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a  b  s  t  r  a  c  t

A  Best Professional  Judgment  (BPJ)  exercise  was performed  to  determine  the  level  of agreement  among
experts  in  evaluating  the  ecological  states  of  western  North  American  rocky intertidal  communities.
Species-abundance  and  environmental  data  from  12  central  and  11  southern  California  sites  were  pro-
vided  to 14  experts  who  independently  ranked  communities  from  best  to worst  and  assigned  each  to
one  of  five  categories  based  on the  degree  of  deviation  from  an  expected  natural  biological  state.  Experts
achieved  Spearman  correlations  of  0.49  (central  California)  and  0.30 (southern  California)  in  their  rank-
ings and  averaged  75.4%  and  70.0%  Euclidean  Similarity  (ES)  in  their  community  evaluations.  These  ES
values  compare  favorably  with  agreement  levels  found  for  similar  exercises  with  soft  bottom  macroin-
vertebrate  assemblages.  The  experts  emphasized  macrophytes  with  functional  characteristics  related
to morphology  and  sessile  macroinvertebrates  in their  assessments.  Several  challenges  were  noted  in
interpreting  rocky  intertidal  data  sets,  the  most  prominent  of which  are  high  spatial  and  temporal  varia-
tion  and  site-to-site  differences  in  natural  disturbance  regimes,  features  that  lead  to multiple,  expected
community  states.  Experts  required  detailed,  physical  habitat  descriptions  to  develop  community  com-
position  expectations  that  differed  for  different  shore  types,  and  expressed  concern  about  evaluating
rocky  intertidal  communities  based  on  only  a single  sampling  event.  Distinguishing  natural  from  anthro-
pogenic  disturbance  without  information  on the  sources  and  magnitudes  of  anthropogenic  perturbation
was  also  found  to be challenging  because  the  biological  responses  to  these  stressors  are  often  similar.  This
study  underscores  the  need  for long-term  data  sets  that  describe  the  dynamics  of  populations  and  com-
munities  and  rigorous  testing  of  expert  judgments  to firmly  establish  broadly  applicable  and  consistent
links  between  community  states  and  anthropogenic  stressors  on  rocky  shores.

© 2015  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Coastal managers often rely on species composition and
abundance data to evaluate the ecological states of biological com-
munities and to interpret the extent of anthropogenic impacts.
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Although multivariate approaches, such as non-metric multidi-
mensional scaling (Clarke and Gorley, 2006), are powerful tools for
differentiating community structures, analyses based on biologi-
cal data can be difficult to interpret, particularly when the effects
of multiple potential stressors need to be considered in a setting
of large natural biological variation. Moreover, coastal managers
rarely have access to temporal data sets with the history needed
to evaluate community state in the context of natural community
dynamics.
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Biotic indices that translate complex ecological data into simpler
metrics are sometimes used as communication tools for represent-
ing community states. Such indices are widely used for benthic
macroinfaunal communities (Borja et al., 2000, 2014; Dauvin et al.,
2012) where they have gained acceptance from coastal man-
agers for characterizing the degree of anthropogenic perturbation
(Borja et al., 2009; Díaz et al., 2004; Weisberg et al., 1997). In
response to a call from the European Water Framework Directive
(EC, 2000), efforts have been made to develop indices for phyto-
plankton (Revilla et al., 2009) and macroalgae (Orfanidis et al., 2001,
2003; Scanlon et al., 2007; Selig et al., 2007; Sfriso et al., 2009;
Wilkinson et al., 2007), including attempts to develop indices for
rocky intertidal and shallow, subtidal habitats (Ballesteros et al.,
2007; Bermejo et al., 2012; Díez et al., 2012; Juanes et al., 2008;
Panayotidis et al., 2004; Pinedo et al., 2007; Wells et al., 2007). How-
ever, for rocky coastal environments, these efforts remain on-going
and a consensus has yet to be achieved on which rocky intertidal
population and community responses serve to consistently differ-
entiate natural from anthropogenic stress across different types of
shores and geographic regions, an important property of a widely
useful index (see Murray et al., 2006).

By their nature, rocky intertidal communities offer several
challenges to evaluators of community state and to index devel-
opment. First, these communities occupy heterogeneous habitats
with considerable spatial and temporal variation in key abiotic
environmental drivers. This can lead to multiple possible com-
munity structures that change over time, even for habitat patches
within the same physical site, complicating efforts to evaluate eco-
logical state. Second, rocky shore communities are simultaneously
subjected to significant physical (e.g., wave action, sand scour, sub-
stratum instability, aerial emersion) and biological (e.g., predation)
natural processes, whose effects are often difficult to differenti-
ate from all but the most severe anthropogenic (e.g., poor water
quality, trampling, harvesting) impacts. Third, the rocky intertidal
zone is strongly influenced by tides, where submersion and emer-
sion regimes limit the shore positions that can be occupied by most
species (Knox, 2001; Raffaelli and Hawkins, 1999). This produces
well known, vertical patterns of species abundances on the shore
and makes it essential that community data used to determine and
compare the ecological states of sites are obtained from samples
taken over equivalent intertidal positions. Fourth, the composition,
orientation (slope, aspect) and relief (rugosity) of the rocky sub-
stratum itself has a strong influence on species distributions and
abundances, within and among sites (Schoch and Dethier, 1996;
Wells et al., 2007).

A step toward advancing our understanding of anthropogeni-
cally impacted communities is to determine the level of consensus
achieved by experts when asked to identify a community’s ecologi-
cal state based upon the response signatures captured by biological
data. Best Professional Judgment (BPJ) exercises have been used
successfully to make state judgments in many fields (Meyer and
Booker, 2001). For example, in aquatic environments, BPJ has
been used to evaluate and compare benthic indices (Borja et al.,
2014; Dauvin et al., 2012; Ranasinghe et al., 2008; Teixeira et al.,
2012), to determine consistency in judging sediment quality (Bay
et al., 2007), and to ascertain the level of agreement in identifying
the degree of disturbance in benthic macroinfaunal communi-
ties (Borja et al., 2014; Dauvin et al., 2012; Teixeira et al., 2010;
Thompson et al., 2012; Weisberg et al., 2008). To our knowledge
BPJ has yet to be used to evaluate the ecological states of rocky
intertidal communities.

Here, we convened a team of rocky intertidal experts to conduct
a BPJ exercise to determine: (1) the level of agreement in identifying
the states of rocky intertidal communities and (2) which attributes
of the biological data were found most useful in making state eval-
uations. We  also assess how well the level of expert agreement

Table 1
Names and locations of western North American rocky intertidal sites containing
macroorganism communities evaluated by experts.

Site name Latitude (◦N)
(DD.DD)

Longitude (◦W)
(DD.DD)

Central California sites
Pigeon Point 37.19 122.40
Año  Nuevo 37.11 122.33
Hopkins Marine Station 36.62 121.91
Point Lobos 36.51 121.94
Hazard Canyon 35.29 120.88
Shell Beach 35.17 120.70
Stairs 34.73 120.62
Partington Cove 36.17 121.70
Lucia 36.01 121.54
Duck Pond 35.86 121.42
Terrace Point 36.95 122.06
Point Sierra Nevada 35.73 121.33

Southern California sites
Buck Gully 33.59 117.87
Cabrillo: Zone 1 32.67 117.25
Crystal Cove 33.57 117.84
Dana Point 33.46 117.71
Heisler Park 33.54 117.79
La  Jolla Caves 32.85 117.27
Lechuza Point 34.03 118.86
Old  Stairs 34.07 119.00
Paradise Cove 34.01 118.79
Scripps 32.87 117.25
Sequit Point 34.03 118.86

attained for rocky intertidal communities compares with similar
BPJ exercises performed to evaluate the ecological states of benthic
macroinfaunal samples from soft bottom habitats where knowl-
edge of biological indicators of anthropogenic stress is much more
fully developed.

