2018 Recovery Assessment and Long-term Monitoring of Reef Coral
Communities at Pilaʻa Reef, Kauaʻi
Ku‘ulei Rodgers
Yuko Stender
Angela Richards Dona
Anita Tsang
Ji-Hoon Justin Han
Andrew Graham
August 2019

PREPARED FOR
State of Hawai‘i
Department of Land and Natural Resources
Division of Aquatic Resources
1151 Punchbowl Street, Room 330
Honolulu, HI 96813-3088

Project Period 1 June 2018 – 31 July 2019
Principal Investigator: Ku‘ulei Rodgers Ph.D.
HAWAI‘I INSTITUTE OF MARINE BIOLOGY
Coral Reef Ecology Laboratory
University of Hawai‘i at Mānoa
Honolulu, Hawai‘i 96822

TABLE OF CONTENTS
Page
i
ii-iii
iv-v
vi-viii
ix-xiii

TITLE PAGE
TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES
EXECUTIVE SUMMARY
INTRODUCTION
Purpose
Pila‘a Reef Habitat
Current Surveys

1-4
1-2
2-3
3-4

METHODOLOGY
4-8
Monitoring Surveys
5-7
Kaua‘i Assessments of Habitat Utilization (KAHU) Survey Assess. Methodology...4-5
Coral Reef Assessment and Monitoring Program Long-term Sites
5
Algae and Octocoral Surveys
5-6
Coral Cores
6
Temperature Loggers
7
Statistical Analyses
7-8
Assessment Surveys
7
Fish Data
7-8
Benthic Data
8
Urchin/Sea Cucumber Data
8
RESULTS AND DISCUSSION
Fish Composition
Summary of Top Species
Pila‘a Overall
Pila‘a East and West Comparison
Summary of Top Families
Pila‘a Overall
Pila‘a East and West Comparison
Fish Trophic Levels
Pila‘a Overall
Pila‘a East and West Comparison
Endemic Status
Background History
Endemism at Pila‘a
Pila‘a East and West Comparison
Size Classes
Diversity and Evenness
Benthic Cover

8-59
8-11
11-15
11-12
12-15
15-16
15-16
16-17
17-23
17-21
21-23
23-26
23-24
24-25
26
26-28
29
29-34
ii

Pila‘a East and West Comparison
Pila‘a East
Pila‘a West
Urchins and Sea Cucumber Surveys
Sediment Composition and Grain-size
Coral Reef Assessment and Monitoring Program (CRAMP)
Algal and Octocoral Surveys
Temperature Data
Coral Core Evaluations
Qualitative Assessment of Changes due to Flood Events
2019 Research Activities
ACKNOWLEDGEMENTS

29-30
30-33
34
35-42
43-45
45-47
47-54
54-56
56-64
64
65
65

REFERENCES

66-70

iii

LIST OF TABLES
Page
Table 1. Summary of fish community factors showing increase in direction of arrow. Green
arrow indicates an increase and red arrow indicates a decrease in mean values................. xii
RESULTS
Table 2. Top ten fish species with the highest abundance (mean number of IND/m²) shown
in descending order along with their mean biomass (g/m²) and frequency of occurrence (%)
............................................................................................................................................. 12
Table 3. Top ten fish species with the greatest mean biomass shown in descending order
along with abundance (mean number of IND/m²) and frequency of occurrence (%) ......... 12
Table 4. Top ten fish species in East Pila‘a with the highest abundance (mean number of
IND/m²) shown in descending order along with mean biomass (g/m²) and frequency of
occurrence (%) .................................................................................................................... 13
Table 5. Top ten fish species in West Pila‘a with the highest abundance (mean number of
IND/m²) shown in descending order along with their biomass (g/m²) and frequency of
occurrence (%). ............................................................................................................……14
Table 6. Top ten fish species with the greatest mean biomass for Pilaʻa East shown in
descending order along with mean number of individuals (IND/m2) and frequency of
occurrence (%) .................................................................................................................... 14
Table 7. Top ten fish species with the greatest mean biomass in Pilaʻa West shown in
descending order along with abundance (mean number of IND/m2) and frequency of
occurrence (%) .................................................................................................................... 15
Table 8. Top ten fish families in East Pila‘a with the highest mean abundance and biomass
with standard deviations shown in descending order. ......................................................... 17
Table 9. Top ten fish families in West Pila‘a with the highest mean abundance and
biomass with standard deviations shown in descending order. ........................................... 17
Table 10. Mean biomass and numerical abundance by trophic level and their standard
deviations for East Pila‘a..................................................................................................... 23
Table 11. Mean biomass and numerical abundance by trophic level and their standard
deviations for West Pila‘a. .................................................................................................. 23
Table 12. Mean biomass (g/m²) and mean numbers of individuals (IND/m²) along with
standard deviations by endemic status ................................................................................ 25
Table 13. Endemism for Pila‘a East and West by biomass, abundance, and species ......... 26
Table 14. Diversity and Evenness in Pila‘a East, West and Overall by years (2017 &
2018).................................................................................................................................... 29
Table 15: Sea urchin and sea cucumber counts, day surveyed, habitat type, and depth by
station at Pila'a East and West ............................................................................................. 42
Table 16. Location of coral coring locations from Pila‘a collected in June 2017 and
revisited in June 2018. Coral growth parameters (average±SD) quantified by computerized
tomography (CT) for growth rate (cm yr-1), density (g/cm), and calcification rates (g
cm/yr), percent volume erosion (%) based on DeCarlo et al. 2015, and lifespan (years) ... 56
iv

LIST OF FIGURES
Page
INTRODUCTION
Figure 1. Grading of steep slopes and steam bed between 1993 and 2000 as documented
by
aerial photography (Jokiel et al. 2002). ............................................................................... 2
Figure 2. The general circulation and current patterns on the Pila‘a reef flat. Currents vary
in intensity with wave height and tidal fluctuations (Jokiel et. al 2002). ............................ 3
Figure 3. Map showing July (n=60) survey locations and temperature logger locations on
the
inner reef at Pila‘a, Kaua‘i. ................................................................................................. 4
METHODOLOGY
Figure 4. Sarcothelia edmonsoni, Asparagopsis taxiformis, and Chrysophyta algae survey
sectors at Pila‘a reef, Kaua‘i during July 2018. .................................................................. 5
RESULTS
Figure 5. Overall number fish species (left) and individual number of fishes (right)
reported from 2017 through 2019 in the east (E) and the west (W).................................... 9
Figure 6. Combined fish abundance by mean number of individuals/m2 at west and east
Pila‘a.................................................................................................................................... 10
Figure 7. Mean fish abundance and biomass at combined Pila‘a east and west transects. 11
Figure 8 a, b. Top ten fish species with the highest abundance (% of total) in East (n= 39)
and West (n= 21) Pila‘a. ...................................................................................................... 13
Figure 9 a, b. Top ten fish families with the highest mean abundance (IND/m²) and mean
biomass (g/m²) shown with standard deviations. ................................................................ 16
Figure 10. Mean number of individual fishes in 2016, 2017 and 2018 in East and West
Pila‘a. Trophic levels are abbreviated as follows: H=herbivores, INV=invertebrate feeders,
P=piscivores, Z=zooplanktivores. ....................................................................................... 18
Figure 11. Differences in mean number of fishes for each trophic level in 2016, 2017, and
2018 at East (E) and West (W) Pila‘a. ................................................................................ 19
Figure 12. Biomass of fishes in 2016, 2017 and 2018 in East and West Pila‘a. Trophic
levels are abbreviated as follows: H=herbivores, INV=invertebrate feeders, P=piscivores,
Z=zooplanktivores. .............................................................................................................. 20
Figure 13a, b. (a) Mean abundance (% of total) and (b) Mean biomass (% of total) by
trophic level in Pila‘a overall. ............................................................................................. 21
Figure 14 a, b. Mean abundance (% of total) by trophic level for Pila‘a East (a) and West
(b). ....................................................................................................................................... 22
Figure 15 a,b. Mean biomass (% of total) by trophic level for Pila‘a East (a) and West (b).
............................................................................................................................................. 22
Figure 16. Fish biomass by endemic status in East and West Pila‘a for endemic (E),
indigenous (I), and introduced (X) species from 2016 through 2018. ................................ 25
Figure 17. Differences in the number of fishes in each size class in 2016, 2017 and 2018 in
the East and the West. Size classes: A=<5cm, B=5-15cm, C=>15cm. ............................... 27
Figure 18. Fish size classes for Pila‘a overall by biomass (% of total) and abundance
v

(% of total) .......................................................................................................................... 28
Figure 19a, b. Fish size classes by biomass (% of total) and abundance (% of total) for
East and West. ..................................................................................................................... 28
Figure 20. East and West Pila‘a mean coral cover from 2016-2018. ................................. 30
Figure 21. Bleached corals as a percent of total coral cover for East and West Pila‘a from
2016-2018............................................................................................................................ 30
Figure 22. Pila‘a East benthic composition from 2016-2018. Percentages are shown for
Porifera (sponges) in the category invertebrates, Chrysophyta (algae), and S. edmonsoni
(coral). ................................................................................................................................. 31
Figure 23. Pila‘a west invertebrate composition (% of total) for Palythoa, E. aciculatus,
and sea cucumbers from 2016-2018.................................................................................... 32
Figure 24. Benthic cover percentages at East Pila‘a in 2018. ............................................ 33
Figure 25. Benthic cover percentages at West Pila‘a in 2018. ........................................... 34
Fig. 26. Total number of individual sea urchins on the E and W Pila‘a reef flat from 2016
through 2018. ...................................................................................................................... 37
Figure 27. Overall Pila'a urchin composition in percent of total. ....................................... 38
Figure 28. East Pila'a urchin composition in percent of total. ............................................ 38
Figure 29. West Pila'a urchin composition in percent of total. .......................................... 39
Figure 30. Overall Pila‘a sea cucumber composition in percent of total. .......................... 40
Figure 31. East Pila'a sea cucumber composition in percent of total. ................................ 41
Figure 32. West Pila'a sea cucumber composition in percent of total. ............................... 41
Figure 33. The Hawai‘i Coral Reef Assessment and Monitoring Program’s permanent
network of sites throughout the main Hawaiian Islands. Directions of arrows show increase
or decrease in coral cover since 1999. The size of the arrow is related to the size of the
change in coral cover. The solid arrow indicates statistical significance, while hollow
arrows are sites that have non-significant changes. The most recent Pila‘a site was
established in 2017. ............................................................................................................. 44
Figure 34. Asparagopsis taxiformis found in large quantities on the Pila’a reef flat in May
2018 shows the seasonality of this alga.. ............................................................................ 45
Figure 35. Asparagopsis taxiformis found in large quantities on the Pila’a reef flat in May
2018 shows the seasonality of this alga.. ............................................................................ 49
Figure 36. Sarcothelia edmonsoni, Asparagopsis taxiformis, and Chrysophyta algae
surveys abundance and distribution at Pila‘a reef, Kaua‘i during July 2018. ..................... 50
Figure 37. The Golden-brown Chrysophyta algae was abundant in East Pila‘a, Kaua‘i. . 51
Figure 38. Sarcothelia edmonsonii, an octocoral endemic to the Hawaiian Islands. ......... 52
Figure 39. Brown and blue/purple color morphologies of Sarcothelia edmonsonii found at
Pila‘a reef, Kaua‘i .............................................................................................................. 54
Figure 40. Onset Pro v2 water temperature data logger placed at eight locations on the
inner reef flat at Pila‘a, Kaua‘i in August 2018. ................................................................. 55
Figure 41. One of a few coral colonies showing signs of bleaching stress on the West reef
flat…51
Figure 42. Coral coring using submersible pneumatic hand-held drill, 2” diameter cores
were collected from coral heads with minimal disturbance to the coral. ............................ 57
Figure 43. Computerized tomography (CT) scans of upper 20 cm of coral skeletal growth
of Pila 4 collected from the control site b. Location of low-density bands (white bands)
vi

used for developing coral chronologies according using coralCT (DeCarlo and Cohen
2015). Variability in density is measured in “Hounsfield Units” (HU) and typically varies
annually as a function of seasonal (e.g., Weber et al. 1975). .............................................. 58
Figure 44. Computerized tomography (CT) scans of Pila‘a coral cores collected in the
eastern reef area impacted by sediment (a. Pila 1, b. Pila 2, c. Pila 6, and d. Pila 7) and in
the unimpacted region to the west (e. Pila 4C and f. Pila 5C). The CT scan images were
used to calculate the proportion of the skeleton eroded by boring organisms (Barkley et al.,
2015; DeCarlo et al., 2015) with percent volume erosion (%). .......................................... 59
Figure 45. Map of coral colonies sampled in June 2017 and reassessed in June 2018 to
determine growth, density, calcification, erosion, and lifespan differences between reef
impacted by sedimentation and an adjacent unimpacted site. Size of graduation bubbles
relate to
colony size ........................................................................................................................... 61
Figure 46. Porites lutea colony #1 located on the east reef flat where sediment impact
occurred in early 2000’s. Left panel shows large colony scale while panel on the right
focuses on the coral core condition (overgrowth and size). ................................................ 62
Figure 47. Porites compressa colony #2 located on the east reef flat where sediment
impact occurred in early 2000’s. Left panel shows large colony scale while panel on the
right focuses on the coral core condition (overgrowth and size) of two adjacent cores. .... 62
Figure 48. Porites lobata colony #4 located on the west reef flat where no sediment
impact occurred. Left panel shows large colony scale while panel on the right focuses on
the coral core condition (overgrowth and size). .................................................................. 63
Figure 49. Porites lobata colony #5 located on the west reef flat where sediment no
impact occurred. Left panel shows large colony scale while panel on the right focuses on
the coral core condition (overgrowth and size). .................................................................. 63
Figure 50. Porites lobata colony #6 located on the east reef flat where sediment impact
occurred in early 2000’s. Left panel shows large colony scale while panel on the right
focuses on the coral core condition (overgrowth and size). ................................................ 64
Figure 51. Porites compressa colony #7 located on the east reef flat where sediment
impact occurred in early 2000’s. Left panel shows large colony scale while panel on the
right focuses on the coral core condition (overgrowth and size). ....................................... 64

