shallow	
  ponds,	
  as	
  well	
  as	
  in	
  the	
  north-­‐east	
  and	
  north-­‐west	
  corners	
  of	
  the	
  South	
  Marsh.	
  	
  

Data	
  from	
  Light	
  /	
  Temperature	
   loggers	
  will	
  be	
  compared	
  with	
  that	
  from	
  known	
  breeding	
  sites	
   in	
  
the	
   Lower	
   Mainland	
   to	
   assess	
   suitability.	
   If	
   the	
   features	
   are	
   assessed	
   as	
   inappropriate	
   for	
   the	
  
Oregon	
  Spotted	
  Frog,	
   frogs	
  will	
  not	
  be	
   introduced	
  to	
  the	
  habitat.	
  However,	
  as	
  oviposition	
  needs	
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are	
  well	
  known,	
   it	
  potential	
   sites	
  may	
  be	
  modified	
  post-­‐construction	
   to	
  shallow	
  or	
  deepen	
  sites,	
  
then	
  re-­‐assessed	
  in	
  following	
  years.	
  

5.2 Summer Refuge 

In	
   shallow	
  wetlands,	
  Oregon	
  Spotted	
  Frogs	
  have	
  been	
  observed	
   to	
   reduce	
  movements	
  and	
   take	
  
refuge	
  in	
  deeper,	
  shrub-­‐sheltered	
  pools	
  in	
  late	
  summer	
  when	
  water	
  levels	
  drop;	
  in	
  particular,	
  they	
  
used	
   pools	
   of	
   open	
  water	
   under	
   shrub	
   canopy	
   formed	
   by	
   hardhack,	
  which	
   provided	
   shade	
   and	
  
prevented	
   the	
  establishment	
  of	
   thick	
   grass	
  mats	
   (Watson	
  et	
   al.	
   2003).	
   The	
   constructed	
  wetland	
  
contains	
  deep	
  pools	
  alongside	
  hardhack	
  and	
  large	
  wood	
  to	
  provide	
  shade,	
  and	
  were	
  constructed	
  
to	
  be	
  deep	
  enough	
  to	
  retain	
  groundwater	
  through	
  the	
  summer.	
  	
  

Deep	
  pools	
  and	
  refuge	
  areas	
  will	
  be	
  monitored	
  for	
  depth	
  through	
  the	
  summer	
  months	
  to	
  observe	
  
whether	
  or	
  not	
  they	
  retain	
  water	
  into	
  the	
  late	
  summer.	
  If	
  the	
  deepest	
  pools	
  are	
  not	
  able	
  to	
  retain	
  
water	
   through	
   the	
   summer,	
   the	
   habitat	
   will	
   not	
   be	
   suitable	
   for	
   Oregon	
   Spotted	
   Frogs.	
   In	
   this	
  
scenario,	
  it	
  may	
  be	
  necessary	
  to	
  connect	
  the	
  wetland	
  to	
  adjacent	
  Gordon’s	
  Brook	
  to	
  ensure	
  water	
  
availability	
  through	
  the	
  summer	
  months.	
  	
  

5.3 Overwintering 
Overwintering	
   habitats	
   selected	
   by	
   Oregon	
   Spotted	
   Frogs	
   in	
   radio-­‐telemetry	
   studies	
   include	
  
islands	
  of	
  dark	
  vegetation	
  with	
  thick	
  root	
  structures,	
  beaver	
  dams,	
  and	
  large	
  woody	
  debris.	
  Large	
  
woody	
  debris,	
  wood	
  piles	
  and	
  hardhack	
  ‘islands’	
  were	
  installed	
  as	
  a	
  part	
  of	
  the	
  and	
  are	
  now	
  semi-­‐
permanent	
   structures	
   in	
   the	
  wetland.	
   These	
   structures	
   have	
   previously	
   been	
   observed	
   through	
  
radio-­‐telemetry	
   to	
   provide	
   successful	
   overwintering	
   habitat	
   for	
   Oregon	
   Spotted	
   Frogs	
   in	
  
constructed	
  wetlands.	
  Hardhack	
  islands	
  will	
  be	
  monitored	
  for	
  survival	
  and	
  development	
  of	
  woody	
  
root	
  structures.	
  	
  

6 Student,	
  Volunteer,	
  and	
  Public	
  Engagement 
Formal	
   monitoring	
   programs	
   provide	
   ample	
   opportunities	
   to	
   involve	
   local	
   naturalists,	
   park	
  
enthusiasts	
   as	
  well	
   as	
   students	
   from	
   local	
   elementary	
   schools,	
   high	
   schools	
   and	
   post-­‐secondary	
  
institutions.	
   Partnerships	
  with	
   existing	
   non-­‐government	
   organizations	
   that	
   organize	
   stewardship	
  
events	
   increase	
  the	
  reach	
  of	
   the	
  project.	
  These	
  partnerships	
  are	
  especially	
  valuable	
   in	
   the	
  event	
  
that	
  funding	
  for	
  monitoring	
  is	
  not	
  provided	
  by	
  funding	
  agencies.	
  

Bird	
  and	
  Odonate	
  surveys	
  may	
  be	
  conducted	
  by	
  volunteers,	
  as	
  there	
  are	
  many	
  experienced	
  birders	
  
in	
  the	
  area	
  with	
  an	
  interest	
  in	
  habitat	
  restoration.	
  The	
  Langley	
  Field	
  Naturalists	
  have	
  committed	
  to	
  
conducting	
  bi-­‐weekly	
  surveys	
  at	
  the	
  constructed	
  marsh	
  and	
  surrounding	
  area.	
  	
  

The	
  Pepin	
  Marsh	
  project	
  is	
  the	
  first	
  attempt	
  to	
  restore	
  a	
  floodplain	
  marsh	
  specifically	
  for	
  Oregon	
  
Spotted	
  Frogs	
  in	
  the	
  Fraser	
  Valley.	
  Design	
  concepts	
  proposed	
  are	
  untested,	
  and	
  may	
  not	
  succeed.	
  