2. Methods

Experts evaluated the states of rocky intertidal communities
using biological data commonly collected in rocky intertidal samp-
ling programs: site-scale data representing the abundances of
macrophyte (macroalgae and surfgrasses) and macroinvertebrate
(invertebrates discernible in the field with the unaided eye) popu-
lations. Similar procedures to those employed in BPJ exercises for
benthic macroinfaunal communities were used (see Thompson
et al., 2012; Weisberg et al., 2008). Biological and physical environ-
mental data sets for a range of sites were collected, standardized,
and given to each expert, and instructions for ranking and sco-
ring site communities were provided so experts could prepare their
evaluations.

2.1. Sites

Our study focused on 23 sites from western North America: 12
from central California and 11 from southern California (Table 1);
sites were chosen from a potential pool of 34 central California and
31 southern California mainland sites for which comparable data
sets were available. Selected sites had a geomorphology consist-
ing primarily of rock outcrops or benches; sites composed largely
of cobble or other unstable substrata were not included. Selected
sites were distributed over most of the two study regions. Central
California sites ranged from Pigeon Point (37.19◦ N; 122.40◦ W)  to
Stairs (34.73◦ N; 120.62◦ W).  Southern California sites were located
south of Point Conception, a major biogeographic boundary, and
were distributed along the coastline from Old Stairs (34.07◦ N;
119.00◦ W)  to Cabrillo Zone 1 (32.67◦ W;  117.25◦ W).  Sites directly
exposed to high levels of contamination, such as sewage or paper-
mill discharges, were not available for sampling because current

https://www.researchgate.net/publication/6750918_A_new_methodology_based_on_littoral_community_cartography_for_the_implementation_of_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6750918_A_new_methodology_based_on_littoral_community_cartography_for_the_implementation_of_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6750918_A_new_methodology_based_on_littoral_community_cartography_for_the_implementation_of_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/5800727_Evaluating_Consistency_of_Best_Professional_Judgment_in_the_Application_of_a_Multiple_Lines_of_Evidence_Sediment_Quality_Triad?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/5800727_Evaluating_Consistency_of_Best_Professional_Judgment_in_the_Application_of_a_Multiple_Lines_of_Evidence_Sediment_Quality_Triad?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/236733383_Application_and_reassessment_of_the_reduced_species_list_index_for_macroalgae_to_assess_the_ecological_status_under_the_Water_Framework_Directive_in_the_Atlantic_coast_of_Southern_Spain?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/236733383_Application_and_reassessment_of_the_reduced_species_list_index_for_macroalgae_to_assess_the_ecological_status_under_the_Water_Framework_Directive_in_the_Atlantic_coast_of_Southern_Spain?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/236733383_Application_and_reassessment_of_the_reduced_species_list_index_for_macroalgae_to_assess_the_ecological_status_under_the_Water_Framework_Directive_in_the_Atlantic_coast_of_Southern_Spain?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222648391_A_Marine_Biotic_Index_to_Establish_the_Ecological_Quality_of_Soft-Bottom_Benthos_Within_European_Estuarine_and_Coastal_Environments?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222648391_A_Marine_Biotic_Index_to_Establish_the_Ecological_Quality_of_Soft-Bottom_Benthos_Within_European_Estuarine_and_Coastal_Environments?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/261438291_Is_there_a_significant_relationship_between_the_benthic_status_of_an_area_determined_by_two_broadly-used_indices_and_best_professional_judgment?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/261438291_Is_there_a_significant_relationship_between_the_benthic_status_of_an_area_determined_by_two_broadly-used_indices_and_best_professional_judgment?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/261438291_Is_there_a_significant_relationship_between_the_benthic_status_of_an_area_determined_by_two_broadly-used_indices_and_best_professional_judgment?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/261438291_Is_there_a_significant_relationship_between_the_benthic_status_of_an_area_determined_by_two_broadly-used_indices_and_best_professional_judgment?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/261438291_Is_there_a_significant_relationship_between_the_benthic_status_of_an_area_determined_by_two_broadly-used_indices_and_best_professional_judgment?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/226658765_Current_status_of_macroinvertebrate_methods_used_for_assessing_the_quality_of_European_marine_waters_Implementing_the_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/230602540_Development_of_a_tool_for_assessing_the_ecological_quality_status_of_intertidalcoastal_rocky_assemblages_within_Atlantic_Iberian_coasts?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/230602540_Development_of_a_tool_for_assessing_the_ecological_quality_status_of_intertidalcoastal_rocky_assemblages_within_Atlantic_Iberian_coasts?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/230602540_Development_of_a_tool_for_assessing_the_ecological_quality_status_of_intertidalcoastal_rocky_assemblages_within_Atlantic_Iberian_coasts?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222661103_Macroalgae_a_suitable_indicator_of_the_ecological_status_of_coastal_rocky_communities_in_the_NE_Atlantic?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222661103_Macroalgae_a_suitable_indicator_of_the_ecological_status_of_coastal_rocky_communities_in_the_NE_Atlantic?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222661103_Macroalgae_a_suitable_indicator_of_the_ecological_status_of_coastal_rocky_communities_in_the_NE_Atlantic?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/247849090_The_Ecology_of_Seashores?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/268633963_Eliciting_and_Analyzing_Expert_Judgment_A_Practical_Guide?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/268633963_Eliciting_and_Analyzing_Expert_Judgment_A_Practical_Guide?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229037526_Ecological_evaluation_of_transitional_and_coastal_waters_A_marine_benthic_macrophytes-based_model?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229037526_Ecological_evaluation_of_transitional_and_coastal_waters_A_marine_benthic_macrophytes-based_model?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229037526_Ecological_evaluation_of_transitional_and_coastal_waters_A_marine_benthic_macrophytes-based_model?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/226456269_Use_of_low-budget_monitoring_of_macroalgae_to_implement_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/226456269_Use_of_low-budget_monitoring_of_macroalgae_to_implement_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/226456269_Use_of_low-budget_monitoring_of_macroalgae_to_implement_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6745758_Rocky-shore_communities_as_indicators_of_water_quality_A_case_study_in_the_Northwestern_Mediterranean?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6745758_Rocky-shore_communities_as_indicators_of_water_quality_A_case_study_in_the_Northwestern_Mediterranean?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6745758_Rocky-shore_communities_as_indicators_of_water_quality_A_case_study_in_the_Northwestern_Mediterranean?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/23770403_Calibration_and_evaluation_of_five_indicators_of_benthic_community_condition_in_two_California_bay_and_estuary_habitats?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/23770403_Calibration_and_evaluation_of_five_indicators_of_benthic_community_condition_in_two_California_bay_and_estuary_habitats?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/23770403_Calibration_and_evaluation_of_five_indicators_of_benthic_community_condition_in_two_California_bay_and_estuary_habitats?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229314457_Assessment_of_the_phytoplankton_ecological_status_in_the_Basque_coast_northern_Spain_according_to_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6725219_The_monitoring_of_opportunistic_macroalgal_blooms_for_the_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6725219_The_monitoring_of_opportunistic_macroalgal_blooms_for_the_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6725219_The_monitoring_of_opportunistic_macroalgal_blooms_for_the_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/223929934_Ecological_classification_of_macroalgae_and_angiosperm_communities_of_inner_coastal_waters_in_the_southern_Baltic_Sea?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/223929934_Ecological_classification_of_macroalgae_and_angiosperm_communities_of_inner_coastal_waters_in_the_southern_Baltic_Sea?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/223929934_Ecological_classification_of_macroalgae_and_angiosperm_communities_of_inner_coastal_waters_in_the_southern_Baltic_Sea?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/225612352_Validation_of_the_Macrophyte_Quality_Index_MaQI_set_up_to_assess_the_ecological_status_of_Italian_marine_transitional_environments?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/225612352_Validation_of_the_Macrophyte_Quality_Index_MaQI_set_up_to_assess_the_ecological_status_of_Italian_marine_transitional_environments?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/225612352_Validation_of_the_Macrophyte_Quality_Index_MaQI_set_up_to_assess_the_ecological_status_of_Italian_marine_transitional_environments?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/40456201_Assessing_coastal_benthic_macrofauna_community_condition_using_best_professional_judgement_-_Developing_consensus_across_North_America_and_Europe?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/40456201_Assessing_coastal_benthic_macrofauna_community_condition_using_best_professional_judgement_-_Developing_consensus_across_North_America_and_Europe?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229339129_Calibration_and_validation_of_the_AZTI's_Marine_Biotic_Index_AMBI_for_Southern_California_marine_bays?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229339129_Calibration_and_validation_of_the_AZTI's_Marine_Biotic_Index_AMBI_for_Southern_California_marine_bays?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/229339129_Calibration_and_validation_of_the_AZTI's_Marine_Biotic_Index_AMBI_for_Southern_California_marine_bays?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/235432787_Low_levels_of_agreement_among_experts_using_best_professional_judgment_to_assess_benthic_condition_in_the_San_Francisco_Estuary_and_Delta?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/235432787_Low_levels_of_agreement_among_experts_using_best_professional_judgment_to_assess_benthic_condition_in_the_San_Francisco_Estuary_and_Delta?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/235432787_Low_levels_of_agreement_among_experts_using_best_professional_judgment_to_assess_benthic_condition_in_the_San_Francisco_Estuary_and_Delta?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/235432787_Low_levels_of_agreement_among_experts_using_best_professional_judgment_to_assess_benthic_condition_in_the_San_Francisco_Estuary_and_Delta?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/280806562_An_estuarine_benthic_index_of_biotic_integrity_B-IBI_for_Chesapeake_Bay?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222699416_The_level_of_agreement_among_experts_applying_best_professional_judgment_to_assess_the_condition_of_benthic_infaunal_communities?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222699416_The_level_of_agreement_among_experts_applying_best_professional_judgment_to_assess_the_condition_of_benthic_infaunal_communities?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222699416_The_level_of_agreement_among_experts_applying_best_professional_judgment_to_assess_the_condition_of_benthic_infaunal_communities?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/222699416_The_level_of_agreement_among_experts_applying_best_professional_judgment_to_assess_the_condition_of_benthic_infaunal_communities?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6722732_The_use_of_macroalgal_species_richness_and_composition_on_intertidal_rocky_seashores_in_the_assessment_of_ecological_quality_under_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6722732_The_use_of_macroalgal_species_richness_and_composition_on_intertidal_rocky_seashores_in_the_assessment_of_ecological_quality_under_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6722732_The_use_of_macroalgal_species_richness_and_composition_on_intertidal_rocky_seashores_in_the_assessment_of_ecological_quality_under_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6722732_The_use_of_macroalgal_species_richness_and_composition_on_intertidal_rocky_seashores_in_the_assessment_of_ecological_quality_under_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6722732_The_use_of_macroalgal_species_richness_and_composition_on_intertidal_rocky_seashores_in_the_assessment_of_ecological_quality_under_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6713410_Using_attached_macroalgae_to_assess_ecological_status_of_British_estuaries_for_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6713410_Using_attached_macroalgae_to_assess_ecological_status_of_British_estuaries_for_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==
https://www.researchgate.net/publication/6713410_Using_attached_macroalgae_to_assess_ecological_status_of_British_estuaries_for_the_European_Water_Framework_Directive?el=1_x_8&enrichId=rgreq-334f2be3-954c-45ae-a5ec-09c3fb7e451d&enrichSource=Y292ZXJQYWdlOzI4Mjg0Mjk1NDtBUzoyODYzOTI2Nzc2MTc2NjRAMTQ0NTI5Mjc0MzU5MQ==