vii

EXECUTIVE SUMMARY
Extensive sedimentation from over a decade of grading in the Pila‘a, Kaua‘i watershed and
severe mudslides in 2001 resulted in high coral mortality in the sector east of the main channel,
which bisects the reef flat. Meteorological data documenting several major flood events, and reef
condition was assessed in 2002 and 2004. The western reef was impacted by storm surf between
surveys in early 2004 but was not affected by any anthropogenic impacts and thus serves as a
reference site, allowing a time series to assess temporal reef recovery and community condition.
In August 2016, a joint collaboration between the University of Hawai‘i’s (UH) Hawai‘i Institute
of Marine Biology (HIMB) Coral Reef Ecology Lab/Coral Reef Assessment and Monitoring
Program (CRAMP), and the State of Hawai‘i’s Department of Land and Natural Resources
(DLNR) Division of Aquatic Resources (DAR) conducted Kaua‘i Assessment of Habitat
Utilization (KAHU) surveys of marine populations to establish baselines and determine future
changes. To assess system recovery, sediment samples were analyzed for grain-size and
composition and compared with sediment samples collected in 2002, following the major flood
event. Annual KAHU surveys were continued in 2017 and 2018. In addition, assessment surveys
conducted in 2002/2004 were resurveyed in 2017 and coral cores evaluated for a historical
sediment signature.
Coral recovery in the 15-year period following the impact of sedimentation is clearly evident at
Pila‘a. Coral survey comparisons across years show an increase in number of species, size
frequency, condition, and recruitment. Along with the number of colonies at the impacted sites
that has increased over five-fold since 2002, the mean number of species has also significantly
increased. In addition, percentages of dead and dying corals in 2002 (54.2%) were considerably
higher than in 2017 (3.7%). Mean live coral cover, which was significantly different between the
control and impacted sites in 2002, did not differ statistically in 2017 indicating recovery in the
impacted zone.
A statistically significant trend of increasing fish abundance and biomass has been shown since
2016, however, no differences were found between 2017 and 2018. Overall in 2018, 71 species
of fishes from 22 families were quantified from the 60 transects. All parameters measured
displayed a wide range, therefore exhibiting considerable variability as is inherent in fish
surveys. There was no statistical difference of overall abundance found between years. However,
similar to last year’s results, higher abundance was reported in the West, where spatial
complexity is higher, as compared to the East (p=0.002). More species of fishes were also found
in the West than in the East (p=0.004) with similar numbers between 2017 and 2018. No
statistical difference was found in the mean biomass between sectors or years. No significant
difference was detected for fish diversity between years and a marginal difference between
sectors (p=0.05).
Thalassoma duperrey (hīnālea lauwili), the Saddle wrasse was the most abundant fish in Pila‘a
with 98% frequency of occurrence on all surveyed transects. This was followed by Acanthurus
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triostegus (manini), the Convict tang, and Plectroglyphidodon imparipenis, the Brighteye
damselfish, both recorded on 87% of transects. This pattern of the three most abundant species in
Pila‘a is identical to the previous 2017 survey.
Of the top ten species in biomass, Acanthurus nigrofuscus (māi‘i‘i), the Brown surgeonfish
ranked at the top (2.29 g/m²) followed by Kyphosus species (nenue), (2.09 g/m²) and A.
triostegus (manini) with 1.53 g/m². In comparison to the previous year’s survey, seven out of ten
species overlapped.
Fish abundance and biomass varied significantly by trophic levels (p<0.001). The average
abundance of invertebrate feeders was significantly greater than herbivores, piscivores, or
zooplanktivores. Although there was no statistical difference between the East and the West, for
herbivorous fishes, there were more herbivores in 2018 than in the previous year (p=0.04).
Invertebrate feeders were more abundant in the West (p<0.001) with no statistical difference
between years. In contrast, the number of piscivores (p=0.001) and zooplanktivores (p=0.006)
was greater in the East. There was no significance between years for piscivores and a significant
difference for zooplanktivores (p=0.03).
While the overall trophic composition for abundance has been shifting from invertebrate feeders
to herbivores fishes since 2016, both East and West Pila‘a are still dominated by invertebrate
feeders. Piscivores comprised only 1.2% of the abundance in the East and 0.7% in the West. The
largest difference when comparing to 2017, is the decrease in piscivores and zooplanktivores
with an associated increase in invertebrate feeders and herbivores. This rapid change associated
with growth when low fishing pressure and ample resources are available may be associated with
the 2018 freshwater flooding event in April which brought additional nutrients onto the reef flat.
Mean biomass in West Pila‘a also saw a complete shift in dominance. In 2017, invertebrate
feeders dominated (59%) while recent surveys show herbivore dominance (70%). This large
increase in herbivorous fish biomass is linked to the recent appearance of Kyphosus (nenue)
species in the West. 2018 was the first year this large herbivore was observed in the West.
Overall, the average number and biomass of endemic fishes varied statistically (p=0.001) from
other trophic levels, with no significant difference between years. Both the East and the West
show endemic fishes having higher abundances than indigenous (p<0.001) and introduced
(p<0.001) fishes, while biomass of indigenous fishes was greater than other trophic levels. Fish
abundance varied significantly between East and West sectors with lower abundance of
introduced fishes in the West (p=0.0005) and greater biomass of endemic and introduced fishes
in the East (p=0.05, p=0.04 respectively)
Fish abundance and biomass varied by size (p<0.001). As in 2017, the mid-size class (5-15 cm)
was more abundant (p<0.001) than the small or large size classes. Abundance of fishes in the
largest size class was less in the West (p=0.005) than in East. For biomass, an identical pattern
emerged in fish size categories in 2018 as in previous years with highest biomass occurring in
the largest category (>15 cm) and the greatest abundance of fishes in the middle category (5-15
cm). Both East and West Pila‘a show notable changes between years. The abundance of the
smallest size class increased from 26.1% in 2017 to 59.6% in 2018, while the mid-size class
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decreased from 68.7% to 36.9%. This shift in size-class from mid-size to smaller bodied fishes is
mainly due to a more than double increase in T. duperrey (hīnālea lauwili) abundance in 2018.
The majority of fish biomass (64%) in the 15 cm or greater size range was mainly contributed by
Acanthurids (45% of total biomass). A similar pattern toward smaller size fishes was also
reported at Hā‘ena where similar flooding occurred in April of 2018.
Coral cover from the 60 KAHU transects continues to be higher in the unimpacted West (3.8%)
than in the East (2.0%). Bleaching was also more persistent in the East, with 20% of coral cover
identified as bleached while the West reported only 12%. This is similar to the 2018 Hā‘ena
surveys. The octocoral Sarcothelia edmonsoni was the most dominant coral species in the East,
while it was completely absent on transects in the West. This is an indication of changes in
environmental conditions. This was confirmed on the comprehensive surveys of this species.
While no widespread coral bleaching occurred statewide, bleaching was highly visible on the
shallow reef flat at Pila‘a nearly exclusively for the Montipora genus. On the DAR/CRAMP sites
in the east at 1 m, 16.5% of corals were bleached while the west 2 m site 10.0% bleaching
occurred. M. capitata had a higher percentage of bleached corals (average 9.9%) than M. patula
(1.8%). Mean coral cover at the DAR/CRAMP sites in the East station in 2018 was 1.9%,
slightly higher than last year (1.7%) but was not statistically different. Coral cover on the 10
transects in the east ranged from 0.19 to 4.57%. The west station had significantly higher coral
cover than the East (5.0%) ranging from 3.09-8.95%. Coral cover in the West in 2017 was
slightly higher (5.7%) than in 2018 (5.0). Porites compressa, M. patula, and M. capitata were
the dominant corals at both stations.
Sediment collections occurred in 2016, 2017, and 2018. However, the 2017 collections were
specific to the two DAR/CRAMP sites to determine a baseline. The 2016 and 2018 sediment
collections were prior to and following the large flood event. These are compared to the initial
collections in 2002 following the first documented sediment event. The silt/clay fraction in both
the East (10.1%) and West (8.9%) have significantly increased since 2016 (1.2% and 0.6%
respectively) and is more comparable to the 2002 major flood event that devastated the East reef
flat (14.8%). This is indicative of the extensive flood event in April of 2018.
In 2018 at the 60 stations surveyed, there were only 53.5% of the urchins (1,484) surveyed the
previous year in 2017 where 51 transects were surveyed (2,356). 2018 was more similar to the
2016 baseline of 1,290. This urchin crash is likely due to the freshwater flood event in April
2018. At Hanalei, rainfall of 50” was recorded for a 24-hour period. Extrapolating 2014
Kāne‘ohe Bay calculations to the 2018 North Kaua‘i flooding, an estimate of the depth of the
freshwater lens (141 cm or 4.6’) and the depth of possible impact (34.4 feet or 10.5 m) was made
using the rainfall, tidal changes, freshwater depth, and zone of impact data. Since the shallow
reef flat at Pila‘a does not exceed 3 m this provides strong evidence of urchin decline due to the
freshwater flooding event that impacted this region.
Comprehensive species surveys in 2018 were conducted for the algae, Asparagopsis taxiformis
(limu kohu) and Chrysophyta. Low amounts of A. taxiformis were found in the summer surveys
or in a follow-up survey in spring 2019. Chrysophyta was found in abundance in the East sector
only. However, community images show high abundance of A. taxiformis in May 2019 on the
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outer edge of the reef flat. The blue octocoral, Sarcothelia edmonsoni increased substantially
since 2017 which may be an indication of increased freshwater or nutrients.
Coral cores taken in 2017 were relocated and assessed for condition. All seven plugs were intact
and coral growth was reported along the margins in all but one plug.
A cursory assessment of sediment deposition following the flood event was conducted. Regions
near stream input and nearshore areas contained considerably more sediment than sections
farther from stream mouths. No sediment film was detected on coral colonies. Corals of the
genus Montipora showed signs of extensive bleaching. This is likely attributed to large levels of
freshwater input where less dense freshwater floating on seawater contacts corals at low tide.
Anecdotally, the stream mouth and banks on the west side were considerably deeper than the
previous year.
Summary
● Urchin populations significantly declined since 2017 most likely due to the freshwater
flood event in April 2018.
● Significant coral bleaching was observed in 2018 probably due to the large freshwater
input.
● In 2018, the octocoral, Sarchothelia edmonsoni was widespread in the East, an indication
of environmental change.
● An increase in fish abundance and biomass has occurred since baseline surveys in 2016,
however, no statistical differences were found between 2017 and 2018 (Table 1).
● Fish abundance were higher in the West than in the East with no statistical differences
found in biomass between sectors.
● The DAR/CRAMP long-term monitoring site found coral cover did not change
considerably from 2017 to 2018.
● Sediment silt/clay has increased substantially since 2016 as a result of the April 2018
flood event.
● Coral core plugs were all intact with coral growth along many of the margins.
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Table 1. Summary of fish community factors showing increase in direction of arrow. Green arrow
indicates an increase and red arrow indicates a decrease in mean values.
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INTRODUCTION
Purpose
University of Hawai‘i’s (UH) Hawai‘i Institute of Marine Biology (HIMB) Coral Reef Ecology
Lab/Coral Reef Assessment and Monitoring Program (CRAMP) (http//:cramp.wcc.hawaii.edu)
working in conjunction with the State of Hawai‘i’s Department of Land and Natural Resources
(DLNR) Division of Aquatic Resources (DAR) have partnered to evaluate the recovery of the
Pila‘a reef, determine historical sedimentation, set up a permanent system of monitoring stations,
and document future changes. CRAMP was developed in 1998 to understand the natural and
anthropogenic factors that control the structure and function of Hawaiian reefs and document the
spatial and temporal changes impacting them. CRAMP has conducted investigations that have
been valuable to the management of Hawai‘i’s reefs in areas subjected to severe sediment stress
at reefs in South Moloka‘i (Rodgers et al. 2005, Jokiel et al. 2014), Kaho‘olawe (Jokiel et al.
2004), NE Lana‘i (Rodgers 2005), West Hawai‘i (Rodgers et al. 2004) and at Pearl Harbor,
O‘ahu (Coles et al. 2011). The long-term monitoring on the islands of Maui, Kaua‘i and select
O‘ahu sites are monitored by DAR and referred to as DAR/CRAMP sites.
Pila‘a reef has had a history of sedimentation caused by extensive grading on the western
slope of the Pila‘a stream valley beginning in the mid-1990s (Fig. 1). A series of major flood
events occurred in 1994 and 1997. Subsequent massive mudslides resulting from a heavy rain
event in late 2001 deposited large amounts of sediment on the nearshore reef on the eastern side.
Evidence of the damage to the reef was investigated by specialists from several areas of expertise
(CRAMP, DAR, UH Geology, and UH Kewalo). Extensive impact to the ecosystem was
confirmed and legally validated on 14 February 2014 by the Hawai‘i State Supreme Court
following several appeals. The ruling in favor of the Department of Land and Natural Resources
has provided the opportunity to monitor the rate of reef recovery and document any future
changes at the Pila‘a nearshore reef flat.
In 2004, CRAMP returned to assess short-term recovery. We found that large wave events
created flushing that removed much of the sediment from the nearshore reef and new coral
recruits had begun to recolonize the substrate on the East side. However, the reference site on the
West side showed a marked decline in coral cover of 60% from 2002 to 2004 (Jokiel & Brown
2004). The extensive coral damage and rubble found at the control site was attributed to the
occurrence of a large storm surf event in November 2003 which did not impact the more
protected East side with its shallower and wider reef crest. Reefs can recover from these acute
stressors such as this storm event faster than from chronic impacts such as the extended sediment
insult on the East side (Connell et al. 1997). Documentation of further recovery including coral
core samples, biological surveys, and measurement of physical parameters has provided insight
to marine managers on the efficacy of remedial actions (i.e.: stream/reef restoration) and rate of
recovery of biological organisms.
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Figure 1. Grading of steep slopes and steam bed between 1993 and 2000 as documented by
aerial photography (Jokiel et al. 2002).

Pila‘a Reef Habitat
The reef at Pila‘a is a valuable resource for the island of Kaua‘i since it is one of the few areas on
the north shore that has a wave protected, extensive, shallow reef flat that is capable of
supporting a diversity of marine organisms. The north shore of Kaua‘i is typified by high wave
energy. Offshore in deeper waters the spatial complexity is diverse. The seaward slope of the
ridge forms the fore reef, which has high surf throughout much of the year. Coral cover is sparse
in the fore reef due to the continual wave energy. However, a shallow ridge along the margin of
Pila‘a shields the nearshore reef flat from high-energy swells. The major channel that bisects the
reef flat has a depth ranging from between 9-15 meters (m) at the outer edge of the reef flat.
Several shallower channels (1-2 m depth) help to increase circulation. The general circulation
patterns show incoming water flowing over the reef flat and exiting through the main channel
(Jokiel et al. 2002) (Fig. 2). Incoming water from the open ocean flushes the reef flat creating an
environment that is advantageous to the marine biota. This reef flat supports higher coral
diversity than the outer reef with 16 species reported in 2002 (Jokiel et al., 2002). Deeper
depressions are dispersed on the reef flat and shallow algal habitat that can otherwise be exposed
at extreme low tides create a significant shelter for juvenile and herbivorous fishes. Within this
idyllic reef environment, the western end of the reef flat was selected as the control site to serve
as a reference area for the sediment impacted area because conditions and topography are
relatively similar.
2

Figure 2. The general circulation and current patterns on the Pila‘a reef flat. Currents vary in intensity
with wave height and tidal fluctuations (Jokiel et. al 2002).

Current Surveys
On 11-15 July 2018, rapid assessments of the inner Pila‘a reef were conducted by the University
of Hawai‘i’s HIMB Coral Reef Ecology Lab/CRAMP (Fig. 3). Access was granted by Sean
Smith, land manager at Pilaʻa. All surveys were conducted on snorkel on the shallow reef flat.
All surveys were noninvasive and did not impact the biological communities.
Three teams consisting of a fish and a benthic surveyor completed 60 Kauaʻi Assessment of
Habitat Utilization surveys (KAHUs) on the shallow reef flat on the west and east sides of the
channel. Surveyors quantified fish populations by recording abundance, species, and size in total
length to characterize fish numbers, biomass, diversity, richness, feeding guild, and endemism.
Digital photos of the reef substrate were analyzed in the lab for benthic composition and
diversity of corals, algae, and macroinvertebrates.
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Figure 3. Map showing July (n=60) survey locations and temperature logger locations on the inner reef at
Pila‘a, Kaua‘i.