Research	
   opportunities	
   for	
   post-­‐secondary	
   students	
   are	
   available,	
   as	
   are	
   contributions	
   to	
  
monitoring	
  the	
  site.	
  The	
  described	
  monitoring	
  program	
  provides	
  a	
  list	
  of	
  potential	
  projects	
  to	
  local	
  
educational	
   institutions,	
  and	
  can	
  be	
  circulated	
  towards	
  particular	
  study	
  groups.	
   In	
  particular,	
   the	
  
project	
  may	
  provide	
  project	
  opportunities	
  to	
  students	
  at:	
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-­‐ Simon	
  Fraser	
  University	
  
o Center	
  for	
  Wildlife	
  Ecology	
  	
  
o Earth2Ocean	
  Sciences.	
  	
  
o Biology	
  

-­‐ University	
  of	
  British	
  Columbia	
  
o Conservation	
  Biology	
  
o Landscape	
  Architecture	
  
o Zoology	
  
o Botany	
  

-­‐ BC	
  Institute	
  of	
  Technology	
  
o Ecological	
  Restoration	
  
o Fish,	
  Wildlife	
  and	
  Recreation	
  

-­‐ University	
  of	
  the	
  Fraser	
  Valley	
  
o Biology	
  
o Geography	
  

Open	
   House	
   events	
   during	
   the	
   Management	
   Planning	
   process	
   for	
   Aldergrove	
   Regional	
   Park	
  
revealed	
  a	
  large	
  community	
  of	
  local	
  residents	
  who	
  have	
  vested	
  interest	
  in	
  the	
  Park	
  and	
  may	
  also	
  
be	
   interested	
   in	
   building	
   an	
   Aldergrove	
   Regional	
   Park	
   Volunteer	
   Program.	
  Management	
   actions	
  
will	
   include	
   opportunities	
   for	
   volunteer	
   events	
   to	
   plant	
   shrubs,	
   remove	
   invasive	
   species,	
   and	
  
conduct	
  additional	
  regular	
  monitoring	
  and	
  maintenance	
  activities.	
  	
  

7 Adaptive	
  Management	
  Summary	
  
The	
  monitoring	
   described	
   above	
   responds	
   directly	
   to	
   identified	
   goals	
   of	
   the	
   constructed	
  marsh	
  
project.	
  Hydrologic	
  outcomes	
  will	
  direct	
  managers	
  to	
  raise	
  or	
  lower	
  water	
  levels	
  by	
  manipulating	
  
inflow	
   and	
   outflow.	
   Vegetative	
   outcomes	
   will	
   direct	
   managers	
   regarding	
   maintenance	
   works	
  
required	
   to	
   provide	
   habitat	
   for	
   target	
   species,	
   most	
   likely	
   mowing.	
   Hydrologic	
   and	
   vegetative	
  
outcomes	
   interact	
   to	
   influence	
   biodiversity	
   at	
   the	
   site,	
   as	
   well	
   as	
   the	
   development	
   of	
   suitable	
  
habitat	
  features	
  for	
  Oregon	
  Spotted	
  Frogs.	
  	
  

Connections	
   between	
  monitoring	
   programs,	
   goals,	
   and	
  management	
   actions	
   are	
   summarized	
   in	
  
Figure	
   6.	
   Each	
   component	
   of	
   the	
  monitoring	
   program	
  will	
   address	
   specific	
   questions	
   relating	
   to	
  
either	
   the	
   introduction	
  of	
  Oregon	
  Spotted	
  Frogs	
   to	
   the	
  wetland,	
  maintenance	
  and	
  management	
  
decisions,	
   or	
   success	
   of	
   construction	
   in	
   providing	
   habitat	
   for	
   general	
   biodiversity.	
   Most	
   will	
  
contribute	
   to	
   all	
   three,	
   and	
   all	
   components	
  will	
   provide	
   opportunities	
   to	
   involve	
   students	
   from	
  
local	
  elementary	
  schools,	
  high	
  schools	
  and	
  post-­‐secondary	
  institutions.	
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Figure	
  6.	
  Summary	
  of	
  monitoring	
  program	
  structure	
  as	
  it	
  applies	
  to	
  project	
  goals	
  and	
  management	
  actions.	
  
Black	
   arrows	
   indicate	
   information	
   provision,	
   and	
   colored	
   arrows	
   indicate	
   physical	
   impacts	
   that	
   can	
   be	
  
manipulated.	
  	
  	
  

8 Oregon	
  Spotted	
  Frog	
  Introduction	
  and	
  Monitoring	
  Plan	
  
In	
   the	
  event	
   that	
   the	
   restored	
  habitat	
   is	
   considered	
   suitable	
   for	
  Oregon	
   Spotted	
   Frogs	
   and	
   that	
  
Oregon	
  Spotted	
  Frogs	
  are	
  introduced	
  to	
  the	
  site,	
  the	
  Oregon	
  Spotted	
  Frog	
  Recovery	
  Team	
  will	
  be	
  
the	
  lead	
  on	
  introducing	
  and	
  monitoring	
  the	
  species	
  in	
  the	
  park.	
  Following	
  a	
  minimum	
  of	
  4	
  years	
  of	
  
post-­‐construction	
   habitat	
   monitoring,	
   a	
   ‘Habitat	
   Assessment,	
   Constraints,	
   Opportunities	
   and	
  
Management	
   Plan’	
   document	
   will	
   be	
   developed	
   and	
   will	
   advise	
   the	
   Recovery	
   Team	
   as	
   to	
   the	
  
suitability	
  of	
  the	
  habitat	
  for	
  Oregon	
  Spotted	
  Frog	
  introduction.	
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The	
   Introduction	
   and	
   Monitoring	
   plan	
   below	
   is	
   a	
   draft	
   approach	
   based	
   on	
   the	
   current	
   best	
  
available	
   information.	
   Ongoing	
   research	
   into	
   the	
   most	
   efficient	
   and	
   cost-­‐effective	
   methods,	
  
habitat	
  suitability,	
  thermal	
  thresholds,	
  light	
  exposure	
  thresholds,	
  and	
  invasive	
  species	
  impacts	
  will	
  
be	
   incorporated	
   into	
  recovery	
  planning	
  as	
   it	
  becomes	
  available.	
  The	
  approach	
   is	
  one	
  of	
  adaptive	
  
management,	
  with	
  an	
  emphasis	
  on	
  monitoring	
  breeding	
  success	
  in	
  relation	
  to	
  measurable	
  habitat	
  
variables.	
  A	
  preliminary	
  timeline	
  and	
  approach	
  is	
  projected	
  in	
  Table	
  3	
  and	
  detailed	
  in	
  the	
  sections	
  
below.	
  	