804 S.N. Murray et al. / Ecological Indicators 60 (2016) 802–814

regulations have eliminated these direct, obvious intertidal impacts
in the study region. For this study, sites exposed to the most
extreme anthropogenic disturbances were those near urban cen-
ters, receiving high levels of human visitation, close to subtidal
discharges of treated sewage effluents, or proximal to storm drains
or urban runoff pathways. Sites least exposed to anthropogenic
influence were located in rural areas removed from urban centers
with limited human access. The selected sites are believed to be rep-
resentative of the range of ecological states for these types of rocky
shore now found along this portion of the western North American
coast. All site data used in this study were collected during a single
1–2 day sampling period between 2000 and 2007.

2.2. Experts

Fourteen experts with 10 to >40 years of experience working
on community-level, field sampling of western North American
rocky intertidal communities took part in the exercise. Almost
all had extensive field sampling experience in central California
whereas only a few had similar sampling experience in south-
ern California; one expert had the majority of experience outside
of California, although at locations biogeographically similar to
central California. Most experts routinely perform fieldwork and
analyze rocky intertidal population and community data to exam-
ine natural or anthropogenic drivers of community state. All 14
experts participated in the central California exercise while 13 sub-
mitted evaluations for southern California.

2.3. Data sets

Data were obtained using common rocky intertidal commu-
nity sampling procedures. At each site, a 30 m transect parallel
to the shoreline and above the high tide zone was  established to
provide a baseline for locating 11 additional transects running per-
pendicular to the ocean; these 11 transect lines, separated by 3 m
intervals, followed the contours of the substratum. Cover data for
macrophytes and macroinvertebrates were collected along the 11
transects using a point intercept method; intervals between points
were adjusted along transects with respect to the extent of the
sampled habitat in order to achieve approximately 100 points per
transect. In addition to point data, counts were obtained for mobile
macroinvertebrates and converted to density. This was accom-
plished by counting the mobile macroinvertebrates contained in
three 50 cm × 50 cm quadrats randomly placed in high, mid, and
low zones along each of the 11 transects (n = 33 quadrats). Estimates
of the tidal heights of sampled points and quadrats were made and
measures of selected physical environmental features performed.
Biological data in this exercise consisted of species abundances
(cover and density) for each site, presented in a species by site Excel
matrix, plus several summary and diversity calculations made from
these data; experts were also given key environmental features and
the sampling date for each site (Table 2). The summary and diver-
sity calculations were provided to facilitate the ability of experts to
perform their analyses should they wish to use this information; no
suggestions were made regarding the utility of these calculations
or any other approach for evaluating the ecological states of the
rocky intertidal communities.

2.4. Exercises

Unlike the BPJ exercises performed on benthic macroinfau-
nal communities, which relied on a single evaluation (Borja
et al., 2014; Dauvin et al., 2012; Teixeira et al., 2010; Thompson
et al., 2012; Weisberg et al., 2008), three trials were performed
in this study. In addition, a linear, five point scale, consistent
with the European Water Framework Directive’s five classes for

Table 2
Biological and environmental data provided for evaluations of western North Ameri-
can  rocky intertidal communities. Qualitative metrics (e.g., very low, low, moderate,
high, very high) were used for parameters indicated with an asterisk (*). Degree of
freshwater influence was assessed by providing source and proximity.