METHODOLOGY
Monitoring Surveys
Kaua‘i Assessments of Habitat Utilization (KAHU) Survey Assessment Methodology
Transects within each site are randomly selected by generating 100 random points onto habitat
maps using ArcGIS10. NOAA habitat basemaps are used to stratify the site by depth and habitat.
To assure adequate coverage of different habitats and full spatial representation of each site, a
stratified design is employed. Points are stratified on hard bottom habitat on the reef flat. In the
field, each team navigates to a stratified random waypoint imported into a Garmin GPSmap 78S
or similar GPS unit. If predetermined points present hazardous conditions or are outside the
habitat or depth range, transects are haphazardly placed within a 100-meter radius of the original
GPS point and a new coordinate is recorded. Once the transect is located, the following
methodology is employed.
Survey methodology is based on the Fisheries Ecology Research Laboratory’s Fish Habitat
Utilization Surveys (FHUS) also used by Maui DAR. There are two members on a survey team
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consisting of a fish and benthic surveyor. The bearing is predetermined by a random number
generator (0°, 90°, 180°, 270°). If the bearing does not allow divers to stay on a hard bottom
substrate, they rotate clockwise to the next appropriate bearing until they are able to stay on hard
bottom for the entire transect, providing the depth remains fairly constant. The fish surveyor
spools the 25 m transect line out, while recording, species, size (TL in centimeter [cm]) and the
number of individual fishes to 2.5 m on each side of the transect line (5 m width). To allow for
larger, fast moving fishes, a minimum observation time of 10 minutes is required per transect.
The benthic surveyor adjusts the white balance setting on the digital camera and completes the
metadata on the survey identification datasheet. To avoid interference or alter fish behavior, the
benthic diver waits until the fish surveyor is 5 m along the line before taking four digital pans of
the seascape, with an approximate 60 (benthic habitat)/40 (water column) split, in the cardinal
directions (N, W, E, S) to get an overview of the station and the habitat. A photo of the station
number is taken from the slate. Benthic photos are then taken on the shoreward side of the
transect at every meter along the 25 m line keeping the monopod perpendicular to the bottom to
avoid parallax. The benthic diver counts all urchin species in a 1 m wide belt, on the same side
photos are taken. Urchins may be counted concurrently with the benthic photos as the benthic
diver follows the fish diver or may be counted on the return back to the start position. Once the
fish surveyor reaches the end of the line, replicate sediment samples are collected at two
locations in close proximity to the line. The fish diver reels in the line and the survey is
complete. All survey methods are non-invasive and do not disturb any of the biota.
Surveys were conducted from 11-5 July, 2018. A total of 60 transects were completed. All
previous year surveys have been conducted in the summer months from June-August. To address
seasonal variability, transects conducted in June 2017 were compared with those conducted in
August 2017. Data analyses show no significant difference for fish community factors based on
statistical analyses of abundance, biomass, species number and composition conducted on the
Hā‘ena fish dataset. All fish composition factors were well within the range of variability and did
not vary significantly. For details see DAR report: 2017 Long-term Monitoring and Assessment
of the Hā‘ena, Kaua‘i Community Based Subsistence Fishing Area.
Coral Reef Assessment and Monitoring Program Long-term Sites
The Pila‘a site established in 2017 is the latest of the network of 64 sites throughout the main
Hawaiian Islands. Monitoring methodology is described in detail in Jokiel et al. 2003 and Brown
et al. 2004.
Algae and Octocoral Surveys
The Pila‘a reef flat was divided into approximately 0.01 km² (10,000 m²) sectors using ArcGIS
ArcMap 10.3.1. Eight sectors encompassed the West reef flat and 13 sectors covered the East
reef flat (Fig. 4). To provide an accurate representation of the population, sectors in both the
seaward and landward sections were surveyed. A survey strip was included to allow coverage of
the high energy zone anecdotally reported to contain higher abundances of the algae
Asparagopsis taxiformis (C. Andrade 2018). A pair of surveyors swam the area recording
frequency of Sarcothelia edmonsoni (Blue octocoral), A. taxiformis (limu kohu), and an
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unidentified golden-brown Chrysophyta algae. Species selection criteria was based on species
abundance associations to freshwater (Chrysophyta), pollution (S. edmonsoni), and abundance
shifts from historical accounts (A. taxiformis). Using a compass to aid in navigation and
direction, boundaries of sectors were located and marked with buoys. To assure full area
coverage within each sector and track routes, a Garmin GPSmap 78sc was employed. The outer
reef edges of both east and west divisions were also surveyed. Species, size, and counts were
recorded in a one-meter wide belt, with one surveyor on each side of the transect. Species
occurrence (present, abundant, absent) and tracking times were noted in areas that were difficult
to survey because of high abundance and/or wide distribution. Tracking routes along with
species data were plotted in ArcGIS ArcMap 10.3.1. Percent cover was estimated from size data
for sectors lacking tracking information.

Figure 4. Sarcothelia edmonsoni, Asparagopsis taxiformis, and Chrysophyta algae survey sectors at
Pila‘a reef, Kaua‘i during July 2018.

Coral Cores
Coral colonies cored in 2017 for historical growth and impact information were relocated using a
Garmin GPSmap 78sc.
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Temperature loggers
Onset water temperature Pro v2 loggers were placed in the reef flat at Pila‘a. For relocation
purposes, wire leader is attached to a small 10 cm float extending approximately 20 cm from the
end of a 3/16” stainless steel pin with a cable tie securing each temperature gauge. GPS
coordinates were documented for each location using a Garmin GPSmap 78sc. Location
selection criteria and spatial distribution were based on depth, coverage, and transect location to
allow full spatial representation of the reef flat and to correlate with fish and benthic data.
Gauges record temperature at 30-min. intervals throughout the deployment period. Data is
downloaded using Onset HOBOware version 3.7.12.
Statistical Analyses
Assessment Surveys
The statistical computing programs, R (version 3.3.1), the integrated development environment,
RStudio Desktop (version 1.0.136), and PRIMER 5.0 were used to conduct the analyses.
Fish data
Abundance: Square-root transformation was applied to the number of individual fish. A twoway ANOVA was conducted following the transformation and assessing the normality and equal
variance (Levene’s test, p = 0.89) of the distribution.
Biomass: A non-paramentric Kruskal-Wallis rank sum test was conducted as variance
heterogeneity was significant (Levene’s test, p=0.02) although the distribution was
approximately normal following log-transformation.
Trophic Levels (abundance) and Size classes
A generalized linear model (GLM) was applied on the original fish count data incorporating the
non-gaussian, negative binomial distribution. The best GLM with negative binomial distribution
was selected by comparing values of the Akaike information criterion (AIC) and the
overdispersion index. AIC is a measure of the quality of each model to assist in model selection
and the overdispersion index and used for interpretation.
Endemic status and Trophic Levels (biomass)
A Kruskal-Wallis rank sum tests were performed on each subset of trophic level data. Nonparametric tests were followed by Dunn’s post-hoc multiple pair-wise comparisons if statistically
significant. Transformed response values did not meet the assumptions for using parametric
approaches. Negative values produced by transformations also prevented use of parametric
approaches.
Diversity: A two-way ANOVA was conducted on untransformed data following the assessment
of a reasonable normal distribution and equal variance (Levene’s test, p=0.16).
Shannon Weiner diversity index (Shannon and Weaver 1963) considers both the number of
species and the distribution of individuals among species. The Shannon Weiner diversity was
calculated by using the following formula where S is the total number of species and pi is the
relative cover of ith species:
𝑆

𝐻′ = ∑
𝑖=1
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𝑝𝑖 𝑙𝑛𝑝𝑖

Buzas and Gibson’s evenness (Harper 1999) was measured using E = eH/S to measure the
evenness of fishes. S is the total number of species and Pi is the relative cover of ith species.
Evenness: The heterogeneity variance was marginally significant (Levene’s test, p=0.06). Thus,
a non-paramentric Kruskal-Wallis rank sum test was conducted.
Benthic data
The response variable was total live coral cover with the predictors years, sites, and interaction.
Proportion of coral cover was transformed by applying arcsine to its square-root values.
Transformed data showed slightly skewed distribution but variance was homogeneous (Leven’s
test). Both a general linear model and a non-parametric Kruskal-Wallis rank sum test were run to
determine agreement of statistical results.
Non-metric multi-dimensional scaling was used for the biological data of benthos to visualize
and interpret dissimilarity in multiple benthic communities. Benthic data were square-root
transformed, and Bray-Curtis index was calculated for constructing distance matrices.
Permutational multivariate analysis of variance (PerMANOVA, Anderson 2001) was performed
to determine the different sampling years and sectors to explain a variation in composition of
benthic organisms. Post-hoc analyses included an analysis of similarity (ANOSIM, Clarke 1993)
and similarity percentage analysis (SIMPER) to investigate which pair-wise comparisons were
likely influencing the overall effect of year and sector on the dissimilarity of species
composition.
Urchin/Sea cucumber data
A general linear model (GLM) was applied to the total number of sea urchins as count data,
incorporating the non-gaussian, negative binomial distribution. The GLM with negative binomial
distribution was selected by comparing values of AIC ad the overdispersion index.
RESULTS
Monitoring Surveys
Kaua‘i Assessments of Habitat Utilization (KAHU) Survey
Fish Composition
For over a decade, the East Pila‘a reef flat was impacted by chronic sedimentation caused by
illegal grading of the watershed. High mortality of coral occurred on the east reef flat in 2001
following a stochastic rain event. The reef flat on the western side was minimally affected due to
the flushing effect of the channel that bisects the two sections and the distance from the stream
that served as a sediment conduit. To determine change in fish and benthic populations and
examine ecosystem recovery, surveys were conducted on both sides of the channel. Of the 60
transects surveyed, 39 were located in the East and 21 in the West (Fig. 3). Data was analyzed
for the overall site, and differences between the East and West stations were calculated
separately to compare historical changes between the sediment impacted and the unimpacted
areas.
A measure of abundance: numerical (number of fishes) and biomass (weight of fishes) are
included for each fish community factor. These are both important population parameters that
address different aspects of the fish population structure. A station may have a large school of
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small fish or one very large fish with equal biomass but very different abundance. By
distinguishing between these two measures, additional information about the population is
retained.
A statistically significant trend of increasing abundance and biomass has been shown since 2016
(Figs. 5, 6, 7). Overall, 71 species of fishes from 22 families were quantified from the 60
transects. The average number of species recorded per transect was 10 ranging from 3 to 20. A
mean number of 0.47 individuals per square meter (IND/m²) was calculated, ranging from 0.07
to 1.04 IND/m². A mean biomass of 14.0 ± 16.9 grams per square meter (g/m²) ranged from 0.1
to 75.4 g/m². All parameters measured displayed a wide range, therefore exhibiting considerable
variability as is inherent in fish surveys. There was no statistical difference of overall abundance
found between years. However, similar to last year’s results, higher abundance was reported in
the west as compared to the east (p=0.002) (Fig. 5). More species of fishes were found in the
East than in the West (p=0.004) with similar numbers between 2017 and 2018 (Fig. 5). No
statistical difference was found in the mean biomass between sectors or years. No significant
difference was detected for fish diversity between years and a marginal difference between
sectors (p=0.05). Fish evenness was not significant among years while a difference was detected
between sectors with higher evenness in the West (p=0.04).

Figure 5. Overall number fish species (left) and individual number of fishes (right) reported from 2017
through 2019 in the east (E) and the west (W).

Although the number of fish families were identical in the East (17) and West (17), the total
number of species was higher east of the channel (58) relative to the west (47). The average
number of individuals per square meter was moderately higher in the West (0.51: range 0.09 to
0.85) as compared to the East (0.45: range 0.07 to 1.04) while mean biomass (12.0 ± 15.1 g/m2)
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was slightly lower in the West relative to the East (15.1 ± 17.9 g/m2). These results follow the
same pattern as last year’s results (2017) where values were similar between the years. The
notable difference was the decrease in number of fish species at both sites when compared to the
previous survey. In 2017, there were more species recorded in both East (64) and the West (55)
when compared to 2018 (58 and 47 respectively).
The mean biomass at Pila‘a (14.0 g/m²) is only 1/4th the statewide (50 g/m2) and Kaua‘i (54
g/m2) average for CRAMP data reported from 2000-2004 (Rodgers 2005, Rodgers 2015). This is
likely a reflection of the topographic relief on the reef flat as compared to more rugose sites.
Sites with high spatial complexity have higher fish biomass than low relief sites (Friedlander &
Parrish 1998; Friedlander et al. 2003).

Figure 6. Combined fish abundance by mean number of individuals/m2 at west and east Pila‘a.
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Figure 7. Mean fish abundance and biomass at combined Pila‘a east and west transects.

Summary of Top Species
Pila‘a Overall
Thalassoma duperrey (hīnālea lauwili), the Saddle wrasse was the most abundant fish in Pila‘a
with 98% frequency of occurrence on all surveyed transects (60) (Table 2). This was followed by
Acanthurus triostegus (manini), the Convict tang, and Plectroglyphidodon imparipenis, the
Brighteye damselfish, both recorded on 87% of transects. This pattern of the three most abundant
species in Pila‘a is identical to the previous 2017 survey (Rodgers et al. 2017). Of the top ten
most abundant species, four were endemic to the Hawaiian Islands: T. duperrey, A. triostegus,
Stethojulis balteata (‘ōmaka), the Belted wrasse, and Canthigaster jactator, the Hawaiian
whitespotted toby. Coris venusta, the Elegant coris, another Hawaiian endemic species that had
been included in the top ten abundant species in two previous surveys (2016 & 2017) was not
included this year. Eight fish species of ten overlapped with the previous year’s survey with C.
venusta and Platybelone argalus, (‘aha), the Keeltail Needlefish in 2017 replaced by Kyphosus
spp (nenue), the Lowfin chub,and Chromis vanderbilti, the Blackfin Chromis in 2018.
The top ten species in biomass, Acanthurus nigrofuscus (māi‘i‘i), the Brown surgeonfish ranked
at the top (2.29 g/m²) followed by Kyphosus species (nenue), (2.09 g/m²) and A. triostegus
(manini) with 1.53 g/m² (Table 3). Due to its enormous size (120 cm),
Gymnothorax flavimarginatus (pūhi paka), the Yellowmargin Moray with a biomass of 0.39
g/m², ranked within the top ten list while only one individual was reported. In comparison to the
previous year’s survey (2017), seven out of ten species overlapped. Acanthurus nigroris (maiko),
the Bluelined Surgeonfish, A. olivaceus (na‘ena‘e), the Orangeband Surgeonfish and G.
flavimarginatus (pūhi paka) replaced P. argalus, Acanthurus blochii (pualu), the Ringtail
Surgeonfish and Scarus psittacus (uhu), the Palenose Parrotfish. P. argalus was not reported in
the 2018 survey.
11

Table 2. Top ten fish species with the highest abundance (mean number of IND/m²) shown in descending
order along with their mean biomass (g/m²) and frequency of occurrence (%).