  

Table	
  3.	
  Proposed	
  Introduction	
  and	
  Monitoring	
  Program	
  Timing,	
  using	
  2017	
  as	
  baseline	
  year	
  indicating	
  
earliest	
  possible	
  introduction	
  of	
  the	
  Oregon	
  Spotted	
  Frog.	
  

	
  

8.1 Introduction 

Oregon	
  Spotted	
  Frogs	
  will	
  be	
  introduced	
  to	
  the	
  wetland	
  as	
  eggs,	
  tadpoles,	
  and	
  potentially	
  as	
  head-­‐
started	
  juveniles,	
  in	
  habitats	
  identified	
  as	
  suitable	
  for	
  breeding	
  and	
  rearing.	
  The	
  number	
  of	
  animals	
  
released	
  will	
  be	
  dependent	
  on	
  the	
  production	
  of	
  captive	
  breeding	
  populations	
  by	
  Oregon	
  Spotted	
  
Frog	
   Recovery	
   Team	
   partners.	
   Releases	
   will	
   continue	
   until	
   the	
   population	
   is	
   considered	
   self-­‐
sustaining,	
  which	
  will	
  be	
  determined	
  through	
  annual	
  oviposition	
  monitoring.	
  It	
  is	
  anticipated	
  that	
  
this	
  may	
  take	
  as	
  few	
  as	
  10	
  years	
  and	
  as	
  many	
  as	
  30	
  years.	
  	
  

A	
   literature	
   review	
  of	
   recent	
   strategies	
   to	
   create	
   recovery	
  populations	
  employed	
   in	
  Canada	
  and	
  
the	
  United	
  States	
  suggests	
  that	
  eggs	
  should	
  be	
  the	
  primary	
  life	
  stage	
  for	
  introductions.	
  This	
  cost-­‐
effective	
  method	
  addresses	
  potential	
  limitations	
  of	
  adult	
  /	
  juvenile	
  introductions	
  by	
  allowing	
  frogs	
  
to	
   develop	
   homing	
   mechanisms	
   in	
   their	
   new	
   environment	
   and	
   predator	
   acclimation	
   (Hawkes	
  
2009).	
  Introduction	
  protocols	
  are	
  currently	
  in	
  progress,	
  and	
  are	
  the	
  subject	
  of	
  an	
  ongoing	
  Masters	
  
thesis	
  at	
  Simon	
  Fraser	
  University	
  under	
  the	
  supervision	
  of	
  Dr.	
  Wendy	
  Palen.	
  	
  

8.2 Monitoring 

Monitoring	
   of	
   the	
   introduced	
   population	
   will	
   be	
   dependent	
   on	
   available	
   funding	
   and	
   labour	
  
resources.	
   The	
  Oregon	
  Spotted	
  Frog	
  Recovery	
  Team	
  has	
  been	
   successful	
   in	
   securing	
   funding	
   for	
  
Oregon	
  Spotted	
  Frog	
  breeding	
  surveys	
  annually	
  since	
  2000,	
  and	
  anticipates	
  a	
  continuation	
  of	
  this	
  
success.	
  As	
  one	
  of	
   the	
   first	
  examples	
  of	
   species-­‐at-­‐risk	
   introductions	
   to	
  new	
  habitats	
   in	
  Canada,	
  
this	
   project	
   is	
   anticipated	
   to	
   attract	
   high	
   priority	
   funding	
   from	
   both	
   the	
   Federal	
   and	
   Provincial	
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governments,	
  and	
  will	
  continue	
  to	
  attract	
  applied	
  research	
  projects	
  from	
  graduate	
  researchers	
  at	
  
the	
  University	
  of	
  British	
  Columbia	
  and	
  Simon	
  Fraser	
  University.	
  

All	
   monitoring	
   programs	
   will	
   be	
   permitted	
   through	
   Ministry	
   of	
   Environment	
   General	
   Wildlife	
  
Sundry	
  Permits,	
  and	
  will	
   follow	
  established	
  protocols	
  coordinated	
  and	
  supervised	
  by	
  the	
  Oregon	
  
Spotted	
  Frog	
  Recovery	
  Team.	
  

Oviposition	
  Surveys	
  

Oviposition	
   surveys	
  are	
   the	
  highest	
  priority	
  monitoring	
  action	
   for	
  Oregon	
  Spotted	
  Frog	
   remnant	
  
and	
   recovery	
   populations.	
   Annual	
   breeding	
   /	
   egg	
   mass	
   surveys	
   will	
   begin	
   in	
   the	
   3rd	
   year	
   after	
  
introduction,	
   and	
   will	
   continue	
   indefinitely	
   to	
   monitor	
   the	
   success	
   of	
   the	
   introduction.	
   Oregon	
  
Spotted	
  Frogs	
  in	
  the	
  wild	
  are	
  anticipated	
  to	
  breed	
  for	
  the	
  first	
  time	
  in	
  their	
  3rd	
  or	
  4th	
  year	
  following	
  
the	
  initial	
  population	
  introduction;	
  therefore	
  oviposition	
  will	
  not	
  be	
  anticipated	
  until	
  several	
  years	
  
worth	
  of	
  releases	
  have	
  occurred.	
  	
  

Oviposition	
  surveys	
  are	
  the	
  least	
  invasive	
  and	
  most	
  efficient	
  technique	
  for	
  population	
  monitoring.	
  
These	
  surveys	
  consist	
  of	
  searching	
  wetlands	
  and	
  the	
  shallow	
  water,	
  shore	
  and	
  shoreline	
  along	
  the	
  
perimeter	
   of	
   breeding	
   ponds	
   during	
   breeding	
   season,	
   generally	
   in	
   late	
   February	
   -­‐	
   March.	
   	
   All	
  
adults,	
  juveniles,	
  larvae	
  and	
  egg	
  masses	
  encountered	
  will	
  be	
  recorded.	
  Waders	
  and	
  boats	
  (kayak	
  /	
  
canoe)	
  will	
  be	
  used	
  to	
  move	
  through	
  the	
  habitat.	
  Habitat	
  will	
  not	
  be	
  affected	
  by	
   this	
  project,	
  as	
  
this	
  is	
  solely	
  a	
  presence	
  /	
  absence	
  inventory.	
  	
  

Summer	
  Visual	
  Surveys	
  

Summer	
   visual	
   surveys	
   can	
   be	
   effective	
   at	
   determining	
   whether	
   or	
   not	
   eggs	
   and	
   tadpoles	
  
introduced	
  to	
  the	
  wetland	
  have	
  successfully	
  metamorphosed	
  into	
  juvenile	
  frogs.	
  These	
  surveys	
  are	
  
particularly	
   important	
   in	
  the	
  years	
  prior	
  to	
  breeding	
  surveys	
  (Years	
  1,	
  2	
  and	
  3	
  post	
  first	
  release).	
  