Biological data Environmental data

Mean biological cover Site location
Mean abiotic cover (bare rock,

sand, tar)
Site name

Latitude
Macrophytes Longitude
Mean cover for site Biogeographic affinity
Mean cover by 0.3 m tidal interval

Substratum
Macroinvertebrates Substratum geological formation
Mean cover for site *Substratum character (degree of

consolidation)
Mean cover by 0.3 m tidal interval *Susceptibility to substratum

breakout
Mean  density for site *Substratum relief
Mean density by 0.3 m tidal

interval
Substratum slope (degrees)

Primary substratum type (e.g.,
bedrock, boulders)

Species and taxon diversity
(separately for cover and density
data)

Number of sampled taxa Physical disturbance agents
Total cover or number of organisms *Degree of wave exposure
Simpson’s 1 − ! index Wave exposure (primary direction)
Shannon’s H’ index (ln) Degree of freshwater influence
Pielou’s J’ index (ln) *Degree of sand influence
Margalef’s D’ index

Other
Species and taxon characteristics Protection status
Classification *Degree of human visitation
Functional group (macrophytes) Site overview photographs
Trophic group

(macroinvertebrates)

categorizing ecological state (EC, 2000), was employed to capture
expert evaluations, instead of the four point scale used in the com-
parative macroinfaunal BPJ exercises. Adjustments were made in
the type and amount of information provided after Trials 1 and 2 to
clarify instructions and address questions raised during post-trial
discussions. Thus, experts were informed by discussions stemming
from the previous trial before submitting their responses for the
ensuing trial. Between trials, experts were given several weeks to
individually process post-trial discussion and then were provided
data sets and asked to submit their own independent evaluations
for the next trial.

For Trial 1, experts were given data from 31 central California
intertidal communities. The names and locations of sites were not
provided prior to evaluations, requiring experts to make assess-
ments using only site-specific biological and environmental data;
no indication of the sources or magnitudes of anthropogenic stress-
ors were included. Experts were asked to assign each community’s
state to one of five categories regardless of the nature of perceived
disturbance: (1) undisturbed; (2) largely undisturbed; (3) neu-
tral (i.e., between largely undisturbed and moderately disturbed);
(4) moderately disturbed; and (5) strongly disturbed. In addition,
experts were asked to identify the five sites believed to be most
strongly influenced by anthropogenic disturbance. Responses were
summarized, presented to experts, and discussed during a post-
exercise meeting.

For Trial 2, 12 of the original central California sites were
selected for further analysis. Added to these central California sites
were 11 sites from southern California, a biogeographically differ-
ent and more urbanized section of the western North American
coast. The southern California sites were added to the exercise to
enlarge the range of anthropogenically influenced conditions and
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to increase the diversity of biological communities subject to eval-
uation. For the southern California sites, experts were not provided
site locations, but for central California the site locations and expert
rankings in the first trial were known from post-Trial 1 discus-
sion. Experts were again asked to independently assign each site
to one of the same five disturbance categories, without informa-
tion on anthropogenic impacts, and to rank the sites from least
to most disturbed (separately for central and southern California
sites). No attempts were made to distinguish anthropogenic from
other forms of disturbance because of difficulties in making this
distinction revealed during post-Trial 1 discussion.

The same set of sites was used in Trial 3, but besides the bio-
logical data, experts were provided additional environmental data
including photographs and verbal descriptions of the physical char-
acteristics of each site. This was done in response to feedback
following Trial 2 where experts felt the need for more informa-
tion on site characteristics to better allow them to establish an
expected, un-impacted community state. Post-Trial 2 discussions
also revealed problems scoring communities exposed to different
forms and magnitudes of natural environmental disturbance (e.g.,
wave exposure), particularly given a “one-off” biological data set.
Thus, for Trial 3, the disturbance scale was modified to reflect the
degree to which the biological data match expectations because
rocky intertidal biology is known to differ for sites with differ-
ent environmental features and natural disturbance regimes. This
approach required experts to first independently categorize sites
using the available natural environmental data and then to use the
biological data to determine the degree to which the observed com-
munity state deviated from expectations for that type of site. Again,
information on the sources and magnitudes of anthropogenic dis-
turbance were not provided. For Trial 3, the linear scale was  refined
as follows: (1) undisturbed or within the envelope of states that
characterize the “best that it could be” potential condition for a site
of this type; (2) largely undisturbed or near to but outside a state
that characterizes the “best that it could be” potential condition for
a site of this type; (3) neutral (i.e., between categories 2 and 4); (4)
moderately disturbed or removed from a state that characterizes
the “best that it could be” potential condition for a site of this type;
and (5) strongly disturbed or far removed from a state that charac-
terizes the “best that it could be” potential condition for a site of this
type. No attempt was made to adjust scores based on whether devi-
ations from the expected state were due to anthropogenic factors
or extreme natural disturbance events.

To determine the most informative elements of the biological
data, experts identified and rated the usefulness of selected bio-
logical attributes in making their evaluations. Again, a five point
scale was employed: (1) provides critical information of primary
importance; (2) provides valuable information of importance; (3)
provides information of value; (4) provides information but used
as a secondary factor; and (5) provides little, if any, information
and of limited or no use. Lastly, experts rated the usefulness of
the non-biological variables made available for characterizing site
types based on natural environmental features. This was  done using
the same five-point scale.

2.5. Data analyses

Descriptive statistics [means ± 1 SD and CV (%)] were used to
summarize the aspects of the biological data most useful in mak-
ing state evaluations and the different environmental parameters
used to characterize site types. Two approaches were employed to
determine the level of agreement achieved in using the biologi-
cal data to judge community states: expert rankings from “most”
to “least” disturbed and assigned scores using the final, linear five
point disturbance scale. Separate analyses were performed for cen-
tral California and southern California and final Trial 3 results were

used to determine the level of agreement and for comparisons with
BPJ exercises for benthic macroinfaunal communities. Community
state scores also were compared across the three rocky intertidal
trials to examine changes in the level of agreement as the exercise
progressed.

2.5.1. Rankings
PRIMER-e v6 (Clarke, 1993; Clarke and Gorley, 2006) was  used

to compute Spearman’s correlation coefficients (r) between each
rocky intertidal expert pair based on Trial 3 responses. Significance
of r was  determined using two-tailed probability tables and  ̨ ≤ 0.05
and ≤0.01.

2.5.2. Deviation-from-expectation disturbance scores
Two  methods were used to analyze agreement among experts

in scoring sites: (1) mean scores and CV for each community calcu-
lated among all experts and for the responses of each expert; and
(2) PRIMER-e v6 analyses based on pairwise similarities calculated
between each expert pair followed by cluster and non-metric mul-
tidimensional scaling (MDS); these were performed treating the
experts as samples and the sites as variables (Clarke, 1993; Clarke
and Gorley, 2006).

For the PRIMER-e v6 similarity analyses, the matrix of between-
expert scores was constructed using the Euclidean Distance
coefficient converted to a Euclidean Similarity (ES), expressed as
a percentage, by the formula:

100 ×

[
1 −

√∑n
i=1(Di)

2

nm2

]

where D = the difference between the scores of an expert pair, i = the
community examined, n = the number of cases or communities
scored by each expert, and m = the maximum difference possible
between a pair of expert scores (4 in this study using the 5 point dis-
turbance scale). Experts (samples) were then grouped using cluster
analysis (group average) and subjected to MDS. Cluster groups
(≥60% and ≥80%) were overlaid on MDS  plots to show patterns of
expert similarity. For comparisons with benthic macroinfaunal BPJ
exercises, pairwise ES values were calculated from expert scores
reported by Borja et al. (2014), Dauvin et al. (2012), Teixeira et al.
(2010), Thompson et al. (2012), and Weisberg et al. (2008).