Taxononomic Name
Thalassoma duperrey
Acanthurus triostegus
Plectroglyphidodon
imparipennis
Acanthurus nigrofuscus
Chromis vanderbilti
Stethojulis balteata
Canthigaster jactator
Stegastes marginatus
Kyphosus spp.
Rhinecanthus rectangulus

Hawaiian Name

Common Name

hīnālea lauwili
manini

Saddle Wrasse
Convict Tang
Brighteye Damselfish

māi‘i‘i

Brown Surgeonfish
Blackfin Chromis
Belted Wrasse
HI Whitespotted
Hawaiian Gregory
Lowfin Chub
Reef Triggerfish

‘ōmaka

nenue
humuhumunukunukuapua‘a

MEAN
Abundance
(IND/m²)

MEAN
Biomass
(g/m²)

Frequency
of
occurrence
(%)

0.169
0.087

1.194
1.527

98.33
86.67

0.046
0.045
0.012
0.011
0.010
0.009
0.007
0.006

0.107
2.291
0.016
0.054
0.073
0.043
2.091
1.009

86.67
65.00
20.00
55.00
55.00
41.67
18.33
51.67

Table 3. Top ten fish species with the greatest mean biomass shown in descending order along with
abundance (mean number of IND/m²) and frequency of occurrence (%).
Taxononomic Name

Hawaiian Name

Common Name

Acanthurus nigrofuscus
Kyphosus spp.
Acanthurus triostegus
Thalassoma duperrey
Rhinecanthus rectangulus
Acanthurus leucopareius
Caranx melampygus
Acanthurus nigroris

māi‘i‘i
nenue
manini
hīnālea lauwili
humuhumunukunukuapua‘a
māikoiko
‘omilu
maiko

Acanthurus olivaceus

na‘ena‘e

Gymnothorax flavimarginatus

pūhi paka

Brown Surgeonfish
Lowfin Chub
Convict Tang
Saddle Wrasse
Reef Triggerfish
Whitebar Surgeonfish
Blue Trevally
Bluelined Surgeonfish
Orangeband
Surgeonfish
Yellowmargin Moray

MEAN
Biomass
(g/m²)

MEAN
Abundance
(IND/m²)

Frequency
of
occurrence
(%)

2.291
2.091
1.527
1.194
1.009
0.634
0.605
0.558

0.045
0.007
0.087
0.169
0.006
0.004
0.003
0.005

65.00
18.33
86.67
98.33
51.67
20.00
8.33
6.67

0.435

0.003

8.33

0.385

0.000

1.67

Pila‘a East and West Comparison
Abundance
Eight of the top ten most abundant species were common in both the east and west regions of
Pila‘a with slight variations in order (Figs. 8 a, b). The most abundant fish in both East and West
sectors was T. duperrey (hīnālea lauwili), with a high frequency of occurrence of 100% and
95%, respectively (Tables 4 & 5). The second highest species was also identical in both sectors,
A. triostegus (manini), with frequency of occurrence of 92% and 76% respectively (Tables 4 &
5). A. triostegus has ranked as the second most abundant fish in the East in all past surveys
however, in the west, rank position has increased (10th in 2016, 3rd in 2017 and 2nd in 2018).
There were four endemic species included in both East and West: T. duperrey (hīnālea lauwili),
A. triostegus (manini), Stethojulis balteata, (‘ōmaka), the Belted Wrasse, and Canthigaster
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jactator, the Hawaiian Whitespotted toby. Non-native species were not included in the top ten.
a.

Top Species Pila‘a East: Numbers of
Individuals (%)

b.

Thalassoma duperrey

Top Species Pila‘a West: Numbers of
Individuals (%)
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Figure 8. a) Top ten fish species with the highest abundance (% of total) in East (n= 39) and b) West (n=
21) Pila‘a.

Table 4. Top ten fish species in East Pila‘a with the highest abundance (mean number of IND/m²) shown
in descending order along with mean biomass (g/m²) and frequency of occurrence (%).
Taxononomic Name

Thalassoma duperrey
Acanthurus triostegus
Acanthurus nigrofuscus
Plectroglyphidodon
imparipennis
Canthigaster jactator
Stegastes marginatus
Acanthurus nigroris
Rhinecanthus rectangulus
Stethojulis balteata
Kyphosus spp.

MEAN
Abundance
(IND/m²)

MEAN
Biomass
(g/m²)

Frequency
of
occurrenc
e (%)

Saddle Wrasse
Convict Tang
Brown Surgeonfish

0.160
0.098
0.046

1.035
1.817
2.441

100.00
92.31
61.54

Brighteye Damselfish

0.038

0.107

84.62

HI Whitespotted
Hawaiian Gregory
Bluelined Surgeonfish
Reef Triggerfish
Belted Wrasse
Lowfin Chub

0.011
0.009
0.007
0.007
0.006
0.006

0.094
0.051
0.822
1.186
0.044
2.021

56.41
41.03
7.69
51.28
43.59
23.08

Hawaiian Name

hīnālea lauwili
manini
māi‘i‘i

maiko
humuhumunukunukuapua‘a
‘ōmaka
nenue

Common Name
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Table 5. Top ten fish species in West Pila‘a with the highest abundance (mean number of IND/m²) shown
in descending order along with their biomass (g/m²) and frequency of occurrence (%).
Taxononomic Name

Thalassoma duperrey
Acanthurus triostegus
Plectroglyphidodon
imparipennis
Acanthurus nigrofuscus
Chromis vanderbilti
Stethojulis balteata
Canthigaster jactator
Stegastes marginatus
Kyphosus species
Rhinecanthus rectangulus

MEAN
Abundance
(IND/m²)

MEAN
Biomass
(g/m²)

Frequency
of
occurrenc
e (%)

Saddle Wrasse
Convict Tang

0.186
0.065

1.488
0.987

95.24
76.19

Brighteye Damselfish

0.062

0.107

90.48

Brown Surgeonfish
Blackfin Chromis
Belted Wrasse
HI Whitespotted
Hawaiian Gregory
Lowfin Chub
Reef Triggerfish

0.043
0.033
0.021
0.010
0.009
0.009
0.005

2.014
0.043
0.072
0.034
0.027
2.221
0.680

71.43
47.62
76.19
52.38
42.86
9.52
52.38

Hawaiian Name

hīnālea lauwili
manini
māi‘i‘i
‘ōmaka

nenue
humuhumunukunukuapua‘a

Common Name

Biomass
Both sectors shared two species with the highest biomass Acanthurus nigrofuscus (māi‘i‘i) and
Kyphosus spp. (nenue) with flipped in rank (Table. 6&7). They also shared three other common
species that appeared in the top ten rankings: A. triostegus,(manini). Rhinecanthus rectangulus
(humuhumunukunukuapua‘a), Reef triggerfish), and T. duperrey (hīnālea lauwili). Both sectors
had eight indigenous fish species and two species endemic to Hawai‘i (T. duperrey, hīnālea lauwili
and A. triostegus, manini). A notable difference from the previous year was observed in the west
with the introduction of Kyphosus spp. Sea chubs are known to be roving fish that do not have
fixed feeding locations like some other territorial reef fishes (Silvano & Güth, 2006). The increased
range of this herbivorous fish is likely indicative of an increase in algal abundance originating
from the extensive freshwater flooding event in early 2018.
Table 6. Top ten fish species with the greatest mean biomass for Pilaʻa East shown in descending order
along with mean number of individuals (IND/m2) and frequency of occurrence (%).
MEAN
Abundance
(IND/m²)

Frequency
of
occurrence
(%)

Taxononomic Name

Hawaiian Name

Common Name

MEAN
Biomass
(g/m²)

Acanthurus nigrofuscus
Kyphosus spp.
Acanthurus triostegus
Rhinecanthus rectangulus
Thalassoma duperrey
Caranx melampygus
Acanthurus nigroris
Gymnothorax
flavimarginatus
Mulloidichthys flavolineatus

māi‘i‘i
nenue
manini
humuhumunukunukuapua‘a
hīnālea lauwili
‘omilu
maiko

Brown Surgeonfish
Lowfin Chub
Convict Tang
Reef Triggerfish
Saddle Wrasse
Blue Trevally
Bluelined Surgeonfish

2.441
2.021
1.817
1.186
1.035
0.914
0.822

0.046
0.006
0.098
0.007
0.160
0.004
0.007

61.54
23.08
92.31
51.28
100
7.69
7.69

pūhi paka

Yellowmargin Moray

0.593

0.000

2.56

weke

0.576

0.003

12.82

Chaetodon auriga

kīkākapu

Yellowstripe Goatfish
Threadfin
Butterflyfish

0.496

0.003

23.08

Table 7. Top ten fish species with the greatest mean biomass in Pilaʻa West shown in descending order
along with abundance (mean number of IND/m2) and frequency of occurrence (%).
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Taxononomic Name

Hawaiian Name

Common Name

MEAN
Biomass
(g/m²)

MEAN
Abundance
(IND/m²)

Frequency
of
occurrence
(%)

Kyphosus spp.
Acanthurus nigrofuscus
Thalassoma duperrey
Acanthurus olivaceus
Acanthurus leucopareius
Acanthurus triostegus
Rhinecanthus rectangulus
Parupeneus multifasciatus
Naso lituratus
Naso unicornis

nenue
māi‘i‘i
hīnālea lauwili
na‘ena‘e
māikoiko
manini
humuhumunukunukuapua‘a
moano
umaumalei
kala

Lowfin Chub
Brown Surgeonfish
Saddle Wrasse
Orangeband Surgeonfish
Whitebar Surgeonfish
Convict Tang
Reef Triggerfish
Manybar Goatfish
Orangespine Unicornfish
Bluespine Unicornfish

2.221
2.014
1.488
1.193
1.018
0.987
0.680
0.532
0.429
0.151

0.009
0.043
0.186
0.007
0.006
0.065
0.005
0.002
0.002
0.000

9.52
71.43
95.24
19.05
23.81
76.19
52.38
14.29
14.29
4.76

Summary of Top Families
Pila‘a Overall
The families with the greatest abundance were Labridae (wrasses) (0.20 IND/m²), followed by
Acanthuridae (surgeonfishes) with a mean of 0.15 IND/m², and Pomacentridae (0.08 IND/m²)
(Fig. 9a). T. duperrey (hīnālea lauwili) and S. balteata (ōmaka) were the main contributors to the
high Labridae ranking for abundance (Fig. 9a). Of the 70 species surveyed at Pila‘a, 13 species
(19%) belonged to the Labridae family with T. duperrey (hīnālea lauwili) accounting for 38% of
the abundance. Results are similar to the previous survey. Nine fish families of the ten most
abundant families overlapped with the 2017 survey. The only difference was Belonidae replaced
with Balistidae. Families with the greatest biomass were Acanthuridae family (6.13 g/m²)
followed by Kyphosidae (2.10 g/m²) and Labridae (1.42 g/m²) (Fig. 9b). Five species belonging
to the family Acanthuridae were also in the top ten fish species for biomass: (A. nigrofuscus
(māi‘i‘i), Brown Surgeonfish A. triostegus (manini), A. leucopareius (māikoiko), Whitebar
Surgeonfish, A. nigroris (maiko), Bluelined Surgeonfish and A. olivaceus (na‘ena‘e),
Orangeband Surgeonfish) (Fig. 9b). Eight families overlapped between 2017 and 2018, with
Belonidae and Aulostomidae replaced by Chaetodontidae and Pomacentridae.
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Figure 9. a) Top ten fish families with the highest mean abundance (IND/m²) and b) mean biomass
(g/m²) shown with standard deviations.

Pila‘a East and West Comparison
Both sectors commonly shared eight most abundant families: Labridae, Acanthuridae,
Pomacentridae, Tetraodontidae, Chaetodontidae, Balistidae, Kyphosidae and Mullidae (Tables 8
& 9). P. argalus (‘aha) from the Belonidae family was only found in the East, along with
Kyphosus species and the introduced Lutjanus fulvus (to‘au), the Blacktail snapper, the sole
species contributing to the abundance of the Lutjanidae family. Large numbers of Rhinecanthus
rectangulus (humuhumunukunukuapua‘a) contributed to the Balistidae family ranking in the
West.
Acanthuridae was the top ranked family with the greatest mean biomass in both East (6.21 g/m²)
and West (6.00 g/m²). There were 8 overlapped Families between the sites (Table 8 & 9).
Echidna nebulosa (pūhi kāpā), the Snowflake moray was the only species contributing to the
Muraenidae family in the West, with a single large individual (70 cm) accounting for the high
biomass. Similarly, one 70 cm Aulostomus chinensis (nūnū, Trumpetfish) accounted for the high
biomass of Aulostomidae in the West. As with the ranking by abundance, nine families were
common to the top 10 biomass rankings in the East and eight in the West.
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Table 8. Top ten fish families in East Pila‘a with the highest mean abundance and biomass with standard
deviations shown in descending order.
Family
Labridae
Acanthuridae
Pomacentridae
Tetraodontidae
Scaridae
Chaetodontidae
Balistidae
Kyphosidae
Mullidae
Carangidae

Mean Abundance
(IND/m²)
0.182 ± 0.099
0.157 ± 0.105
0.058 ± 0.054
0.011 ± 0.013
0.009 ± 0.023
0.008 ± 0.011
0.007 ± 0.009
0.006 ± 0.016
0.006 ± 0.017
0.004 ± 0.019

Family
Acanthuridae
Kyphosidae
Labridae
Balistidae
Carangidae
Mullidae
Chaetodontidae
Muraenidae
Pomacentridae
Scaridae

Mean Biomass
(g/m²)
6.21 ± 11.59
2.02 ± 6.54
1.26 ± 0.93
1.18 ± 1.55
0.91 ± 3.64
0.90 ± 3.29
0.77 ± 1.21
0.59 ± 3.70
0.49 ± 0.87
0.17 ± 0.62

Table 9. Top ten fish families in West Pila‘a with the highest mean abundance and biomass with
standard deviations shown in descending order.
Family Name
Labridae
Acanthuridae
Pomacentridae
Tetraodontidae
Kyphosidae
Balistidae
Chaetodontidae
Mullidae
Microdesmidae
Blenniidae

Mean Abundance
(IND/m²)
0.228 ± 0.141
0.126 ± 0.099
0.111 ± 0.077
0.009 ± 0.012
0.008 ± 0.029
0.004 ± 0.005
0.004 ± 0.007
0.002 ± 0.007
0.001 ± 0.003
0.001 ± 0.006

Family Name
Acanthuridae
Kyphosidae
Labridae
Balistidae
Mullidae
Pomacentridae
Chaetodontidae
Fistulariidae
Tetraodontidae
Carangidae

Mean Biomass
(g/m²)
6.00 ± 9.72
2.22 ± 7.30
1.70 ± 1.41
0.67 ± 0.76
0.60 ± 1.92
0.31 ± 0.41
0.28 ± 0.48
0.05 ± 0.16
0.03 ± 0.04
0.03 ± 0.09

Fish Trophic Levels
Pila‘a Overall
Trophic structure is dependent more on local than regional conditions making these assemblages
more susceptible to local disturbances from fishing pressure, pollution, eutrophication or
sedimentation causing major shifts in trophic levels. Declines in apex predators are the most
highly evident when comparing feeding guilds in the main Hawaiian Islands (MHI) with the
Northwestern Hawaiian Islands (NWHI). Large apex predators, primarily jacks and sharks,
comprise over half the total biomass in the NWHI (54%), while contributing only a small
percentage (3%) in the MHI (Friedlander & DeMartini 2002).
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Fish abundance and biomass varied significantly by trophic levels (p<0.001). The average
abundance of invertebrate feeders was significantly greater than herbivores, piscivores, or
zooplanktivores. The abundance of herbivores was greater than piscivores of zooplanktivores
with no significant different found between piscivores and zooplanktivores. Although there was
no statistical difference between the East and the West, for herbivorous fishes, there were more
herbivores in 2018 than in the previous year (p=0.04) (Fig. 10). Invertebrate feeders were more
abundant in the West (p<0.001) with no statistical difference between years. In contrast, the
number of piscivores (p=0.001) and zooplanktivores (p=0.006) was greater in the East (Fig. 11).
There was no significance between years for piscivores and a significant difference for
zooplanktivores (p=0.03) (Fig. 10).