Visual	
  surveys	
  will	
  be	
  performed	
  in	
  late	
  August	
  in	
  a	
  50-­‐m	
  vicinity	
  of	
  the	
  initial	
  release.	
  	
  

Breeding	
  Season	
  Mark-­‐Recapture	
  Surveys	
  

Once	
  breeding	
   areas	
  have	
  been	
  established	
  by	
   the	
   frog	
   and	
   identified	
  by	
   researchers,	
   the	
  most	
  
accurate	
   and	
   effective	
   manner	
   of	
   population	
   monitoring	
   is	
   through	
   mark-­‐recapture	
   surveys.	
  
Surveys	
   are	
   performed	
   prior	
   to	
   and	
   during	
   the	
   frog’s	
   breeding	
   season	
   in	
   February	
   and	
  March.	
  
Frogs	
  captured	
  are	
  individually	
  tagged	
  and	
  released.	
  Recapture	
  of	
  marked	
  frogs	
  over	
  several	
  years	
  
provide	
  a	
  detailed	
  indication	
  of	
  the	
  population	
  size,	
  structure	
  and	
  likelihood	
  of	
  the	
  success	
  of	
  the	
  
species	
  introduction.	
  	
  

Habitat	
  monitoring	
  

Habitat	
  monitoring	
  will	
  involve	
  a	
  minimum	
  of	
  four	
  site	
  visits	
  per	
  year	
  to	
  assess:	
  invasive	
  plant	
  and	
  
amphibian	
  species	
  status;	
  water	
  quality;	
   thermal	
  and	
   light	
  exposure	
  conditions;	
  and	
   identify	
  any	
  
significant	
  habitat	
  changes	
  or	
  potential	
  threats.	
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8.3 Land Management after the Introduction of Oregon Spotted Frogs 
In	
  the	
  event	
  that	
  Oregon	
  spotted	
  frogs	
  are	
  introduced	
  to	
  Pepin	
  Marsh	
  in	
  Aldergrove	
  Lake	
  Regional	
  
Park,	
  the	
  Oregon	
  Spotted	
  Frog	
  Recovery	
  Strategy	
  (2012)	
   identifies	
  activities	
  that	
  may	
  be	
  harmful	
  
to	
  the	
  species,	
  as	
  well	
  as	
  management	
   implications	
  regarding	
  those	
  threats.	
  Table	
  4	
  summarizes	
  
the	
  activities,	
  implications	
  and	
  potential	
  impacts	
  on	
  Aldergrove	
  Lake	
  Regional	
  Park	
  management.	
  	
  

Table	
  4.	
  Activities	
  identified	
  as	
  potentially	
  harmful	
  to	
  Oregon	
  Spotted	
  Frogs	
  in	
  the	
  Oregon	
  Spotted	
  Frog	
  
Recovery	
  Strategy	
  (2012),	
  management	
  implications	
  and	
  potential	
  impacts	
  to	
  Aldergrove	
  Regional	
  Park	
  
management.	
  

	
  

Restrictions	
   on	
   activities	
   within	
   the	
   Recovery	
   Habitat	
   zone	
   will	
   consider	
   existing	
   land	
   uses,	
  
potential	
  conflicts	
  and	
  concerns	
  of	
  land	
  managers.	
  The	
  introduction	
  of	
  the	
  species	
  does	
  not	
  intend	
  
to	
   impose	
   additional	
   restrictions	
   on	
   any	
   existing	
   structures	
   or	
   land	
   management,	
   and	
   it	
   is	
  
anticipated	
   that	
   the	
   introduction	
   is	
   in	
   line	
  with	
   the	
   existing	
  management	
   practices	
   of	
   the	
   park.	
  	
  
Management	
   of	
   the	
   area	
   will	
   differentiate	
   between	
   occupied	
   habitat	
   and	
   supporting	
   habitats,	
  
although	
   all	
   are	
   considered	
   recovery	
   habitat.	
   The	
  Recovery	
   Team	
   is	
   committed	
   to	
  working	
  with	
  
land	
  managers	
  and	
  staff	
  to	
  identify	
  and	
  resolve	
  all	
  potential	
  conflicts	
  prior	
  to	
  introduction	
  as	
  well	
  
as	
   any	
   challenges	
   that	
   arise.	
   Aldergrove	
   Regional	
   Park	
   has	
   been	
   prioritized	
   for	
   recovery	
   habitat	
  
precisely	
  because	
  few	
  conflicts	
  are	
  anticipated,	
  and	
  the	
  area	
  is	
  currently	
  managed	
  and	
  protected	
  
for	
  existing	
  Species-­‐At-­‐Risk.	
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1. Hydrologic Monitoring
Water level monitoring wells are present throughout the constructed wetland, and 
water levels will be monitored both continuously and manually at each of four wells.

Methods

Continuous Hydrologic Monitoring
Water levels will be logged every 12 hours by three water level loggers in wells T3 
(North Marsh), T5 (Groundwater Source) and T6 (South Marsh). Loggers have been 
installed at 42.2 m asl. 

A control logger for barometric pressure data collection has also been installed 
in a Cottonwood tree along the central channel in the South Marsh. Data will be 
downloaded annually in the fall following groundwater recharge to surface level at 
T5. 

Manual Monitoring
At each site visit by researchers, water levels readings should be taken manually to 
serve as a backup and to provide ongoing information to managers throughout the 

Timing
»» Bi-weekly / When Present (Manual)
»» Continuous (Water level loggers)

Equipment List
»» Folding ruler or tape with float
»» Notebook / iPhone / iPad

Well Locations

Well Description UTM E UTM N
T1 South Field - Control 538836 5427924
T3 North Marsh 538836 5427984
T5 Groundwater Source 538836 5428044
T6 South Marsh 538866 5428099

year. At each monitoring well (T1, T3, 
T5, T6), measure the vertical distance 
from the water surface to the top of 
the uncapped well. If surface water is 
present, a ruler will suffice. In summer 
months, make use of the tape measure 
with float: gently lower the float into the 
well, listening for the sound of the float 
as it slides down the sides of the well. 
When the float has stopped descending 
and is on water, straighten the tape and 
measure the distance to the top of the 
well. 