Analyses of expert responses for the three trials were based
on the 12 central and 11 southern California sites assessed dur-
ing Trial 3 and limited to comparisons of mean site disturbance
scores and mean pairwise similarity values computed from these
scores. However, differences among the three central California and
two southern California trials also were tested statistically using
repeated measures analyses with site and expert being categorical
factors and trial being the repeated measure. Within subject effects
were modeled using a Pillai Trace F approximation when appropri-
ate (>2 trials). Because of the lack of independence among pairwise
similarity (%) values within each trial, only descriptive statistics
(means ± 1 SD) are presented to compare trial-to-trial differences
in expert responses.

3. Results

3.1. Trial-by-trial results

Disturbance scores changed significantly for central (Mul-
tivariate Repeated Measures Analysis; p < 0.001) and southern
(Univariate Repeated Measures Analysis; p < 0.001) California rocky
intertidal communities following post-trial discussions. For central
California, the mean site score did not differ significantly between
the first two trials (3.09 vs. 3.04; p = 0.328) but was significantly
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Table 3
Central California. Spearman’s correlation coefficients (r) between rocky intertidal experts based on site community rankings using trial
3  results. Red values (*) – significant correlations (p ≤ 0.01); blue values (!) – significant correlations (p ≤ 0.05 ≥ 0.01); yellow-shaded
cells,  negative correlations; based on two tailed tests.

(p < 0.001) lower for Trial 3 (2.04), probably due to changes in and
improved understanding of the disturbance scale; similar results
occurred for southern California between the two trials (3.31 vs.
2.94). For central California, mean similarity increased progres-
sively across the three trials (63.5%; 70.7%; 75.4%) while variation
decreased (CV = 9.4%; 8.4%; 6.2%), indicating improvements in the
level of expert agreement. For southern California, a small increase
in mean similarity also was observed (67.4% vs. 70.0%) between the
two trials along with a small increase in CV (7.0% vs. 8.8%).

3.2. Central California communities – Trial 3

Expert agreement in ranking communities, as measured by
Spearman’s correlation coefficient r, averaged 0.49 for central
California (Table 3). Thirty-two of 91 calculations resulted in an

r value ≥0.60; 39.6% of r values were significant at p ≤ 0.05 and
10.9% at p ≤ 0.01. Only one expert showed negative correlations
with peers and only in two  cases; all other correlations were pos-
itive. State scores for central California sites ranged from 1.36 to
2.86 with an overall mean of 2.04 (Table 4). Five of the 12 com-
munities were scored the same by a majority of experts but none
received the same score from all experts. Only one community
received at least one score of 5, whereas ten were given scores of
1 by at least one expert. The mean CV averaged 35.4% across all
site communities. The average state score for an individual expert
ranged from 1.50 to 2.58 and the mean CV from 13.9% to 69.3%
(Table 4).

ES between experts averaged 75.4% and ranged from 57.3% to
89.8% for central California (Table 5). Similarity between experts
was ≥80.0% in 21 and ≤60.0% in 2 of 91 cases; the mean CV was 8.3%.

Table 4
Central California. Rocky intertidal experts disturbance scores for site communities using trial 3 results. Scores are on a 1–5 scale with
1  being least and 5 being most disturbed.



S.N. Murray et al. / Ecological Indicators 60 (2016) 802–814 807

Table  5
Central California. Pairwise ES between rocky intertidal experts based on site community disturbance scores for trial 3. Red values –
similarities ≥80%; blue values – similarities ≤60%.

As depicted in MDS  plots, cluster analysis revealed that all experts
grouped together at ≥60.0% similarity; two groups of experts, one
consisting of 2 and the other of 6, achieved ≥ 80.0% similarity in
their state scores (Fig. 1a).

3.3. Southern California communities – Trial 3

The mean r for southern California (r = 0.30) was lower than for
central California and only 14 of 78 calculations resulted in an r
value ≥0.60 (Table 6); 13 of the 78 correlations were significant at
p ≤ 0.05 and only 1 at p ≤ 0.01. Negative r values were observed for
three experts in a total of nine cases; all other correlations were
positive. Southern California state scores were generally higher
than central California indicating a higher level of site disturbance
and ranged from 2.38 to 4.08 with a mean of 2.94 (Table 7). Only
one of the eleven communities was scored the same by a majority
of experts; none received the same score from all experts. Unlike

central California, at least one expert assigned a score of 5 to four of
the eleven communities and only five communities were given at
least one state score of 1. The mean CV averaged 30.2%. The average
score for an individual expert scoring all communities ranged from
2.18 to 3.55 and the mean CV from 9.8% to 56.8% (Table 7).

For southern California, ES between experts was  less than for
central California, averaging 70.0% and ranging from 48.9% to 92.5%
(Table 8). Similarity between expert pairs was ≥80.0% in 11 (14.1%)
and ≤60.0% in 8 (10.3%) of 78 cases; the mean CV was 12.6%. As
depicted in the MDS  plot, cluster analysis revealed that all experts
grouped together at ≥60.0% similarity. However, only one group of
four experts clustered at ≥80.0% (Fig. 1b).

3.4. Useful elements of biological data sets

Most rocky intertidal experts relied on the abundances of
macrophytes and sessile macroinvertebrates in making their

Table 6
Southern California. Spearman’s correlation coefficients (r) between rocky intertidal experts based on site community rankings using
trial 3 results. Red values (*) – significant correlations (p ≤ 0.01); blue values (!) – significant correlations (p ≤ 0.05 ≥ 0.01); yellow-shaded
cells,  negative correlations; based on two tailed tests.
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Table 7
Southern California. Rocky intertidal experts disturbance scores for site communities using trial 3 results. Scores are on a 1–5 scale with
1  being least and 5 being most disturbed.

assessments; abundances of mobile macroinvertebrates were
generally found to be less useful (Tables 9 and 10). Of lesser
importance were overall biotic cover patterns, biological diversity,
and community level analyses, metrics and approaches commonly
used to analyze communities based on data sets for all populations.
Experts identified disturbance indicators to be high abundances of
small, fast-growing, opportunistic algae such as Ulva spp., small,
red turf-forming and green filamentous algae and low-lying,
crustose seaweeds. Annual macrophytes such as Scytosiphon spp.
and Petalonia spp. and the anemone Anthopleura elegantissima
were used to characterize sand-disturbed habitats. Experts focused
on high abundances of perennial, upper shore rockweeds, lower
shore kelp and other large brown seaweeds, and surfgrasses as
low disturbance indicators. In addition, high abundances of larger
mobile invertebrates known to be extracted from rocky shores by
humans, such as black abalone and owl limpets, were considered
as possible indicators of low anthropogenic impact.

3.5. Physical environmental attributes used to categorize
communities

Experts focused mostly on three physical environmental vari-
ables to characterize community types: the degree of sand
influence, the degree of wave exposure, and the nature of the pri-
mary substratum (Table 11). Experts almost uniformly agreed that
the degree of sand influence was of critical importance in character-
izing natural disturbance levels on central and southern California
shores. The degree of wave exposure was  similarly identified as an
important parameter for characterizing central California sites but
was thought to be slightly less important for mainland southern
California, where wave exposure is generally significantly lower.
Primary bench type was  the most important of the six substratum
parameters for which information was provided. Of the physi-
cal environmental parameters, biogeographic affinity and latitude
were thought to be less useful in categorizing site communities.