Figure 10. Mean number of individual fishes in 2016, 2017 and 2018 in East and West Pila‘a. Trophic
levels are abbreviated as follows: H=herbivores, INV=invertebrate feeders, P=piscivores,
Z=zooplanktivores.
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Figure 11. Differences in mean number of fishes for each trophic level in 2016, 2017, and 2018 at East
(E) and West (W) Pila‘a.

As with fish abundance, overall biomass varied by trophic levels (p<0.001). For fish biomass,
herbivores were greatest followed by invertebrate feeders, zooplanktivores and piscivores (Fig.
12). There were no significant differences between years for any trophic level with the exception
of zooplanktivores (p<0.001) where higher biomass was found in 2018 as compared to previous
years. No differences were found between the East and the West for Herbivores, while piscivores
had higher biomass in the East (p=0.01) and invertebrate feeders (p=0.0008) and zooplanktivores
(p=0.01) had greater biomass in the West.
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Figure 12. Biomass of fishes in 2016, 2017 and 2018 in East and West Pila‘a. Trophic levels are
abbreviated as follows: H=herbivores, INV=invertebrate feeders, P=piscivores, Z=zooplanktivores.

As in 2017, Pila‘a trophic levels are in concert with previously published data from the MHI
(Rodgers 2005). Both sectors are heavily dominated by herbivorous fishes or invertebrate feeders
with significantly fewer piscivorous fishes, in both numbers of individuals and biomass.
Piscivores comprise 8% of fish biomass in Pila‘a overall, this is in sharp contrast to the NWHI
where piscivores comprise nearly 75% of the fish biomass and lower than the statewide average
of 11.7%. (Fig. 13b). This is a marked drop since last year (15%). Piscivore abundance also
decreased, comprising only 1% of the total number of individuals (Fig. 13a), showing sharp
decline since 2017 (9%) (Rodgers et al. 2018). Compared to statewide comprehensive
assessments, piscivore abundance in Pila‘a is similar to the MHI overall mean of 1.4% (Rodgers
2005).
Herbivores clearly dominate in the MHI, with well over half of the total biomass (58.3%) and an
overwhelming percentage of individuals (42.8%) (Rodgers 2005). This reflects the fishing
pressure and environmental impacts in recent decades. Although the 2018 Pila‘a herbivore
biomass (62%) and abundance (38%) is similar to the statewide averages it has increased
substantially since 2017 (biomass 48% and abundance 29%). This may be a reflection of an increase
of algae in the West from 2017 (3.7 g/m2) to 2018 (8.4 g/m2).
A shift in trophic levels has occurred since the 2016 surveys with herbivorous fishes dominating
as opposed to invertebrate feeders. Results from the current 2018 surveys also follows this
pattern of increasing herbivores overall however, invertebrate feeders dominate in abundance,
(57%) and comprise 30% of the biomass (Fig. 13). The most abundant species, T. duperrey
contributed heavily to this trophic level (64%). Compared to previous 2017 surveys, there was a
precipitous drop of piscivores in both abundance (9% in 2017, 1% in 2018) and biomass (15% to
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8%) while zooplanktivores and invertebrate feeders remain stable. An increase in herbivorous
fishes compared to the previous survey (29% to 38% in abundance and 48% to 62% in biomass)
can partially be explained by the decrease in piscivores, lowering the predatory pressure.
However, there were more invertebrate feeders in the West (60.7%) than in the East (54.5%)
(p=0.0008).
a.

Pila‘a Overall: Mean Abundance for
Trophic level (%)
Piscivore
1.02%

b.

Zooplanktivore
3.85%

Pila‘a Overall: Mean Biomass for
Trophic level (%)
Piscivore
7.97%

Herbivore
38.32%

Invertebrate
Feeder
29.55%

Invertebrate
Feeder
56.80%

Zooplanktivore
0.53%

Herbivore
61.95%

Figure 13 a) Mean abundance (% of total) and b) Mean biomass (% of total) by trophic level in Pila‘a
overall.

Pila‘a East and West Comparisons
While the overall trophic composition for abundance has been shifting from invertebrate feeders
to herbivores fishes since 2016, both East and West Pila‘a are still dominated by invertebrate
feeders (Fig. 14) with a mean abundance of 0.25 IND/m2 in the East and 0.31 IND/m2 in the
West (Tables 10 & 11). This is followed in descending order by herbivores, zooplanktivores and
piscivores. Piscivores comprised only 1.2% of the abundance in the East and 0.7% in the West
with 5.5x10-3 IND/m2 and 3.4x10-3 IND/m2 respectively. Both the East and West have had
similar abundance composition throughout the surveyed years however, current surveys show a
large difference in abundance between the sectors. The salient difference when comparing to
2017, is the decrease in piscivores and zooplanktivores with an associated increase in
invertebrate feeders and herbivores (Table 1). This rapid change is associated with fecundity and
growth when undisturbed with ample resources.
Mean biomass in West Pila‘a saw a complete shift in dominance. In 2017, invertebrate feeders
dominated (59%) the area while recent surveys show herbivore dominance (70%) (Fig. 15). This
large increase in percentage of herbivorous fish biomass is linked to the recent appearance of
Kyphosus (nenue) species in the West (Table 11). 2018 was the first year this large herbivore
was observed in the West.
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Figure 14. Mean abundance (% of total) by trophic level for Pila‘a East (a) and West (b).
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Figure 15. Mean biomass (% of total) by trophic level for Pila‘a East (a) and West (b).

22

Table 10. Mean biomass and numerical abundance by trophic level and their standard deviations for East
Pila‘a.
Pila‘a East
Herbivore
Invertebrate Feeders
Piscivores
Zooplanktivores

Mean Abundance (IND/m²)
0.193 ± 0.119
0.245 ± 0.125
0.005 ± 0.021
0.006 ± 0.013

Mean Biomass (g/m²)
8.84 ± 13.47
4.51 ± 4.79
1.66 ± 5.14
0.05 ± 0.27

Table 11. Mean biomass and numerical abundance by trophic level and their standard deviations for West
Pila‘a.
Pila‘a West
Herbivores
Invertebrate Feeders
Piscivores
Zooplanktivores

Mean (IND/m²)
0.156 ± 0.112
0.306 ± 0.174
0.003 ± 0.007
0.039 ± 0.064

Mean (g/m²)
8.35 ± 13.77
3.43 ± 2.45
0.09 ± 0.22
0.12 ± 0.26

Endemic Status
Background History
Both terrestrial and marine endemism in the Hawaiian Islands is high compared to the rest of the
world, due to geographic isolation which restricts gene flow and favors speciation.
Endemism is a biologically relevant attribute in examining fish assemblages. It relates to
conservation of biodiversity, genetic connectivity and spatial patterns of recruitment.
Historically, endemic comparisons have been based solely on presence/absence data due to lack
of quantitative data. Yet, endemism evaluations are more statistically meaningful when
incorporating numerical and biomass densities which allow for elucidation of spatial patterns
(Friedlander & DeMartini 2004).
Introduced species have become common on reefs in the MHIs. Since most snappers occurring
in Hawai‘i have historically been highly prized food fishes, such as Pristipomoides filamentosus
(‘opakapaka) Crimson jobfish, Etelis carbunculus (ehu) Ruby snapper, and Etelis coruscans
(onaga) Long-tailed Red snapper, but inhabit depths of over 60 m, the Hawai‘i Fish and Game
introduced three shallow water snappers from the South Pacific and Mexico in the mid-1950s
and early 1960s in hopes of stimulating the commercial fisheries (Gaither et al. 2010). These are
among 11 demersal species introduced within a 5-year period. L. kasmira (ta‘ape) and L. fulvus
(to‘au) have become widely established, while the third species, L. gibbus, the Humpback red
snapper, is extremely rare. None of these species have been widely accepted as a food fish
among the local population or become successful in the commercial fisheries and the ecological
effects of these aliens have only recently been realized. Histological reports from Work et al.
(2003) found that nearly half of the L. kasmira (ta‘ape) examined from O‘ahu were infected with
an apicomplexan protozoan. Furthermore, 26% were infected with an epitheliocystic-like
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organism with potential transmission to endemic reef fishes. In addition, L. kasmira (ta‘ape)
from Hilo were found to host the nematode Spirocamallanus istiblenni (Font & Rigby 2000).
Species of goatfish (M. flavolineatus (weke) and Parupeneus porphyreus [kūmū], Whitesaddle
goatfish), a popular food fish for humans, may be displaced by L. kasmira (ta‘ape), which has
also expanded its range into deeper water where P. filimentosus (‘opakapaka) reside. Friedlander
and Parrish (1998) looked at patterns of habitat use to determine predation and resource
competition between L. kasmira (ta‘ape) and several native species within Hanalei Bay, Kaua‘i,
but found no strong ecological relationships.
The more common of the non-native snappers, L. kasmira (ta‘ape), was introduced from the
Marquesas in 1958, while L. fulvus (to‘au) was imported two years earlier in 1956. Although
only 3,200 L. kasmira (ta‘ape) were released on the island of O‘ahu, they have increased their
range to include the entire Hawaiian archipelago. Cephalopholis argus (roi) the Blue spotted or
Peacock grouper introduced by the state for commercial purposes in 1956 from Moorea, French
Polynesia, has had more popularity as a food fish than the introduced snappers but has been
associated with the ciguatera toxin. Due to its carnivorous nature, numerous efforts to cull this
fish from the nearshore reefs have been initiated including “Kill Roi Day” on Maui and “Roi
Round-up” on the island of Hawai‘i.
Endemism at Pila‘a
Endemism recorded at Pila‘a (25.7%) is moderately higher than published values for fish
endemism (23.1%) in Hawai‘i, based on the most comprehensive estimate of reef and shore
fishes (Hoover 2006). This is a decrease compared to the 2016 reporting of species endemism
(27.6%) (Rodgers et al. 2017). Of the 70 species reported from Pila‘a, 18 are found exclusively
in Hawai‘i (Hoover 2006). Percent endemism abundance in Pila‘a (60.6%) was higher than
percent endemism biomass (20.8%). This is mainly due to the ubiquitous T. duperrey (hīnālea
lauwili) and A. triostegus (manini), comprising 54.4% (36.0% and 18.4% respectively) of the
mean abundance. This is identical to statewide endemism of T. duperrey (hīnālea lauwili) which
contributed most heavily in abundance (36%) and similar to biomass estimates (20%) (Rodgers
2005). The narrow range of T. duperrey (hīnālea lauwili) (Hawaiian Islands and Johnston Atoll)
has many experts include this species as an endemic to the Hawaiian Islands. These two regions
are considered to be the same biogeographical region (Friedlander 2017 pers com). The Hawai‘i
Cooperative Fishery Research Unit (HCFRU) data used in calculating fish community values in
this report also lists this species as an endemic.
Overall, the average number of endemic fishes varied statistically (p=0.001) from other trophic
levels, with no significant difference between years. Both the East and the West show endemic
fishes having higher abundances than indigenous (p<0.001) and introduced (p<0.001) fishes (Fig
16). Fish abundance varied significantly between East and West sectors with lower abundance of
introduced fishes in the West (p=0.0005).
Overall fish biomass varied by endemic status (p<001). A significant difference was shown
between endemic and indigenous fish biomass (p=0.02), endemic and introduced (p<0.001), and
between indigenous and introduced fish biomass (p<0.001). Biomass of indigenous fishes was
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greater than those of endemic or introduced fishes. Statistically greater biomass of endemic and
introduced fishes were found in the East (p=0.05, p=0.04 respectively).
Indigenous fish species are native but not unique to the Hawaiian Islands and can also occur in
other regions. Indigenous fish species comprise the vast majority of the abundance statewide
(77% of the total of fishes recorded) (Rodgers 2005). Pila‘a shows a similar trend with mean
biomass of 78.5% (11.0 g/m²) (Table 12). This includes 51 of the 70 species (72.9%) recorded in
this category. Indigenous species by abundance (39.1%) was lower than by biomass (78.5%) due
to several large bodied species. A. nigrofuscus (ma‘i‘i‘i) and Kyphosus spp. (nenue) comprise
40% of the indigenous biomass found at Pila‘a. No significant difference was found for endemic
status between 2017 and 2018.

Figure 16. Fish biomass by endemic status in East and West Pila‘a for endemic (E), indigenous (I), and
introduced (X) species from 2016 through 2018.
Table 12. Mean biomass (g/m²) and mean numbers of individuals (IND/m²) along with standard
deviations by endemic status.
Status
Endemic
Indigenous
Non-native

Mean Biomass (g/m²)

Mean Abundance (IND/m²)

0.30 ± 0.98
1.19 ± 2.77
0.73 ± 0.35

0.030 ± 0.035
0.020 ± 0.022
0.009 ± 0.001
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Pila‘a East and West Comparison
Endemism was similar between the East and West sectors (Table 13). One difference is the
percent difference in endemism by species. Twelve species of 58 reported in the East (21%) were
endemic, while 14 of 46 species in the West were endemic (30%). Although East Pila‘a had a
lower percentage of endemic fishes than in the unimpacted West, it is only slightly lower than
the statewide endemism rate (23%) (Rodgers 2005). Both East and West were similar to the
previous 2017 survey, with the exception of a decrease in biomass for endemic species in the
West from 43.4% to 22.5% and a related increase in indigenous species from 56.3 in 2017 to
77.3% in 2018. This increase is comparable to statewide survey means for indigenous fishes
(77%) (Rodgers 2005). East Pila‘a appears to be more similar to the west then in previous
surveys. Due to the small sample size for introduced individuals, no statistical difference was
found between the East and the West.
Table 13. Comparison for endemism at Pila‘a East and West by biomass (%) and abundance (%).
Status
Endemic
Indigenous
Non-native

Location

Biomass (% total)

Abundance (% total)

East
West
East
West
East
West

20.0
22.5
79.1
77.3
0.91
0.20

62.7
57.1
36.9
42.8
0.40
0.10

Size Classes
Fish abundance varied by size (p<0.001). As in 2017, the mid-size class (5-15 cm) was more
abundant (p<0.001) than the small or large size classes. There was a significant interaction
between size class and location (p=0.0005) showing that the abundance of fishes in the largest
size class was less in the West (p=0.005) than in East. Both East and West Pila‘a show notable
changes between years. The abundance of the smallest size class increased from 26.1% in 2017
to 59.6% in 2018, while the mid-size class decreased from 68.7% to 36.9% (Fig. 17). This shift
in size-class from mid-size to smaller bodied fishes is mainly due to a more than double increase
in T. duperrey (hīnālea lauwili) abundance in 2018 (281 individuals) since 2017 (115
individuals). Although they contributed relatively little to biomass, their presence was amplified
in many other categories (abundance and trophic level). The effect of year on variation in fish
abundance was present (p= 0.04). This pattern was also observed in the 2016 survey where the
mean abundance of the smallest size class exceeded the medium size class (5-15 cm) but not in
2017 where medium fishes were more abundant.
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Figure 17. Differences in the number of fishes in each size class in 2016, 2017 and 2018 in the East and
the West. Size classes: A=<5cm, B=5-15cm, C=>15cm.