Record data directly into database on 
iPhone / iPad.

Adjustments
Record any adjustments to water level in 
the database on iphone / iPad.



2. Vegetation Monitoring
Fourteen permanent plots are identified and marked in the field with labeled rebar 
stakes. Vegetation structure and species will be recorded quarterly in March, June, 
September and December during the last week of the month.

Methods
At each plot marker, assess herb / grass plots in a 1-m2 quadrat to the south-east of 
the plot marker and shrubs in a rectangular 4-m2 quadrat (1m x 4m) to the south-
east of the plot marker, with the long edge of the rectangle along the transect (see 
diagram below). 

Collect point measures, and estimate % surface composition, % cover of vegetative 
structures, and % cover of vegetative species at each plot location, using cover 
classes identified in the table below. 

Percent surface composition should total 100%. Percent vegetation cover is the % 

Timing
»» Final week of:
»» March, June, September, December

Equipment List
»» 2 x folding ruler (2-m plastic) 
»» Notebook / iPhone / iPad
»» Field guide
»» Measuring tape

1 m2 quadrat

Plot Marker

1m2

4m2

Plot Locations
Plot UTM E UTM N
A1 538836 5427924
A2 538847 5427993
A3 538851 5428050
A4 538895 5428100
A5 538893 5428130
B1 538890 5427929
B2 538901 5427988
B3 538915 5428047
B4 538919 5428076
B5 538925 5428101
C1 538949 5427926
C2 538948 5427986
C3 538947 5428045
C4 538945 5428076
C5 538948 5428106

Vegetation Monitoring Plots

Microhabitat measures
Point measures 
(NE corner - at plot 
marker)

Vegetation height (cm)
Soft depth (cm)
Hard depth (cm)
Distance to nearest edge 
(m)

Average height of vegetation at plot centre, omitting outliers. 
Water depth to soft substrate (where measuring ruler rests naturally on the surface)
Water depth to hard substrate (not possible to press ruler further into substrate)
Nearest aquatic / terrestrial edge to plot marker. Terrestrial edge defined as an above-water-level 
surface on which a frog could remain dry (no wet feet)

% surface 
composition 
(1m2 quadrat)

Open water
Interspersed water (herb)
Interspersed water   (shrub)
Floating mat
Island
Shore

Water with no vegtation or debris providing submerged cover.
Aquatic environment with soft plant matter providing cover.
Aquatic environment with woody plant matter providing cover.
Floating vegetation or debris mat - may be partially fixed but moves when pushed.
Land, vegetation mat or debris surrounded by water - does not move when pushed.
Land connected to upland habitat with riparian plant community.

% cover structure 
(1m2 quadrat)

Floating leaf
Herb
Woody
Grass
Overhanging debris

Floating leaves on surface of water.
Perenials / annuals with herbaceous leaves or stemsS.
Shrubby vegetation with woody stems. 
Clumped, bushy grass, with firm base.
Overhanging dead plant matter

% cover vegetation By species - herbs / grasses - use 1-m2 quadrat
By species - shrubs - use 4-m2 quadrat

Percent Cover
Code Range

1 Trace
2 0 - 1 %
3 1 - 2 %
4 2 - 5 %
5 5 - 10 %
6 10 - 25 %
7 25 - 50 %
8 50 - 75 %
9 75 - 95 %

10 95 - 100 %

of ground surface obscured by the vertical projection of all 
aboveground parts of a species or structure type. No value 
may exceed 100% cover, but the sum of all species often will. 
The plant does not need to be rooted in the quadrat to be 
counted. 



3. Amphibian Monitoring
Researchers will use BC MOE Hygeine Protocols (appended) to disinfect waders, 
boats and equipment before entering the habitat. Non-native species will be 
euthanized through immersion in a solution 0.3% benzocaine (3 ml Extra Strength 
Liquid Orajel™ (20% benzocaine) in 200 ml of water).

Oviposition Surveys (Native and Invasive species)
Three visits at two-week intervals will be made in the Spring to count egg masses 
of native, spring-breeding amphibians. Two visits will be made in the summer to 
count egg masses of invasive American Bullfrogs and Green frogs during appropriate 
weather. 

Systematically search all wetted areas of the constructed habtiats, surveying ponds 
and channels from the banks, and wetted marsh by foot or boat in a grid pattern. 
Identify egg masses encountered as waypoints; ‘mark’ waypoints in your GPS, and 
transcribe the waypoint number into your notes along with the UTM coordinates. 
At each waypoint, collect point data: water temperature, conductivity, depth, and 
distance to nearest edge. Make a note of pictures taken, and submit them with 
your data. Egg mass locations may be grouped into logical landscape units (i.e. # of 
egg masses in a pond or section of stream). If egg masses from invasive species are 
identified, collect and remove all embryos from the water using a net or bilge-pump 
into a bucket and spill eggs on dry land at least 15 m from water. 

Monitoring data will be collected within the annual regional breeding amphibian 
program, and transferred to the Constructed Marsh database. Detailed instructions 
are provided in the appended Egg Mass Survey Protocols for Oregon Spotted Frogs 
and Red-Legged Frogs (Balance Ecological 2012). Protocols apply to all target species.  

Call Surveys (Invasive species)
Two visits at two week intervals will be made in the summer. Male bullfrogs and 
green frogs call during their breeding season in June and July in order to attract 
mates. Bullfrogs call most reliably at night, once it is completely dark after a hot 
summer day and evening temperatures remain over 15°C. 

Conduct six consecutive 5-minute call surveys, noting the number of frogs heard 
calling for each species or a chorus as well as the direction of calls to identify the area 
of marsh being utilized. If after 30 minutes no calling has been heard, the observer 
will play a recording of a bullfrog to incite nearby males to call, and record a response 
as ‘present, not detected by passive survey’ or no response as ‘not detected by 
passive or active survey’. 

Tadpole Trapping (Native and Invasive Species)

All local amphibian species develop through the summer months in aquatic areas, 
and can be passively trapped with soft-sided amphibian traps. Trapping for tadpoles 
will take place over two nights in mid-August, when tadpoles have not yet metamor-
phosed and are large and strong enough for easy identification, to establish success 
of breeding amphibians. Place 30 soft-sided amphibian traps partially exposed in 
shallow water (< 25cm) and check daily for two days. Upon placement, collect UTM 
coordinates, temperature, and conductivity. Approximate trap placements should be 
maintained through the years of sampling. When pulling traps collect data regarding 
species, number of individuals at each lifestage, and sex if possible. 