Table 8
Southern California. Pairwise ES between rocky intertidal experts based on site community disturbance scores for trial 3. Red values –
similarities ≥80%; blue values – similarities ≤60%.
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Table  9
Importance of biological attributes used by rocky intertidal experts in making deter-
minations of community state. Lower values indicate greater importance. Reported
are means (±1 SD) based on the following scale: (1) provides critical information of
primary importance; (2) provides valuable information of importance; (3) provides
information of value; (4) provides information but used as a secondary factor; and
(5)  provides little if any information; of limited or no use. Data collected separately
for central and southern California rocky intertidal assessments but pooled because
of  consistency in results.

Biological attribute Mean response ±1 SD

Abundances of species groups or selected taxa 1.18 0.37
Overall cover patterns 1.71 0.64
Biological diversity 2.79 0.99
Community level analyses 3.07 1.27
Species distributions by tidal elevation 3.21 1.19

4. Discussion

Experts found judging the ecological states of rocky intertidal
communities to be challenging. Nevertheless, the final agreements
achieved for central and southern California rocky intertidal
macroorganism communities were within the range of those
obtained for comparable BPJ exercises performed on soft bottom,
benthic macroinfaunal assemblages (Borja et al., 2014; Dauvin
et al., 2012; Teixeira et al., 2010; Thompson et al., 2012; Weisberg
et al., 2008), where, in most cases, agreement was  reported to be
very good. Based on mean ES and the percentage of evaluated com-
munities with 100% or majority expert agreement (Table 12), our
BPJ results for central (e.g., mean ES = 75.4%) and southern (70.0%)

Fig. 1. MDS  plots of experts (indicated by letters A–N) based on ES calculated from
disturbance scores submitted for central California (a) and southern California (b).
Rocky intertidal communities. Plots display clustering overlays at 60% (red solid
lines) and 80% (blue dashed lines) similarity.

Table 10
Species and taxa frequently found by most rocky intertidal experts to be useful for
evaluating community state. High abundances of species and taxa believed to reflect
either high or low disturbance states.

High disturbance indicators Low disturbance indicators

Ulva spp.
Porphyra spp.

Rockweeds (e.g., Silvetia,
Hesperophycus,  Fucus, Pelvetiopsis spp.)

Benthic diatoms Owl limpets (Lottia gigantea)
Blue-green algae Black abalone (Haliotis cracherodii)
Crustose red and brown algae

(calcified and non-calcified)
Surfgrass (e.g., Phyllospadix spp.)

Small red turf-forming algae
(e.g., Polysiphonia, Ceramium
spp.)

Kelps and large brown seaweeds (e.g.,
Egregia menziesii, Laminaria spp.,
Eisenia arborea, Alaria spp.,
Stephanocystis spp.)

Non-native seaweeds (e.g.,
Sargassum muticum,
Caulacanthus okamurae)

Sand-influenced taxa (e.g.,
Anthopleura elegantissima,
Scytosiphon spp., Petalonia
spp., Neorhodomela larix,
Gymnogongrus linearis,
Phaeostrophion irregulare,
Codium setchellii, Laminaria
sinclairii)

Filamentous green algae (e.g.,
Chaetomorpha spp.,
Cladophora spp.)

California rocky shores were slightly lower than those found for
southern California (80.0%) and San Francisco Bay (82.1%) soft bot-
tom, polyhaline habitats (Weisberg et al., 2008), but slightly higher
than for tidal freshwater (63.9%) and mesohaline (65.0%) macroin-
faunal assemblages from the San Francisco Bay region (Thompson
et al., 2012). Agreement levels based on ES were very similar to cal-
culations from expert scores reported in separate BPJ exercises for
polyhaline macroinfaunal communities from the Mediterranean
Sea, North Atlantic, U.S. west and east coasts (69.4%; Teixeira et al.,
2010), the Mediterranean Sea and North Atlantic (77.0%; Dauvin
et al., 2012), and Chile (73.1%; Borja et al., 2014). Rocky intertidal
experts fared less well based on most comparisons of the percent-
age of cases where experts were in full or majority agreement
in their state evaluations (Table 12). However, comparisons of
expert agreement among BPJ exercises are difficult to make when

Table 11
Importance of physical attributes used to categorize rocky intertidal sites. Lower val-
ues  indicate greater importance. Reported are means (±1 SD) of expert responses
based on the following scale: (1) provides critical information of primary impor-
tance; (2) provides valuable information of importance; (3) provides information of
value; (4) provides information but used as a secondary factor; and (5) provides lit-
tle  if any information; of limited or no use. Data collected separately for central and
southern California rocky intertidal assessments but pooled because of consistency
in  results with the exception of the degree of wave exposure, which was considered
to  be more important in categorizing central California (mean response = 1.29) vs.
southern California (2.00) sites. Qualitative metrics (e.g., very low, low, moderate,
high, very high) were used for parameters indicated with an asterisk (*). Degree of
freshwater influence was assessed by providing source and proximity.

Physical attribute Mean response ±1  SD

*Degree of sand influence 1.18 0.37
*Degree of wave exposure 1.64 0.72
Primary substratum type (e.g., bedrock, boulders) 1.93 1.00
*Susceptibility to substratum breakout 2.36 0.82
*Substratum relief 2.54 0.93
Degree of freshwater influence 2.64 0.72
*Substratum character (degree of consolidation) 2.71 1.38
Substratum slope (degrees) 2.86 1.03
Substratum: geologic formation 2.93 1.33
Wave exposure (primary direction) 3.32 0.99
Site  biogeographic affinity 3.82 1.38
Site  latitude 3.96 1.31
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Table 12
Comparisons of expert evaluations for central and southern California rocky intertidal communities with published results for exercises for benthic macroinfauna performed
for  San Francisco Bay and southern California polyhaline (Weisberg et al., 2008), San Francisco Bay mesohaline, San Francisco Delta tidal freshwater (Thompson et al., 2012),
Mediterranean, North Atlantic, and US West and East coast polyhaline (Teixeira et al., 2010), Mediterranean and North Atlantic polyhaline (Dauvin et al., 2012), and Chilean
polyhaline (Borja et al., 2014) communities. ES calculations were executed using raw experts disturbance scores reported in each study.

Rocky intertidal macroorganismsSoft bottom benthic macroinfauna

Central
California,
USA (this
study)

Southern
California,
USA (this
study)

San
Francisco
Bay (poly-
haline),
USA

Southern
California
(polyha-
line),
USA

San
Francisco
Bay (meso-
haline),
USA

San Francisco
Delta (tidal
freshwater),
USA

Med. Sea,
No.
Atlantic, US
West and
East coasts

Med. Sea,
No. Atlantic

Chile

Metrics for experts, communities evaluated, expert comparisons, and scoring scales
No.  experts 14 13 9 9 8 7 16 4 12
No.  Communities

evaluated
12 11 11 24 20 20 48 124 12

No.  pairwise expert
comparisons

91 78 36 36 28 21 120 6 66

Disturbance scoring
scale

1–5 1–5 1–4 1–4 1–4 1–4 1–4 1–4 1–4

Expert agreement metrics
%  Communities with

100% expert
agreement

0 0 18.2 4.2 0 0 4.2 40.3 0

%  Communities with
majority agreement

41.7 9.0 100.0 100.0 45.0 85.0 62.5 81.5 75.0

Mean  ES (%) 75.4 70.0 82.1 80.0 65.0 63.9 69.4 77.0 73.1
Standard deviation 6.2 8.8 7.8 4.2 8.0 10.5 5.3 2.8 7.3
CV  (%) 8.3 12.6 9.6 5.3 12.2 16.5 7.7 3.6 10.0
Maximum ES (%) 89.8 92.5 100.0 88.0 78.9 81.7 80.8 81.1 86.4
Minimum ES (%) 57.3 48.9 73.4 71.4 47.8 44.7 58.6 73.2 60.3

the numbers of experts and communities evaluated, procedural
differences such as the scoring scale and number of evaluation
trials, and the approaches for determining agreement levels vary.