For biomass, an identical pattern emerged in fish size categories in 2018 as in previous years
with highest biomass occurring in the largest category (>15 cm) and the greatest abundance of
fishes in the middle category (5-15 cm) (Figs. 18 & 19). The majority of fish biomass (64%) in
the 15 cm or greater size range was mainly contributed by Acanthurids (45% of total biomass).
Fish abundance was highest in the 5-15 cm range (60%) primarily due to large numbers of
Labridae species (42% of the total abundance).
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Pila‘a Overall: Fish size classes
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Figure 18. Fish size classes for Pila‘a overall by biomass (% of total) and abundance (% of total).
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Pila‘a East: Fish size classes
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Pila‘a West: Fish size classes
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Figure 19. Fish size classes by biomass (% of total) and abundance (% of total) for a) East and b) West
Pila‘a.
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Diversity and Evenness
Areas in high wave energy environments have previously been reported to maintain lower fish
populations and exhibit lower species diversity in the Hawaiian Islands (Friedlander & Parrish
1998). This can be attributed to reduced habitat complexity in high energy environments. The
Pila‘a reef flat with its low spatial complexity thus exhibits lower fish diversity. Diversity is an
important factor in many ecological and conservation issues. It can be important in assessing the
efficacy of management efforts. Reductions in diversity can be indicative of fishing pressure
because it selectively removes specific species. Other anthropogenic impacts, such as
eutrophication and sedimentation, can result in phase shifts that impact fish diversity. No
previous value of fish diversity is available for Pila‘a prior to or immediately following the
sedimentation events thus we cannot determine whether or not diversity has increased due to
system recovery. However, subsequent measures can be compared to baseline surveys conducted
in 2016 to examine shifts in diversity. There were no significant differences in diversity between
years and a marginal difference between sectors (p=0.05). Evenness is a component of diversity,
where diversity is divided by the total number of species present, for an expression of the
abundance of different species (Brower and Zar 1984). The overall average fish diversity at
Pila‘a (1.65) (Table 14) is lower than the Kaua‘i diversity (2.11) and the statewide diversity
average (1.94) which ranged from 0.25 at Pelekane, Hawai‘i to 2.99 at Molokini Island, Maui.
Evenness at other Kaua‘i sites (0.77) and statewide (0.70) was similar to the evenness at Pila‘a
(0.75) (Rodgers 2005). When comparing the impacted East with the unimpacted West we found
no statistical difference in diversity between the West (1.68) and the East (1.63). The mean
number of fish species per transect in the West (9.44) was similar to the East (10.52). No
statistical difference was found for fish diversity between 2017 and 2018 or between the East and
the West. Evenness was found to be statistically different among years (p=0.04). However, the
differences were minimal.
Table 14. Diversity and Evenness in Pila‘a East, West and Overall by years (2017 & 2018).
Year
2017

2018

Site
East
West
Overall
East
West
Overall

Diversity
1.60
1.67
1.63
1.63
1.68
1.65

Eveness
0.75
0.75
0.75
0.76
0.72
0.75

Benthic Cover
Pila‘a East and West Comparison
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Differences in benthic composition between Pila‘a east (impacted by sediment) and west
continue to be pronounced in 2018 surveys, similar to 2016-2017 surveys. Coral cover continues
to be higher in the unimpacted West (3.8%) than in the East (2.0%) (Figs. 20, 24, & 25).
Bleaching is also more persistent in the east, with 20% of coral cover identified as bleached
while the west reported 12% (Fig. 21). Similar to the 2018 Hā‘ena surveys, M. capitata was the
most common coral identified as bleached in both East and West sectors of Pila‘a. Invertebrate
species and algae composition also remain distinct similar to previous years. Sarcothelia
edmonsoni was the most dominant coral species in the east, while it was completely absent on
transects in the west. In 2016 surveys, the octocoral S. edmonsoni was included in invertebrate
cover, however, in 2017 and 2018 data analyses, S. edmonsoni is included within coral cover. S.
edmonsoni, however, is not a stony, scleractinian reef-building coral. Excluding sea urchins,
Pila‘a East shows a dominance by sponges comprising invertebrate cover, while Pila‘a West
shows the genus Palythoa and sea cucumbers to be most prevalent (Figs. 24, 25).

Figure 20. East and West Pila‘a mean coral cover from 2016-2018.
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Figure 21. Bleached corals as a percent of total coral cover for East and West Pila‘a from 2016-2018.
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Pila‘a East
Mean coral cover from 39 transects conducted in the eastern sector of Pila‘a was 2.0% with a
range from 0% to 6.9%. This shows a slight increase in coral cover since 2016 (1.5%), but
similar to 2017 (2.1%) (Fig. 20). S. edmondsoni, Pocillopora meandrina, and Montipora patula
were the most dominant species within the coral category (20.2%, 18.1%, and 15.8%,
respectively). Presence of S. edmonsoni has fluctuated between years. In 2016, this octocoral
covered 4.4% of the total coral cover, while in 2017 it was completely absent from transects.
However, in 2018, S. edmonsoni showed a resurgence in surveys, dramatically increasing to
20.2% of the total coral cover (Fig. 22). This may have been due to an influx of nutrients from
freshwater during the heavy rain and storms in April 2018. S. edmonsoni is suggested to be
indicative of areas impacted by anthropogenic stress and other pollution (Walsh et al. 2013;
Baker et al. 2010; Hernandez-Munoz et al. 2008). Blooms of octocorals have been recorded on
the Kona coast of Hawai‘i near heavily impacted and developed areas, capable of overgrowing
and smothering other corals. The presence of Chrysophyta algae may also be indicative of
freshwater input, however, differences in abundance and distribution of this algae throughout
years suggest that S. edmonsoni may be a stronger indicator (Figs. 22 & 35). Chrysophyta
abundance has dramatically decreased from 2016 to 2018, comprising 17.2% of the total algae
cover and decreasing to 0.9%, respectively (Fig. 22). The marked decrease may be correlated
with the dramatic increase of the octocoral. Bleached corals almost doubled since 2017,
increasing from 11.4% of the total coral cover to 20.3% in 2018 (Fig. 21). The increase in coral
bleaching is likely associated with the freshwater flooding in April 2018. Declines in urchins and
qualitative increases in sediment input in Pila‘a substantiate this relationship. This flooding also
impacted the reefs at Hā‘ena with marked urchin declines at stations < 7 m with deeper stations
unaffected.
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Figure 22. Pila‘a East benthic composition from 2016-2018. Percentages are shown for Porifera
(sponges) in the category invertebrates, Chrysophyta (algae), and S. edmonsoni (coral).

Pila‘a West
Mean coral cover from 21 transects conducted in the western sector was 3.8% ranging from
11.2% to 0.2%. Porites lobata was the most common species found on transects, comprising
36.4% of the total coral cover (Fig. 25). The genus Palythoa increased slightly from 2016, and
was only found in the western sector (Fig. 23). Sea cucumbers contributed greatly to invertebrate
cover, with an increase to 23.5% of the total invertebrate cover in 2018 as compared to 0% in
2016 (Fig. 23). No sea cucumbers were reported on transects in the east during the 2018 surveys.
The urchin Echinostrephus aciculatus appeared on transects for the first time in 2018,
comprising 2.9% of total invertebrate cover (Fig. 25).

Figure 23. Pila‘a west invertebrate composition (% of total) for Palythoa, E. aciculatus, and sea
cucumbers from 2016-2018.
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Figure 24. Benthic cover percentages at East Pila‘a in 2018.
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Figure 25. Benthic cover percentages at West Pila‘a in 2018.
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Urchin Surveys
Urchins were recorded along 60 transects to determine any changes in the population since
urchins play a critical role in the health of coral reefs. As grazers they can maintain the balance
between algae and corals. High mortality of collector urchins was investigated by State and
Federal agencies in 2014 following an unusual die off in most of the main Hawaiian Islands
(Fung 2014). Urchin surveys can be used as a proxy for coral reef health and act as an early
warning sign of community stress. This link between urchins and coral reef health was
demonstrated in the Caribbean in the early 1980s when a crash in the urchin populations was
followed within a year by an 80% decline in coral cover and biodiversity (Mumby et al. 2006). A
baseline of urchin population at Pila‘a was established in 2016 to serve as a reference point for
following surveys.
Abundance
There was a total of 1,484 sea urchins recorded at the 60 stations surveyed, only 63% of the
previous year survey results (2017=2,356, n=51). This is more similar to the 2016 baseline of
1,290. This demonstrates the annual variability in urchins. However, the sudden drop in urchin
abundance in a one-year period suggests an impact from the freshwater flooding event in April
2018.
Coral reefs are highly vulnerable to storm flooding events that reduce salinity in shallow waters
(Banner, 1968; Jokiel et al., 1993). Flash floods that are common in Hawai‘i are typically intense
and short in duration. These flash floods are associated with upper-level forcing where
convective cells develop as a result of orographic effects (Jokiel 2006). Three freshwater flood
events and their impacts to coral reefs have been documented in Kāne‘ohe Bay in 1965 (Banner
1968), 1988 (Jokiel et al. 1993), and in 2014 (Bahr, Rodgers & Jokiel 2015). This is a frequency
of occurrence of approximately 25 years. However, as a result of climate change, the frequency
and intensity of storms is increasing (USGCRP 2009, Mora et al. 2013). In 2014, 24 cm (9.5”) of
rainfall caused mortality of reef organisms to 2 m (3.3 feet). Post event salinity depth readings
were calculated to estimate the freshwater layer at 27 cm (10.6”) in depth (Bahr et al. 2015).
Extrapolating the 2014 Kāne‘ohe Bay calculations to the 2018 North Kaua‘i flooding, an
estimate of the depth of the freshwater lens (141 cm or 4.6’) and the depth of possible impact
(34.4 feet or 10.5 m) was made using the rainfall, freshwater depth and zone of impact data. This
is supported by the frequency of occurrence of urchins from the shallow and deep sites both
inside and outside the Hā‘ena CBSFA where urchins at shallow sites <7 m suffered extensive
declines while deeper sites > 7 m remained stable. The shallow reef flat at Pila‘a does not exceed
3 m.
This provides strong evidence of urchin decline due to the freshwater flooding event in April,
2018 that impacted this region. Some species were affected more heavily than others. There was
an overall decline in shallow waters of all species with the exception of E. oblonga. However,
four of the seven species were too few in number to determine change (Table 15). E. mathaei
appears to be the species most heavily impacted by freshwater. However, this species drastically
declined only at shallow sites between 2017 (7.7 urchins/transect) and 2018 (1.1
urchins/transect) at Hāena. At deeper sites there was no statistically significant change in
abundance from 2017 (5.9 urchins/transect) to 2018 (7.0 urchins/transect).
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Adult and larval echinoderms have been well documented to be stenohaline, able to tolerate only
a narrow range of salinities (Irlandi et al. 1997). This is due to their permeable body wall (Drouin
et al. 1985) and lack of separated osmoregulatory and excretory organs (Binyon 1966). Acute
changes in salinity, as in a discharge or flood event, can cause up to 100% mortality in adult
urchins (Campbell and Russell 2003). Freshwater floats above seawater because it is less dense.
This low salinity lens contacts the bottom during low tides. The width of the lens is dependent on
a number of factors including freshwater input, circulation patterns, and wave energy. The
nearest rain gauge to Hā‘ena recorded 50 inches of rain in a 24 hour period. This stochastic event
in conjunction with low tides contact the bottom and impacted the urchin populations in shallow
sites. Other possible explanations for the pronounced decline in urchin populations include
elevated sedimentation and nutrient levels associated with the flood runoff. As with freshwater,
sediments and nutrients are diluted with distance from shore due to winds, waves, and tidal
currents with the heaviest impacts to the shallower areas.
In 2018, Echinometra mathaei, the Pale Rock Boring Urchin was by far the most abundant
(1388), contributing 93.53% of urchin populations recorded. The second most abundant was
Echinometra oblonga, the Black Rock Boring Urchin (61), followed by Echinothrix diadema,
the Blue-black Urchin (28), and Echinostrephus aciculatus, the Needle-Spined Urchin (7) in
descending order. A similar pattern of species distribution occurred in previous years. Urchin
location, depth and habitat can be found in Table 15.
Significant effects of year (p=0.001) and location (p=0.0004) were present in the variation for
sea urchin abundance. No interaction between year and location was observed. Sea urchins were
more abundant in 2017 (p=0.0001) than in 2016 or 2018. Overall a greater abundance of sea
urchins was found in W (p=0.002) as compared to the E (Fig. 26). An unprecedented freshwater
event occurred in April 2018. This broke the long-standing record for rainfall in a 24-hour period
in the Hawaiian Islands. The National Weather Service in Honolulu recorded over four feet
(49.69”) of precipitation from a rain gauge about a mile west of Hanalei Bay during April 15-16.
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Figure 26. Total number of individual sea urchins on the E and W Pila‘a reef flat from 2016 through
2018.

In both the East (660) and the West (728) the sea urchin E. mathaei was the most abundant,
followed by E. oblonga in the East and E. diadema in the West. While these four species of
urchins were enumerated in both sectors, the West had a slightly higher abundance of urchins
(767) compared to the East (717). Figs. 28 and 29 show species composition by sector.
Urchins were recorded on 49 out of 60 transects for a frequency of occurrence of 81.7%, with E.
mathaei having the highest frequency occurring on 47 out of 60 transects (78.3%). All other
urchins had relatively low frequency of occurrences: E. oblonga (23.3%), E. diadema (15.0%),
and E. aciculatus (8.3%).
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Figure 27. Overall Pila‘a urchin composition in percent of total.

East Pila'a: UrchinE.Composition
E. oblonga,
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Figure 28. East Pila‘a urchin composition in percent of total.
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West Pila'a: Urchin
E. Composition
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Figure 29. West Pila‘a urchin composition in percent of total.