Euthanize non-native species. Listed species killed accidentally should be retained for 
deposit in a recognized museum collection.

Timing
»» Spring Oviposition surveys: 2 surveys at 

2-week intervals starting in mid-March.
»» Summer Call / Oviposition Surveys - 2 

surveys during the first hot weather in 
June / July.
»» Summer Tadpole Trapping - 2 nights in 

August.

Equipment List - Oviposition Surveys
»» Polarized sunglasses
»» GPS unit, set to NAD83/UTM
»» Data forms / iPhone / iPad
»» Camera (with polarized lens if possible)
»» Conductivity meter
»» Thermometer
»» Ruler
»» Waders
»» Canoe / Kayak / Paddleboard, if 

necessary.

Equipment List - Call Surveys
»» GPS
»» Data forms / iPhone / iPad
»» Stopwatch
»» Thermometer

Equipment List - Tadpole Trapping
»» GPS
»» Data forms / iPhone / iPad
»» 30 soft-sided amphibian traps
»» Plastic bags - ziploc style
»» Bucket
»» Extra Strength Liquid Orajel™ (20%)

Species Codes - Likely Amphibians
Common Name Latin Name Species 

Code
Oregon spotted 
frog

Rana pretiosa RAPR

Red-legged frog Rana aurora RAAU
Pacific chorus frog Pseudacris regilla PSRE
Western toad Anaxyrus boreas ANBO
Northwestern 
salamander

Ambystoma 
gracile

AMGR

Long-toed 
salamander

Ambystoma mac-
rodactylum

AMMA

American bullfrog* Rana 
catesbeianus

RACA

Green frog* Rana clamitans RACL

*Invasive species
Balance Ecological 2012. Egg Mass Survey Protocols for Oregon Spotted Frogs and Red-legged 
Frogs



4. Fish Monitoring
Native and invasive fish species are likley to use the wetland and channels 
throughout the year. Fish surveys will be completed biannually, in the spring and late 
summer to inventory species present in the constructed wetland. 

Given the possibility of finding Salish Sucker in the watershed, methods will 
follow Guidelines for the Collection of Salish Sucker (Catostomus sp.4) (Pearson 
2009), which  is suitable for trapping other fish species that may be present in the 
watershed. 

Methods
Place fifteen baited (roe or cat food) Feddes traps overnight in deep wetted areas (> 
50 cm depth) and 15 Gee traps in shallow areas (< 50 cm depth). Upon placement, 
collect UTM coordinates, temperature, conductivity and dissolved oxygen. 
Approximate trap placements should be maintained through the years of sampling. 
Traps will be deployed for less than 24 hours and all traps should be accounted for at 
all times. If dissolved oxygen levels are below 2 mg/l, limit sets to 2-6 hours starting 
in late morning or early afternoon to minimize the risk of asphyxiating fish in traps. 

When pulling trap collect data regarding species, number of individual, and collect 
sex and length measures of at-risk species found. Handling should always be 
minimized, but if necessary, fish should be lightly anaesthetized in a 70 mg/l solution 
of MS222 (tricaine methanosulfonate) first. After handling, fish should be allowed 
to fully recover from sedation and released at their point of capture. Listed species 
killed accidentally should be retained for deposit in a recognized museum collection.

Detailed instructions are provided in the appended Guidelines for the Collection of 
Salish Sucker (Pearson 2012).

Timing
»» Spring (May), Summer (Aug / Sept)

Equipment List
»» GPS unit, set to NAD83/UTM
»» Data forms / iPhone / iPad
»» Conductivity / Temp / DO meter 
»» Waders
»» Canoe 
»» 15 Feddes traps + 15 Gee traps
»» 2 + buckets
»» Fish ruler

Species Codes - Likely Fishes
Common Name Latin Name Species 

Code
Black crappie I Pomoxis 

nigromaculatus
BCB

Western brook 
lamprey

Lampetra 
richardsonii

BL

Brassy minnow Hybognathus 
hankinsoni

BMC

Brown bullhead	
I

Ameiurus 
nebulosus

BNH

Coastrange sculpin Cottus aleuticus CAL
Prickly sculpin Cottus asper CAS
Coastal Cutthroat 
trout B

Oncorhynchys 
clarki clarki

CCT

Chinook salmon	 Oncorhynchus 
tshawytscha

CH

Chum salmon Oncorhyncus keta CM
Coho salmon Oncorhynchus 

kisutch
CO

Carp Cyprinus carpio CP
Largescale sucker Catostomus 

macrocheilus
CSU

Dolly Varden B Salvelinus malma DV
Fathead minnow Pimephales 

promelas
FM

Goldfish Carassius auratus GC
Largemouth Bass Micropterus 

salmoides
LMB

Longnose dace Rhinichthys 
cataractae

LNC

Nooksack dace RE Rhinichthys 
cataractae ssp

NDC

Northern 
pikeminnow

Ptychochilus 
oregonensis

NSC

Peamouth Mylocheilus 
caurinus

PCC

Pumpkinseed I Lepomis gibbosus PMB
Rainbow trout/
Steelhead

Oncorhynchys 
mykiss

RB

River lamprey Lampetra ayresii RL
Redside shiner Richardsonius 

balteatus
RSC

Salish sucker RE Catostomus sp. SSU
Trout Oncorhyncus clarki 

or mykiss
TR

Threespine 
stickleback

Gasteroseus 
aculeatus

TSB

I Introduced ; R BC Red-listed ; B BC Blue-listed ; 
E Federally Endangered

Pearson, Mike M. 2009. Guidelines for the Collection of Salish Sucker (Catostomus sp.). 
Available online: http://www.zoology.ubc.ca/~schluter/stickleback/Salish_sucker/
Guidelines%20for%20collection%20of%20Salish%20sucker.pdf 



5. Bird Monitoring
Avian use will be monitored throughout the year, with emphasis on breeding species. 
Bird use of the site outside of the breeding season will be documented by volunteers 
and data will be recorded using Cornell’s eBird database.

Methods

Marsh Breeding Bird Monitoring
Playback surveys for secretive marsh birds will be employed using the standardized 
North American Marsh Bird Monitoring Protocol. Focal species will include: American 
Bittern, Virginia Rail, Sora, and Pied-billed Grebe. 