In contrast to rocky habitats (see Díez et al., 2012), greater
progress has been made in developing assessments of ecologi-
cal state for other environments. This is particularly true for soft
bottom benthic habitats, where much is known about macroin-
faunal species and community responses to anthropogenic stress.
For these communities, several indices of ecological state are now
being widely employed and attempts are being made to evalu-
ate their use over expanded geographic scales (e.g., Borja et al.,
2014; Dauvin et al., 2012; Teixeira et al., 2010, 2012). State evalua-
tions of rocky intertidal communities, however, present challenges
that often go beyond those for benthic macroinfaunal and many
other community types. These include the high spatial heterogene-
ity and site-to-site variability in natural environmental disturbance
regimes that characterize rocky shores and difficulties in the abil-
ity to consistently use globally applicable, biological signatures to
assign deviations from an expected natural state to anthropogenic
stressors. In addition, the characteristics of taxa and the sampling
protocols commonly employed to generate species abundance data
differ in significant ways for these community types.

It has long been recognized that spatial variation in rocky inter-
tidal communities is high due to environmental features such as
substratum characteristics, tidal position, and exposure to wave
energy, sand influence, and freshwater input. Climatic variabil-
ity and natural disturbances, for example from storm waves or
extreme low tide desiccation events, also can generate signifi-
cant temporal variation in community structure. This variability
requires experts to integrate small and large scale habitat features
together with spatial and temporal effects of multiple, frequent
natural disturbances in making state evaluations. Prior work has
acknowledged that spatial and temporal variability need to be
addressed and incorporated into index development for state
assessments of rocky shore communities, and that these sources
of variation make it difficult to differentiate natural commu-
nity dynamics from those caused by anthropogenic factors (e.g.,

Ballesteros et al., 2007; Echavirri et al., 2007; Orfanidis et al., 2001,
2003; Wells et al., 2007).

Spatial and temporal variation also create challenges in eval-
uating the states of soft bottom macroinfaunal communities even
though the biological signatures of common anthropogenic pertur-
bations (e.g., organic and other forms of sediment contamination)
are generally well known and differ from those driven by major
natural disturbances (Bilyard, 1987; Borja et al., 2003; Díaz and
Rosenberg, 1995; Díaz et al., 2004; Marques et al., 2009; Pearson
and Rosenberg, 1978; Pinto et al., 2009). Difficulties are most
strongly encountered in transitional or tidal freshwater and estua-
rine habitats characterized by small-scale environmental gradients
and a high frequency of natural disturbance (Dauvin, 2007; Elliott
and Quintino, 2007). For example, high spatial and temporal
variability were reported to be major sources of lower expert
agreement in BPJ exercises conducted on mesohaline and tidal
freshwater macroinfaunal communities (Thompson et al., 2012).
In fact, development of biologically based indices for estuar-
ies has lagged because of the confounding effects of multiple
natural environmental stressors (Elliott and Quintino, 2007). By
contrast, environmental conditions in soft bottom polyhaline habi-
tats are generally more stable and vary over larger spatial scales
(Ranasinghe et al., 2012) making common anthropogenic distur-
bances easier to detect. As a consequence, the low variation in
expert scores observed in BPJ evaluations of soft bottom, polyha-
line communities was attributed mostly to differences in views on
the relative importance of accepted biological indicators of anthro-
pogenic perturbation not the signatures themselves (Teixeira et al.,
2010; Weisberg et al., 2008). Nevertheless, the challenge of sep-
arating anthropogenic from natural disturbance was noted in a
BPJ exercise performed on polyhaline macroinfaunal communities
(Teixeira et al., 2010).

Species types and abundances provide the biological informa-
tion for determinations of community state. The types of species
used in our rocky shore BPJ exercise consisted of macroinver-
tebrates and macrophytes instead of the smaller, macroinfaunal
organisms commonly used in soft bottom assessments. Besides
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mostly being larger in size, these macroorganisms generally have
longer life spans, slower turnover rates, and their populations
often respond more slowly to disturbances compared with benthic
macroinfauna. Soft bottom macroinfauna are also more directly
exposed to sediment contamination and other anthropogenic
impacts and their distributions and abundances are known to be
strong indicators of responses to such environmental stressors (Bay
et al., 2007; Bilyard, 1987; Díaz et al., 2004). However, it is diffi-
cult to identify consistent biological indicators of anthropogenic
perturbation on rocky shores because there is high natural varia-
tion among sites in the abundances and even the presence of many
species (Foster, 1990; Zabin et al., 2012) and anthropogenic impacts
are added to the effects of fluctuating and often stressful natural
disturbances. In addition, the biological responses to many of these
perturbations are similar to naturally occurring stressors in rocky
intertidal habitats. Thus, it is difficult to distinguish anthropogenic
– driven from natural changes in community composition, partic-
ularly where the sources or types of anthropogenic perturbations
are unknown and their effects are not extreme.

Commonly used sampling procedures for generating and
analyzing community data also differ for rocky intertidal macroor-
ganisms and benthic macroinfauna. The macroinfaunal community
is usually characterized by data obtained from a single core sam-
ple whose contents are sorted and identified in the laboratory. By
contrast, rocky intertidal community data are generally derived
from multiple, field-identified samples distributed over a range of
tidal elevations, an approach that likely generates greater average
richness and more consistency in species content across multiple
sites. For example, the richness of benthic macroinfaunal commu-
nities for western North American polyhaline, mesohaline, and tidal
freshwater habitats averaged 30, 14, and 9 taxa and ranged from 1 to
73, 3–25, and 3–24, respectively (Thompson et al., 2012; Weisberg
et al., 2008). These values are very different from those for the
rocky intertidal communities examined in this study, where rich-
ness averaged 53 (central California) and 45 (southern California)
and ranged from 30 to 78 and 34–60 taxa, respectively. This is
important because macroinfaunal experts often used low commu-
nity richness as a strong indicator of anthropogenic impact in their
evaluations (Teixeira et al., 2010; Thompson et al., 2012; Weisberg
et al., 2008).

Differences in data collection also create differences in asso-
ciating biological with environmental variables between these
two community types. Structuring environmental parameters (e.g.,
grain size, depth, sediment contaminants) are strongly linked to
macroinfaunal species in core samples. However, on rocky shores,
key physical environmental variables (e.g., substratum character-
istics, wave action, sand influence) typically represent conditions
averaged over much coarser spatial scales and can be difficult to
associate with site-level species distributions and abundances.

Unlike the BPJ infaunal exercises, we did not complete rocky
intertidal state evaluations in a single trial. Rocky shore experts
remained uncomfortable in making their final state evaluations
after the first two BPJ trials because of differing interpretations
of the scoring system and difficulties in relating environmen-
tal to biological data. After learning the identities of the sites,
experts also expressed concern that sites subjected to high lev-
els of anthropogenic impact were poorly represented in the first
central California trial. As expected, small increases in the level
of expert agreement were reached from the first to the last trial,
likely due to changes in the evaluation scale and because more
information became available. In fact, the agreement achieved dur-
ing the first central California trial (ES = 63.5%) was  very similar
to those obtained for mesohaline (ES = 65.0%) and tidal freshwa-
ter (ES = 63.9%) benthic communities, agreement levels found at
the low end of the range of ES values calculated for soft bottom
macroinfaunal communities (Table 12). However, the increase in

expert agreement was less as was  the average agreement achieved
for southern California intertidal communities, most likely because
these occurred at sites exposed to greater geographic variation in
ocean conditions and many experts were less familiar with this
region.