Sea Cucumbers
The monitoring of sea cucumbers became a priority for state resource managers in 2015,
following two mass commercial harvesting events that left large areas off Maui and Oʻahu barren
of these critical detritivores (DLNR 2015). A Waimanalo fisherman reported being unable to
find a single sea cucumber three months following the commercial operation cleared the area
(Kubota 2015). This unprecedented exploitation resulted in public outrage and required
immediate action. DAR enacted a 120-day emergency ban on the commercial harvesting of all
sea cucumbers (DLNR 2015). Since sea cucumbers had not previously been a significant
commodity in Hawai‘i, no rules were in place to limit the mass harvesting in 2015. However, sea
cucumbers are in high demand for food and medicinal extracts in many Asian countries (Kubota
2015). A permanent rule was put into place in January 2016 that bans the commercial
consumptive take of all but two species of sea cucumbers (Holothuria hilla and H. edulis), for
which catch limits are now established (DLNR 2015). This ban precipitated the inclusion of sea
cucumbers into the survey design.
Abundance
A total of 30 sea cucumbers of three species were logged at 18 of the 60 stations surveyed for a
frequency of occurrence of 30%. This was a decrease of 40% from the previous year survey
results (2017=50, n=50). However, in 2016 only 19 individuals were recorded. Similar to the
urchins, sea cucumbers show variability in their abundance from year to year. All surveys were
conducted in the summer months thus seasonality is not suspect. Species recorded in descending
order of abundance were Holothuria whitmaei, the Teated Sea Cucumber (14), Actinopyga
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varians, the White Spotted Sea cucumber (10), and Holothuria atra, the Black Sea Cucumber
(6). H. whitmaei was the most abundant sea cucumber in Pila‘a East (9), while A. varians was
the most abundant species in Pila‘a West (6) (Figs. 31 & 32). Pila‘a East had a slightly higher sea
cucumber abundance (17) as compared to the West (13).
A significant effect of year (p=0.04) was present in the variation for sea cucumber abundance.
However the 95% confidence intervals for each level of year, location, and pair-wise interactions
indicate no statistical difference given that a frequency in occurrence of sea cucumbers was very
low per transect with high variability (the standard deviation of the mean) across years and
locations.

Overall Pila'a: Sea Cucumber
Composition
A. varians,
33.33%

H. whitmaei,
46.67%

H. atra,
20.00%

Figure 30. Overall Pila‘a sea cucumber composition in percent of total.
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East Pila'a: Sea Cucumber
Composition
A. varians,
23.53%
H. whitmaei,
52.94%

H. atra,
23.53%

Figure 31. East Pila‘a sea cucumber composition in percent of total.

West Pila'a: Sea Cucumber
Composition
H. whitmaei,
38.46%

A. varians,
46.15%

H. atra,
15.38%

Figure 32. West Pila‘a sea cucumber composition in percent of total.
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Table 15: Sea urchin and sea cucumber counts, date surveyed, habitat type, and depth by station at Pila'a
East and West.
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Sediment Composition and Grain-Size
Sediment can be important in determining the condition or state of the reefs. It can help
determine the wave regime and other stresses to the environment. Sediment containing high
levels of organics and high silt/clay are indicative of areas heavily impacted by sedimentation
and can indicate chronic disturbance to reefs, high organics and low silt/clay may indicate
anthropogenic stress from nitrification or enhanced fish feeding. When silt/clay overwhelms the
system, sedimentation becomes the dominant forcing function on community structure (Rodgers
2005). Sites that have high proportions of basalt (terrigenous) and low levels of calcium
carbonate (CaCO3) have low coral cover and are primarily dominated by Pocillopora meandrina
the Cauliflower Coral, a species found in shallow, high wave energy environments. Many sites
with north-facing exposures have high percentages of large grain sediment sizes. This may be
attributed to wave energy regimes that can remove finer sediment grains offshore (Rodgers
2005). By examine the composition and grain-size of sediments, we can better understand what
is driving the biological communities.
Sediment collections occurred in 2016, 2017, and 2018. However, the 2017 collections were
specific to the two DAR/CRAMP sites to determine a baseline. The 2016 and 2018 sediment
collections were prior to and following a large flood event. These are compared to the initial
collections in 2002 following the first documented sediment event. In August 2016, 10 sediment
samples were collected in the East (7) and West (3) at KAHU sites for baseline data and to
compare with the 2002 sediment results to understand recovery processes (Rodgers et al. 2017).
In April 2018, Kaua‘i experienced an unusual massive flood event. To monitor any impact and
change between the previously impacted East and the control West and to compare before and
after the extensive flooding, eight sediment samples were collected on the Pila‘a reef flat (East
(5) and the West (3)) at the coral recruitment array stations (Table 16). Results show relatively
high organics and high silt/clay percentages providing supporting evidence of terrigenous
sedimentation from the April 2018 flood event.
Mean CaCO3 percentages were similar between the East (90.8%) and the West (94.4%) (Table 16). A
carbonate latitudinal gradient exists across islands. The older the islands, as with Kaua‘i, have
higher proportions of calcium carbonate (CaCO3). Previous 2016 data was similar in the East
(93.2%) in West (94.8%) (Table 17). In 2018, the East had slightly higher organics (3.8%) than
the West (3.3%) that were similar to 2016 values (East=3.6%, West=3.2%) (Table 17). These
values are in concert with other Kaua‘i sites (3-4% range) (Rodgers 2005). The silt/clay in the
East (10.1%) and West (8.9%) has significantly increased as compared to the previous survey in
2016 (1.2% and 0.6% respectively) (Table 17). This acute increase in silt/clay percentages are
comparable to the 2002 major flood event that devastated the East reef flat (14.8%) (Jokiel et al.,
2002) (Table 17). The most heavily impacted sites throughout the state are Pelekane Bay,
Hawai‘i (organics 23.6%, silt/clay 50.9%), He‘eia, O‘ahu (organics 14.6%, silt/clay 59.9%)
where historical dredging occurred, and Hakioawa, Kaho‘olawe (organics 11.5%, silt/clay
14.2%) where military exercises and overgrazing by ungulates occurred. Pila‘a ranks withi the
most highly impacted sites.
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Table 16. Sediment composition in percent of total at Pila‘a East (n=5) and West (n=3) (July 2018).
Pila‘a
Organic
sd
CaCO3
sd
Terrigenous
sd
East_1
3.81
0.31
93.06
0.53
3.13
0.21
East_2
4.23
0.16
89.65
0.10
6.12
0.26
East_3
3.57
0.11
93.71
0.16
2.72
0.28
East_4
3.10
0.13
94.75
0.19
2.15
0.06
East_5
4.07
1.53
82.62
17.41
13.31
15.87
Mean
3.76
0.45
90.76
4.93
5.49
4.63
West_1
3.54
0.07
94.74
0.56
1.72
0.49
West_2 (n=1)
3.45
0.95
94.60
1.71
1.95
0.76
West_3
2.91
0.08
93.79
0.05
3.30
0.02
Mean
3.30
0.34
94.38
0.51
2.32
0.85
Table 17. 2002, 2016 and 2018 site summary comparison for sediment composition (organic, carbonate
and terrigenous) fractions as a percentage of the total at Pila‘a East and West.

Year Pila‘a Organic sd
2002 East
4.91
1.99
2002 West
3.17
0.10
2016 East
3.62
0.50
2016 West
3.19
0.14
2018 East
3.76
0.45
2018 West
3.30
0.34

CaCO3
81.19
93.33
93.17
94.32
90.76
94.38

sd
Terrigenous
sd
13.50
13.90
11.58
0.11
3.50
0.21
1.30
3.21
0.83
0.30
2.48
0.23
4.93
5.49
4.63
0.51
2.32
0.85

Larger-grain sizes in the previous 2016 survey in the East (84.3%) and West (88.8%) shifted
significantly (East 65.8% and West 65.9%) (Tables 18, 19). This proportional shift between
larger grain size and silt/clay fractions is indicative of heavy sedimentation. The East (5.5%) has
a higher terrigenous fraction as compared to the West (2.3%). However, this is a substantial
reduction from 2002 (13.9%) (Table 17).
Table 18. Sediment grain-size fractions as a percentage of total at Pila‘a East (n=5) and West (n=3) (July
2018).
Pila‘a coarse sand s.d.
med. sand s.d.
fine sand s.d. silt / clay s.d.
East_1
63.46 0.05
14.85 0.89
11.78 0.61
9.91
0.23
East_2
35.99 1.17
39.44 0.18
11.84 0.07
12.74
1.06
East_3
74.39 4.05
8.40 1.78
7.57 1.74
9.65
0.53
East_4
76.92 0.99
5.63 0.25
7.25 0.11
10.20
0.63
East_5
78.07 2.61
6.66 0.70
7.27 1.83
8.00
0.09
Mean
65.76 17.62
14.99 14.13
9.14 2.44
10.10
1.71
West_1
80.30 1.00
6.91 0.27
4.33 0.26
8.46
0.47
West_2
62.10 4.23
19.54 2.12
7.74 0.08
10.63
2.02
West_3
55.36 1.61
24.61 1.43
12.32 1.56
7.71
1.39
Mean
65.92 12.90
17.02 9.11
8.13 4.01
8.93
1.51
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Table 19. 2016 and 2018 site summary comparison for sediment grain-size fractions as a percentage of
total at Pila‘a East and West.
coarse
med.
fine
silt /
sd
sd
sd
sd
Year
Location
sand
sand
sand
clay

2002 Impact East
2002 Control West
2016 Impact East
2016 Control West
2018 Impact East
2018 Control West

96.76
73.81
84.27
88.78
65.76
65.92

0.56 2.93 0.50
13.57 6.60 6.46
13.94 8.02 5.45
3.84 8.55 4.58
17.62 14.99 14.13
12.90 17.02 9.11

0.12
4.77
6.53
2.11
9.14
8.13

0.07 0.19 0.02
2.65 14.81 13.72
9.90 1.18 1.33
0.78 0.56 0.37
2.44 10.10 1.71
4.01 8.93 1.51

Coral Reef Assessment and Monitoring Program (CRAMP)
In June 2017, a permanent DAR/CRAMP monitoring site was established at Pila‘a and baseline
data taken. This is part of a statewide integrated network of 33 sites on five islands that include
66 stations (Fig. 33) (www.cramp.wcc.hawaii.edu). CRAMP was developed in 1998 in response
to management needs. At that time, there was no long-term widespread monitoring program in
this state. It was vital to get a baseline of what our reefs around the state looked like, to recognize
any changes that may occur, and to identify any impacts that are affecting these reefs. Up to that
time, monitoring efforts in the state were conducted on a piecemeal basis, inconsistently
addressing specific problems in specific places on a project by project basis over short periods of
time by different researchers and managers using different methods, so they were difficult to
compare. Within the first few years, we established long-term monitoring sites that tracked
changes over time and rapid assessment sites to expand the spatial range of habitats and
anthropogenic impacts to optimize the power to detect statistical differences.
These sites span the full spectrum of habitats. We have a geologically recent 1950’s lava flow in
Ka‘apuna, patch reefs in Kāne‘ohe Bay, open coastlines and almost any other reef habitat found
in the Hawaiian Islands. These sites span the full latitudinal range from near Hawai‘i’s South
Point to the northern Nā Pali coast of Kaua‘i. There are both windward and leeward reefs. There
is a full range of protection status including Natural Area Reserves such as at Āhihi Kīna‘u,
Marine Life Conservation Districts at Hanauma Bay and Molokini, Fisheries Management Areas
and Fisheries Replenishment Areas on the Kona coast of Hawai‘i Island and open access sites
with no other legal protection except what applies to the entire state. The sites also encompass
the full range of natural and anthropogenic impacts including sites along a gradient from nearly
pristine to severely degraded (Rodgers et al. 2015).
The recently established Pila‘a site is an important addition to this suite of sites. This area acts as
a “defacto” marine protected area due to its north facing shore which limits access during winter
months due to high surf and the limited terrestrial access that reduces anthropogenic impacts and
limits fishing activities. Two 100m stations, one on the west side at 2 m depth and one on the
east side at 1 m depth, are permanently marked with 3/8” stainless steel pins to relocate the 10
randomly selected 10 m transects.
Seven species of corals were recorded from the east transects while eight species were reported
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from the west. Pocillopora meandrina, Pavona varians, P. compressa, Montipora capitata, and
M. patula were found in both sectors. Cyphastrea ocellina and Pocillopora damicornis was
found exclusively in the east while Pavona duerdeni and Porites lobata were recorded
exclusively in the west. A species list conducted in 2017 reported 18 species of corals throughout
the reef flat. These are often overlooked in photo analysis programs that determine a small area
through random point generation and underrepresent cryptic and small species. Mean coral cover
at the east station in 2018 was 1.9%, slightly higher than last year (1.7%) but was not statistically
different. Coral cover on the 10 transects in the east ranged from 0.19 to 4.57%. The west station
had significantly higher coral cover than the east (5.0%) ranging from 3.09-8.95%. Coral cover
in the west in 2017 was slightly higher (5.7%) than in 2018 (5.0). These stations were selected
for their representation of the larger area which exhibits low coral cover on the shallow reef flat.
The 2017 KAHU transects show similar cover at the east at 2.10% (n=25) with the west slightly
lower than the CRAMP transects at 3.34% (n=26) due to the location of the CRAMP station
located further to the west. P. compressa, M. patula, and M. capitata were the dominant corals at
both stations.
While no widespread coral bleaching occurred statewide, bleaching was highly visible on the
shallow reef flat at Pila‘a nearly exclusively for the Montipora genus. On the east side at the 1 m
site, 16.5% of corals were bleached while at the west 2 m site 10.0% bleaching occurred. M.
capitata had a higher percentage of bleached corals (average 9.9%) than M. patula (1.8%).
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Figure 33. The Hawai‘i Coral Reef Assessment and Monitoring Program’s permanent network of sites
throughout the main Hawaiian Islands. Directions of arrows show increase or decrease in coral cover
since 1999. The size of the arrow is related to the size of the change in coral cover. The solid arrow
indicates statistical significance, while hollow arrows are sites that have non-significant changes. The
most recent Pila‘a site was established in 2017.

DA/CRAMP Sediment
In 2017, four samples were collected at the East (n=2) and West sites (n=2) to determine a
baseline for further monitoring however, the sample size and spatial area is not large enough to
represent the entire reef flat. Samples collected in 2016 and 2018 cover a larger spatial area and
are described in detail in the previous Sediment section.
Organics found in the East (3.5%) and West (2.8%) were within the other Kaua‘i DAR/CRAMP
sites range (3-4%) (Table 20). High carbonate percentages were found in both East (94.6%) and
West (96.0%). Statewide values for CaCO3 from the DAR/CRAMP sites are also within the
range of values at other Kaua‘i sites.
Table 20. Site averages (%) of sediment grain size (coarse sand, medium sand, fine/very fine sand and
silt/clay) and sediment composition (organic, carbonate and terrigenous) in percent of total for
DAR/CRAMP sites on Kaua‘i.
c/vc
med
f/vf
silt/clay Organic CaCO3 Terrigenous
Kaua‘i CRAMP
sand
sand sand
Hanalei 3m
46.30 51.49
1.99
0.23
3.79
79.14
17.08
Hanalei 10m
1.38 54.82 42.66
1.14
4.07
70.45
25.48
Limahuli 3m
46.64 46.22
6.70
0.45
3.27
74.83
21.90
Limahuli 10m
11.12 74.94 13.15
0.78
3.28
72.63
24.10
Milolii 3m
97.15
1.57
1.11
0.17
3.15
89.68
7.17
Milolii 10m
87.64
8.79
3.08
0.49
3.13
89.87
7.00
Nualolo Kai 3m
77.63 17.96
3.42
1.00
3.80
53.54
42.66
Nualolo Kai 10m
98.51
0.77
0.59
0.13
3.53
82.90
13.56
Poipu Ho'ai 10m
86.94 10.77
1.97
0.32
3.11
93.24
3.65
Poipu Ho'ai 3m
34.27 60.59
4.95
0.18
2.64
92.63
4.73

Algal and Octocoral Surveys
Asparagopsis taxiformis
Limu kohu (Asparagopsis taxiformis), a culturally important algae used for food in Hawai‘i, has
been anecdotally noted as abundant in the past at Pila‘a (Clark 1990), with communities
traditionally harvesting the algae during the winter season (Fig. 34). Clark (1990) describes the
east Pila‘a reef flat as “one of Kaua‘i’s famous limu kohu harvesting sites.” Following the
devastating sedimentation event in 2002, anecdotal sources report near elimination of this
resource (pers com C. Andrade 2017). A comprehensive species surveys in 2017 confirmed this
observation, reporting A. taxiformis completely absent in the impacted East and extremely rare in
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the unimpacted West (Rodgers et al. 2017). However, this survey was conducted in the summer
months and seasonality of this species requires surveys during winter months. Reconnaissance
surveys were also conducted in the spring during the month of March 2019 with similar results to
the summer surveys. Since A. taxiformis was found in small quantities only in the west where
higher water motion occurs, and community input reports higher abundance in the surf zone
(pers com C. Andrade 2018), a qualitative reconnaissance survey was conducted in 2018 of the
outer edge of the East reef flat exposed to heavy surf. Although some A. taxiformis was reported
in this region, abundances were low. A. taxiformis images were supplied by a community
member (Pelika Andrade) showing high populations in May of 2018 in select regions of the reef
flat (Figures 34,35,36).