A minimum of 3 surveys will be conducted during the breeding season, with at least 
one survey in each of the following windows: 15 May – 31 May, 1 Jun – 14 Jun, and 
15 Jun – 30 Jun. Morning surveys begin 30 minutes before sunrise and should be 
completed prior to 2 hours after sunrise. Surveys should only be conducted when 
wind speed is <20 km/hr, and not during periods of sustained rain or heavy fog.

Specific protocol will follow Conway (2009), including estimating distance to each bird 
when it is first heard.

Diurnal Breeding Bird Monitoring
Twenty-minute point counts with distance estimation will be conducted from a single 
point 3 times during the breeding season, in order to obtain a representative picture 
of the breeding bird community at the site. Count data will be recorded in such a way 
as to maintain compatibility with the two most popular point count lengths, 5 and 10 
minutes (5-minute point counts are used by the BC Breeding Bird Atlas). 

Point counts will have an unlimited radius, in order to maximize detection of species 
and individuals in these relatively open habitats. Point locations will be permanently 
marked and accurately GPSed, and the same points will be used for all successive 
years of the survey.

Detailed instructions are provided in the appended Avian Survey Full Protocols 
document (Sarver Ecological 2014).

Migratory and Wintering Bird Monitoring
During the non-breeding season, biweekly surveys will be conducted by experienced 
volunteer birders.  The volunteer counts will include point counts from the same 
permanent stations as used during the breeding season surveys as well as short 
traveling counts along predetermined, permanent routes between 0.5 km and 1 km 
in length within each habitat. 

Volunteers will follow eBird protocols for short traveling counts and/or stationary 
(point) counts. Use of eBird’s breeding codes when applicable will be required, and 
codes should be interpreted similarly to the BC Breeding Bird Atlas. Data will be 
contributed to Cornell’s eBird database.

Detailed instructions are provided in the appended Volunteer Bird Survey document 
(Balance Ecological 2014).

Timing
»» Spring (May), Summer (Aug / Sept)

Equipment List
»» Binoculars / Scope 
»» Data forms / iPhone / iPad
»» Instruction Sheets / Lists
»» Master list of four-letter bird species 

codes & weather and sky codes
»» Timepiece with a countdown timer and 

a chime
»» Declination-adjustable compass with 

sighting capability (i.e., a mirror)
»» GPS unit with point location loaded 
»» Laser Rangefinder

Balance Ecological 2014. Constructed Shallow Marsh At Aldergrove Regional Park Avian 
Monitoring Volunteer Protocol. 

Conway, C. J. 2009. Standardized North American Marsh Bird Monitoring Protocols, version 
2009-2. Wildlife Research Report #2009-02. U.S. Geological Survey, Arizona Cooperative Fish 
and Wildlife Research Unit, Tucson, AZ.

Sarver Ecological 2014. Constructed Shallow Marsh At Aldergrove Regional Park Avian 
Monitoring Protocols. Prepared for Balance Ecological, Vancouver BC.

Avian Monitoring Protocol 
Travelling Loop

START

END

P

P

P

23747 - 0 Ave  DRIVEW
AY

Unlocked gate. 
Please keep 
closed.

Avian Monitoring Protocol 
Point Count Location with 
distance guides

P

P

23747 - 0 Ave  DRIVEW
AY

25 m

150 m

125 m

100 m

75 m

50 m

Point Count Center
UTM 538906, 5428055



6. Odonate Monitoring
Odonate species richness and relative abundance will be assessed using timed, 
biweekly visual surveys of adults throughout the season. Breeding activity will 
be noted as will use of microhabitat features. Odonate exuviae will be collected 
opportunistically to provide confirmation of breeding status and to identify 
qualitative microhabitat usage patterns.

Methods
Odonates will be surveyed from May through October. Visits will take place every 
2 weeks in order to capture species turnover during the flight season. The same 
observer will complete all surveys. 

All adult odonates encountered will be recorded during a total minimum survey 
period of one hour to be started no earlier than 1000 h and completed by 1700 h. 
Surveys may only be conducted under partly sunny to clear skies (cloud cover <60%) 
and when air temperature in the shade is between 17 °C and 30°C. Counts will not be 

Timing
»» Spring (May), Summer (Aug / Sept)

Equipment List
»» Binoculars / Scope 
»» Data forms / iPhone / iPad
»» Instruction Sheets / Lists
»» Field Guide
»» Timepiece with a countdown timer and 

a chime
»» Glassine envelopes

Sarver Ecological 2014. Constructed Shallow Marsh At Aldergrove 
Regional Park Odonate Monitoring Protocols. Prepared for Balance 
Ecological, Vancouver BC.

Odonate Monitoring Protocol 
Travelling Loop

START

END

P

P

P

23747 - 0 Ave  DRIVEW
AY

Unlocked gate. 
Please keep 
closed.

undertaken if it is raining or the wind is stronger than force 4 on the Beaufort scale (i.e. >18 mph, when small trees in leaf begin 
to sway). Surveys should preferably be 4-5 days after the last significant rain or wind event, in order to maximize opportunities 
for exuviae collection.

Timed visual encounter surveys will be conducted along a series of belt transects begin from the starting point at the northeast 
corner of the site. The standard survey route will include a single circuit of the site perimeter, plus a transect along the middle 
cross-dike separating the north and south marshes and a north-south transect bisecting the south marsh. Use 7-m wide belt 
transects to count odonates. On the perimeter berms, count individuals up to 5 m out into the wetland from the water’s edge 
and 2 m upland from the water’s edge (Smallshire and Benyon 2010). On the cross-dike, double transect width to 14 m, including 
all individuals within 5 m of the water’s edge on BOTH sides of the berm, as well as all those occurring on or over the berm itself 
(4 m berm width). When crossing within the wetland, count all individuals within 3.5 m on either side of the observer.
Keep survey time in discrete 10 minute intervals using a 
countdown timer on a digital watch, with an alarm to alert the 
observer to the transition to the next interval. When each new 
species is seen, add it to the list for that 10-min interval, and 
keep a running tally for each interval for each species and each 
sex.

If it is necessary to capture and key out an individual odonate, 
stop time during that process, and then restart after the 
individual is released or collected. Repeat sightings of 
previously recorded individuals resighted in subsequent time 
intervals should be recorded in the Repeat columns.