Difficulties in achieving uniform understanding of the evalua-
tion scale are common in BPJ exercises (Bay et al., 2007). Because of
the high spatial and temporal variability of rocky shores, experts
wanted more information on site features before making final
determinations and sought changes in application of the dis-
turbance scale to incorporate site-to-site uniqueness in natural
disturbance regimes. As expected, the addition of urban south-
ern California sites added potentially anthropogenically disturbed
communities to our BPJ exercise. The range of anthropogenic
impacts represented by the rocky intertidal data sets, however,
was still limited compared to the ranges of conditions examined
in the macroinfaunal BPJ exercises (Borja et al., 2014; Dauvin et al.,
2012; Teixeira et al., 2010; Thompson et al., 2012; Weisberg et al.,
2008), where a wide range of contamination conditions were evalu-
ated. Less expert agreement is likely when assemblages are located
nearer the center of the disturbance scale and highly impacted com-
munities are under-represented (Borja et al., 2009; Teixeira et al.,
2010) as was the case in our rocky intertidal BPJ exercises.

Experts agreed that evaluations of the ecological states of rocky
intertidal and other spatially and temporally variable communities
are strongly challenged when judgments are based only on a single
snapshot in time because a single sampling point does not allow
evaluations to take into account recent, major natural disturbance
or recruitment events or to be made in the context of the range
of expected states for that site. The need to sample rocky shore
macroorganisms over multiple years to identify natural variation in
community dynamics has long been known (e.g., Southward, 1995).
A range of community structures is the norm for any site, and in
our exercise the goal was to capture deviation from an expected
ecological state regardless of whether driven by anthropogenic or
major natural disturbances.

Although there is high variation among rocky intertidal sites
in species abundances and even species presence (Foster, 1990,
Zabin et al., 2012), most experts relied on the abundances of cer-
tain species types in making their final evaluations, particularly
macrophytes with functional characteristics related to morphol-
ogy (sensu Littler and Littler, 1980) and sessile macroinvertebrates;
most experts placed less importance on mobile macroinvertebrates
such as littorine (Littorina spp.) snails, whose distributions and
abundances are often highly variable and difficult to interpret.
Interestingly, compared to macroalgae, macroinvertebrates have
not been widely employed in most efforts to develop tools that
identify the ecological states of rocky intertidal communities (but
see Díez et al., 2012).

Experts placed little importance on higher order macroalgal taxa
(e.g., red to brown or red to green ratios) but did identify smaller,
short-lived, morphologically simple macroalgae with fast growth
rates and high reproductive outputs (e.g., opportunists such as
Ulva spp. and small, red and green turf-forming and filamentous
algae) as possible indicators of recent or continuous disturbance.
By contrast, slower growing, longer-lived, and morphologically
complex rockweeds, lower-shore, large brown seaweeds, and surf
grasses were thought to be possible indicators of more stable,
less impacted communities. This is consistent with prior studies
that have demonstrated increases in the abundances of simple,
opportunistic seaweeds and declines in morphologically complex,
perennial brown seaweeds in response to anthropogenic distur-
bances (e.g., Benedetti-Cecchi et al., 2001; Díez et al., 2009; Eriksson
et al., 2002; Mangialajo et al., 2008; Wells et al., 2007).

Macrophyte types (functional groups; opportunistic species)
have been used in the past to characterize the ecological status
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of coastal communities (Littler and Littler, 1981, 1984; Murray and
Littler, 1984) and have been commonly employed in attempts to
develop an ecological evaluation index for rocky intertidal and
shallow subtidal communities (Ballesteros et al., 2007; Bermejo
et al., 2012; Díez et al., 2012; Guinda et al., 2008; Juanes et al.,
2008; Orfanidis et al., 2001, 2003; Panayotidis et al., 2004; Wells
et al., 2007). However, despite their usefulness in characterizing
rocky intertidal communities, abundances of macrophyte types
alone cannot always differentiate natural from anthropogenic dis-
turbance, especially where impacts are not severe. For example,
high abundances of Ulva spp. and other smaller, opportunistic algae
not only characterize sewage-impacted rocky shores (e.g., Littler
and Murray, 1975) but also shores disturbed by naturally occur-
ring sand (Airoldi, 2003; Littler et al., 1991; Murray and Bray,
1993) and boulder movements (Sousa, 1979, 1980). Large, conspic-
uous macroinvertebrates, such as owl limpets and black abalone
(Addessi, 1994; Keough et al., 1993; Miller and Lawrenz-Miller,
1993; Sagarin et al., 2006), and intertidal rockweeds (Bokn and Lein,
1978; Mangialajo et al., 2008; Oliveira and Qi, 2003; Rodriguez-
Prieto and Polo, 1996; Vogt and Schramm, 1991) are affected by
human activities; reduced abundances of these taxa were also con-
sidered by experts to be indicators of anthropogenic disturbance as
was the presence of non-indigenous species based on the premise
that disturbed habitats are more susceptible to invasion (Byers,
2002; Dukes and Mooney, 1999).

Abundances of environmentally sensitive and tolerant taxa
were identified as important criteria for detecting anthropogenic
disturbance in BPJ infaunal exercises (Borja et al., 2014; Dauvin
et al., 2012; Teixeira et al., 2010; Thompson et al., 2012; Weisberg
et al., 2008) and are regarded as strong indicators of commu-
nity state in soft bottom habitats (Borja et al., 2000; Dauvin,
2007; Muxika et al., 2005). Unfortunately, knowledge of tolerant
and sensitive indicator taxa is less developed for rocky inter-
tidal communities, and the reliability of using species sensitive to
environmental degradation to identify un-impacted sites is ques-
tionable (Scanlon et al., 2007; Wells et al., 2007). In rocky intertidal
habitats, where natural variation is high, and multiple and often
unknown stressors are the norm, there is no consensus on either
a universal disturbance paradigm or reliable, globally applicable
biological indicators of anthropogenic impact (see Murray et al.,
2006).

Managers are often asked to make ecological evaluations of
coastal communities that take into account the effects of multi-
ple natural and anthropogenic stressors. BPJ exercises can inform
such efforts by summarizing expert opinion on the states of ecolog-
ical communities over a wide range of available data, determining
the degree of expert consensus, helping to identify key biological
indicators, and by calibrating and evaluating index performance
where an accepted index exists (Borja et al., 2014; Dauvin et al.,
2012; Ranasinghe et al., 2008; Teixeira et al., 2010, 2012; Thompson
et al., 2012; Weisberg et al., 2008). In this BPJ exercise, rocky
intertidal experts found evaluations of ecological state to be diffi-
cult and challenging for the western North American communities
assessed. Nevertheless, the level of agreement achieved in evaluat-
ing the ecological states of these communities fell within the range
obtained for BPJ exercises performed on much better understood
macroinfaunal communities. This study underscores the difficul-
ties in distinguishing deviations from an expected natural state
on rocky shores working from “one-off” species abundance data
and coarse-grained physical site descriptions without information
on the sources and magnitudes of anthropogenic perturbation.
Such difficulties should be expected for rocky intertidal and other
habitats subjected to multiple disturbances, and high spatial and
temporal variation, particularly where biological responses to nat-
ural and anthropogenic stressors can be similar. Hence, if the goal
is to use BPJ exercises to identify anthropogenically impacted or

strongly disturbed sites for rocky shores, long-term data sets must
be available and expert opinions must be subjected to rigorous test-
ing to firmly establish consistent links between community states
and known anthropogenic stressors.
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