If possible, maintain an approximate pace of 10 minutes per 
100 meters should be maintained. At this pace, the survey 
route should take approximately 1.5 hrs of survey time to 
complete. The survey is finished only after the full transect 
length has been covered AND at least 1 hr (6 intervals) of 
survey time has been recorded. If the full length takes longer 
than 1 hr to cover, add up to five 10-minute intervals to 
complete full site transect coverage, up to a maximum of 1.5 
hrs.

Detailed instructions are provided in the appended Odonate 
Survey Protocols document (Sarver Ecological 2014).



7. habitat Feature Monitoring
Habitat features constructed specifically for Oregon Spotted Frogs in the constructed 
wetland will be monitored for their suitability.

Oviposition Habitats - Thermal and Hydrologic Suitability 

In 2015, HOBO™ Light / Temperature loggers will be installed in five or more shallow 
pools present in March that appear to be suitable breeding habitat for Oregon 
Spotted Frogs. Ponds should retain some water into May to allow for free-swimming 
tadpoles to move to deeper waters as the wetland dries in the summer. 

Potential breeding areas exist in the North Marsh to the east of the main channel, 
where groundwater seepage from the upland gravel morraine is likely to provide 
continuous flow of water into shallow ponds, as well as in the north-east and north-
west corners of the South Marsh.

Install loggers in ponds of depth 10-20 cm from water line to the soft substrate in 
March. Use rebar or dowelling to anchor the logger on a polyester string that will 
allow the logger to float to max water level + 20 cm, and also reach the ground. 
Measure water depth at the anchor point. Collect UTM coordinates upon placement.

Monitor both hard and soft water depth at the anchor point on each subsequent visit 
to the wetland with a folding ruler. 

Overwintering Habitats
Fifteen hardhack ‘islands’ planted in the wetland will be selected, marked and 
monitored for growth. Collect UTM coordinates upon placement.

At each island, measure depth at stake (if possible, if not at north edge of island) 
using a folding ruler. With a soft measuring tape, measure the circumference of the 
base of the vegetation clump 10 cm above water level without compressing the 
shrubbery. Alternately, use rope to measure the circumference and measure length 
on folding ruler. 

Low-water Refuge Habitats
In September 2014, place rebar rods in the deepest part of deep pools still holding 
water. Collect UTM coordinates upon placement and label R1, R2, R3 etc. 

Beginning in 2015, when on-site for other monitoring projects during the summer 
months until the first significant fall rain event (June - October), measure soft and 
hard depth at each rod.

Timing
»» Oviposition Habitats - continuous, 

starting in March 2015.
»» Overwintering Habitats - quarterly, on 

same days as Vegetation Surveys.
»» Low-water refuge: June - October, 

when on-site for other monitoring 
projects.

Equipment List - Oviposition
»» GPS unit, set to NAD83/UTM
»» Data forms / iPhone / iPad
»» 5 x HOBO™ Light / Temperature loggers 

(pendant style)
»» 5 x rebar or dowelling rods + polyester 

cord.
»» Folding ruler

Equipment List - Overwintering 
»» GPS unit, set to NAD83/UTM 
»» Data forms / iPhone / iPad
»» Folding ruler
»» Soft measuring tape, tailor-style.

Equipment List - Refuge Habitats
»» GPS unit, set to NAD83/UTM
»» Data forms / iPhone / iPad
»» Folding ruler
»» Rebar rods



8a. Monitoring Calendar - Full Funding Model
Month Hydrology Vegetation Amphibians Fishes Birds Odonates Habitat Features

January Loggers / 
Manual

Volunteers Temp Log

February Loggers / 
Manual

Volunteers Temp Log

March Loggers / 
Manual

Plots: 1 x 8 h EMS: 1 x 6 h Volunteers Temp Log
Hardhack: 1 h

April Loggers / 
Manual

EMS: 2 x 6 h Volunteers
Breed: 1 x 2h

Temp Log

May Loggers / 
Manual

Trap: 2 x 4 h Volunteers
Breed: 2 x 2 h
Marsh: 1 x 2 h

Loop: 1 x 2h Temp Log

June Loggers / 
Manual

Plots: 1 x 8 h Call: 1 x 2 h
EMS: 1 x 4 h

Volunteers
Marsh: 2 x 2 h

Loop: 1 x 2h Temp Log
Hardhack: 1 h

Refuge

July Loggers / 
Manual

Call: 1 x 2 h
EMS: 1 x 4 h

Volunteers Loop: 1 x 2h Temp Log Refuge

August Loggers / 
Manual

Trap: 3 x 4 h Volunteers Loop: 1 x 2h Temp Log Refuge

September Loggers / 
Manual

Plots: 1 x 8 h Trap: 2 x 4 h Volunteers Loop: 1 x 2h Temp Log
Hardhack: 1 h

Refuge

October Loggers / 
Manual

Volunteers Loop: 1 x 2h Temp Log Refuge

November Loggers / 
Manual

Volunteers Temp Log

December Loggers / 
Manual

Plots: 1 x 8 h Volunteers Temp Log
Hardhack: 1 h

8b. Monitoring Calendar - Low Funding Model

Month Hydrology Vegetation Amphibians Fishes Birds Odonates Habitat Features

January Loggers Volunteers Temp Log

February Loggers Volunteers Temp Log

March Loggers Plots: 1 x 4 h EMS: 1 x 4 h Volunteers Temp Log

April Loggers EMS: 1 x 4 h Volunteers Temp Log

May Loggers Volunteers Temp Log

June Loggers Plots: 1 x 4 h Call: 1 x 2 h Volunteers Temp Log Refuge

July Loggers Call: 1 x 2 h Volunteers Temp Log Refuge

August Loggers Trap: 2 x 4 h Volunteers Temp Log

September Loggers Trap: 2 x 4 h Volunteers Temp Log Refuge

October Loggers Volunteers Temp Log

November Loggers Volunteers Temp Log

December Loggers Volunteers Temp Log

In the event that funding  applications are not successful, monitoring will rely on in-kind contributions by project partners and 
student participants. The following activities are of highest priority: 

»» Automatic loggers provide high quality continuous monitoring data, and water level loggers have already been deployed. 
»» Vegetation monitoring is necessary for the provision of mWaintenance recommendations, and will be limited by number of 

plots assessed during the day.S
»» Amphibian and fish surveys are crucial to informing the eventual introduction of Oregon Spotted Frogs to the wetland. 
»» Bird species lists will be generated by volunteers. 
»» Odonate species lists may be generated by volunteers if suitable volunteers are found.



9. Management Summary Diagram
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