Figure 34. Asparagopsis taxiformis found in large quantities on the Pila’a reef flat in May 2018 shows
the seasonality of this alga.
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Figure 35. Asparagopsis taxiformis found near the edge of the reef flat near the surf zone in Pila’a in May
2018.
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Figure 36. Sarcothelia edmonsoni, Asparagopsis taxiformis, and Chrysophyta algae surveys
abundance and distribution at Pila‘a reef, Kaua‘i during July 2018.

Chrysophyta
The golden-brown algal (Chrysophyta) abundance shifted dramatically between 2016 and 2017
at Pila‘a (Figs. 22 & 37). This may be due to the seasonality of many of the Hawaiian algae or
the fluctuation in freshwater input onto the reef flat (pers com C. Smith 2016). The percentage of
Chrysophyta declined from 12.8% in 2016 to 0.5% in 2017 (Rodgers et al. 2017). Chrysophyta
was found in low percentages (2.8%) in 2016 on the western sector transects and was completely
absent in 2017. Severe flooding in April 2018 prompted this comprehensive survey of
Chrysophyta to determine an abundance gradient from freshwater discharge and the
intermittence of populations. The 2018 survey shows highest abundance in the East (Fig. 36).
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Figure 37. The Golden-brown Chrysophyta algae was abundant in East Pila‘a, Kaua‘i.

Sarcothelia edmonsoni
Sarcothelia edmonsoni, the Blue Octocoral (Fig. 38), was abundant on the east side of the
channel in the previously impacted region in 2016, demonstrating a similar pattern as
Chysophyta (Fig. 35). This blue octocoral is an endemic species found only in the Hawaiian
Islands and can range in color from a light blue to a purple or brown depending on the number of
skeletal plates in the body wall. The brown morph can be found in calm lagoons on the
windward sides of islands while the blue coloration can be found in high wave energy
environments on forereefs as at Pila‘a. S. edmonsonii has been reported to be indicative of areas
impacted by anthropogenic stress (Walsh et al., 2013). In West Hawai‘i, a high concentration of
this species has been reported from Honokōhau Harbor and Kailua Bay, both heavily impacted
by human populations. Octocorals have also been indicated as a sign of pollution in studies
elsewhere (Hernandez-Munoz et al. 2008, Baker et al. 2010). The 2018 comprehensive survey
included this species to assist in providing links to system recovery and contaminated conditions.
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Figure 38. Sarcothelia edmonsoni, an octocoral endemic to the Hawaiian Islands.

Results/Discussion
Algae/Octocoral surveys
A. taxiformis was not found in any of the sectors, however, during the surveys along the outer
reef edge, two stalks of limu kohu were found floating in the water detached from the substrate
(Fig. 34). A. taxiformis is usually found in intertidal to subtidal zones with constant water
motion. While no limu kohu were found on the reef flat, populations may be located at the
forereef where waves break onto the reef, which was inaccessible at the time. The outer break is
a suitable habitat for A. taxiformis, as there is strong water motion and surge. A community
report of high abundance of this alga in may of 2018 in shown in Figs. 34 and 35.
An unidentified golden-brown Chrysophyta algae (Fig. 36) was abundant in the east in 2016
surveys (13%) with lower abundances in the West (3%) (Rodgers et al. 2017). In 2017,
Chrysophyta populations dropped dramatically, covering only 0.5% of benthic cover in the east,
and was completely absent in the west (Rodgers et al. 2018). Dr. Celia Smith, a University of
Hawai‘i phycologist, analyzed a sample collected in 2016, and found several microscopic algae
within the mass including cyanobacteria and diatoms. Many studies have shown that diatoms
have a strong potential for use in water quality monitoring. They can be an indicator of
submarine groundwater flows, and blue-green cyanobacteria may also be spring related (Padhi et
al. 2010). Several studies around the world have also shown that certain species of cyanobacteria
and diatoms have positive relationships with nutrient concentrations, and can be indicative of
pollution, supporting the use of these phytoplankton as water quality indicators in rivers, lakes,
and coastal waters (Jaanus et al. 2009; Triest et al. 2012; Walsh et al. 2018). As a result of the
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heavy rains and flooding that impacted the north shore of Kaua‘i in April 2018, it was predicted
that Chrysophyta may show a resurgence in abundance.
In 2018, Chrysophyta was more abundant in the east than in the west. Chrysophyta was also
more abundant in the east in 2016, with a frequency of occurrence on 73% of transects in the east
and 31% in the west. Distribution of this golden-brown algae was more concentrated nearshore
in 2016, differing from 2018 surveys in which tufts of this algae occurred in patches
concentrated off-shore (Fig. 36). While a few patches of Chrysophyta were found in the west,
percent cover in the three sectors surveyed were less than 0.01%, while KAHU transect surveys
did not detect any Chrysophyta. CoralNet benthic analyses in 2018 KAHU surveys showed that
Chrysophyta distribution in the east contributed to only 0.6% of benthic cover, similar to surveys
the previous year. The entire reef flat may have been exposed to freshwater at low tides from a
thick lens floating on the seawater. The calculated depth of exposure includes the entirety of the
reef flat. Extrapolating from the 2014 Kāne‘ohe Bay freshwater kill event (Bahr et al. 2015) data,
an estimate of the depth of the freshwater lens at Pila‘a (141 cm or 4.6’) and the depth of
possible impact (34.4 feet or 10.5 m) was made using the rainfall, freshwater depth and zone of
impact data. This is supported at nearby Hā‘ena, Kaua‘i. Urchin populations in 2018 remained
stable at depths greater than seven meters while urchins at shallower depths suffered large
declines. The increase of Chrysophyta from 2017 to 2018 in the east suggests that nutrient and
freshwater input has increased. The changes to off-shore distributions may imply interspecies
competition with Sarcothelia edmonsoni.
Sarcothelia edmonsonii (Blue Octocoral) was abundant in the east based on field observations in
previous years, however, the soft octocoral was recorded on only two transects in 2016, and in
2017 no S. edmonsonii were recorded. In 2018, S. edmonsonii was also more abundant in the east
as compared to the west. Percent cover was less than 0.01% in the surveyed west sectors, while
in the east, patches of the octocoral were clearly dominant in nearshore areas (Fig. 36). CoralNet
benthic analyses of KAHU transects in the west did not detect any of the blue octocoral in 2018,
however, S. edmonsoni was the most abundant coral found in the east and comprised 20% of
total coral cover. S. edmonsoni can range in color from light blue to purple or brown as a result
of the number of sclerites in the body wall (Fig. 38). Taxonomy is unclear, as some suggest that
the blue and brown morphologies are actually separate species. The brown morphology has been
described to be most common in calm lagoons on windward sides of the main Hawaiian Islands,
while the blue morph can be found in areas with heavy surf and high water flow (Walsh et al.
2013). This agrees with our observations at Pila‘a reef. The brown morphology was only seen
mainly in East Pila‘a, concentrated in nearshore areas where there is little water motion. The
blue/purple coloration was recorded in small quantities in the west where there is higher water
motion, and the blue octocorals were also found along the outer fore reef in heavy surge and
wave action (Fig. 39). S. edmonsonii is suggested to be indicative of areas impacted by
anthropogenic stress and other pollution (Walsh et al. 2013; Baker et al. 2010; HernandezMunoz et al. 2008). Blooms of octocorals have been recorded on the Kona coast of Hawai‘i near
heavily impacted and developed areas and are capable of overgrowing and smothering other
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corals. The distinct boundaries of S. edmonsoni and Chrysophyta populations suggest
interspecies competition, as Chrysophyta was not seen in nearshore areas where the octocoral
was abundant. Octocorals may be a strong competitor and an indicator of pollution along with
Chrysophyta. Higher abundances of S. edmonsonii and Chrysophyta in East Pila‘a suggest that
the east division may be more strongly impacted by freshwater input and nutrients than the west,
and is still in the process of recovery from illegal land grading and mudslide events from the
mid-1990s to late 2001. Further research should be conducted in order to track spatial and
temporal changes of S. edmonsoni and Chrysophyta at Pila‘a.

Figure 39. Brown and blue/purple color morphologies of Sarcothelia edmonsonii found at Pila‘a reef,
Kaua‘i.

Temperature Data
To relate any changes to fish and benthic populations since the earlier surveys in 2017, eight
temperature gauges were deployed in July 2017 (see Methodology for details). Only two Onset
Pro v2 temperature loggers were retrieved and downloaded (Fig. 40). This model has an accurate
operational maximum to 50oC. GPS coordinates and triangulations were recorded to relocate the
loggers. These gauges recorded temperature at 30-minute intervals. One logger was located in
the East and one in the West. The East logger was found to be defective and returned to Onset
for data retrieval. However, only 10 days of data in June 2017 were recoverable. These
temperatures ranged from 25.52 oC to 28.24 oC. These were comparable to the temperatures in
the West during the identical time period from June 20-29, 2017 (28.02-25.89 oC). Temperatures
in the West ranged from a minimum of 22.25 oC in March to 28.69 oC periodically in the summer
months from June through September. Widespread bleaching of the coral of the genus Montipora
was observed in July of 2018 on the Pila‘a reef flat (Fig. 41). The temperature data do not show
temperatures high enough to cause bleaching. No widespread bleaching was observed during
2018 throughout the State. Jokiel and Coles (1990) determined the bleaching threshold for
Hawaiian corals at 29-30oC, a 1-2°C increase above upper summer maximums (Jokiel 2004).
Thus, the observed bleaching was likely attributed to the unprecedented flooding that occurred in
April 2018 on the north shore of Kaua‘i in concert with the low tides on the shallow reef flat that
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followed. This exposed the corals to extensive freshwater. Reef corals can live under natural
conditions at salinity ranging from 25 to 42 o/oo (Coles & Jokiel, 1992). Reduction in salinity to
15–20 o/oo for a 24 hr period or longer produces a fatal osmotic environment for corals and their
symbiotic algae (Mayfield & Gates, 2007). Such low salinities result in extensive bleaching and
high mortality (Coles & Jokiel, 1992; Jokiel et al., 1993). Freshwater flood events have been
documented in Kāne‘ohe Bay, Hawai‘i during May 1965 (Banner, 1968), during 1988 (Jokiel et
al., 1993) and again during flashfloods in July 2014 (Bahr, Rodgers & Jokiel, 2015) for a
frequency of re-occurrence of approximately 25 years. During the 1965 flood, the freshwater
discharged into the bay in a 24 hr period was calculated to be equivalent to a surface layer of 27
cm over the entire deep enough to incur high mortality at low tides (Banner, 1968). The
reduction in salinity in surface waters resulted in massive mortality of benthic organisms, with
nearly total mortality of corals to a depth of 1–2 m in the nearshore regions. Twenty-three years
later, a comparable storm flood resulted in similar large-scale destruction of the reef flat corals in
shallow (<2 m) water (Jokiel et al., 1993). The frequency and intensity of these flood events may
be increasing.

Figure 40. Onset Pro v2 water temperature data logger placed at eight locations on the inner reef flat at
Pila‘a, Kaua‘i in August 2018.

Figure 41. One of a few coral colonies showing signs of bleaching stress on the West reef flat.

Bleaching is a response to stress that results in the white coral skeleton becoming visible through
the transparent coral tissue giving it a bleached white appearance from loss of color provided by
a tiny single celled alga, zooxanthellae. This symbiotic relationship with zooxanthellae that
provide nutrients to corals is vital to its survival. There has been an increase in sea surface
temperatures that are strongly linked to anthropogenic release of carbon dioxide and other gases
such as methane (Heron et al. 2017) that are linked to bleaching.
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Since the 1980s, regional bleaching events have occurred on coral reefs throughout the world
with increasing frequency and increasing geographic extent. The first massive bleaching event
occurred off Panama in 1983 and was followed by more frequent and severe events throughout
the world (Hughes et al. 2017). One of the largest mass bleaching events occurred in the
Seychelles in the Indian Ocean in 1998 where more than 90% of live coral cover was lost.
Another mass bleaching event in 2005 affected 80% of the coral reefs in the Caribbean and over
40% of corals died. Mortality occurred at reefs across 22 countries. The occurrence and severity
of mass coral bleaching has increased continuously over the past two decades. As a result, almost
every region in the world that has coral, has now suffered extensive stress or coral mortality
(Hughes et al. 2017).
However, while much of the rest of the world was experiencing severe bleaching, Hawai‘i was
spared up until 2014 partially due to its favorable location. Bleaching that occurred in 1996 in
the main Hawaiian Islands and in 2002 and 2004 in Papahānaumokuākea, the Northwestern
Hawaiian Islands, did not result in large-scale mortality (Couch et al. 2016, Bahr et al. 2017). In
2014, warm waters impacted the northern and central parts of the Hawaiian chain affecting
Kaua‘i severely, where over 80% of corals bleached in select north shore regions (DLNR/DAR
2014). Sites were not resurveyed thus, no mortality estimates were made available. In 2015, the
southern and central portions of the main Hawaiian Islands were affected with reports from the
island of Hawai‘i documenting up to 50% mortality in the Kona region. Bleaching was also
reported from Papahānaumokuākea with Lisianski suffering the highest mortality (45%) (Couch
et al. 2016). Although bleaching has been observed from deeper reefs the highest mortality has
been reported from corals in shallow waters. Few signs of bleaching and paling were reported in
2016 (0.01% of total coral cover) or 2017 (Bahr et al. 2017). However in 2017, the Pila‘a reef
flat was heavily impacted. Bleaching in the East (33.5%) was significantly higher than in the
West (22.8%). It will be vital to continue monitoring temperatures and patterns of bleaching,
recovery, and mortality.
Coral Core Evaluations
Results
Coral cores were collected under the Hawai‘i Division of Aquatic Resources Special Activities
Permit # 2018-15. A condition of the coring permit is to evaluate the integrity of the core plug
the following year in 2018.
In 2017, using SCUBA and a submersible pneumatic hand-held drill (Fig. 42), 2.5 cm diameter
cores were collected from coral heads with minimal disturbance to the coral or surrounding
environment following methods described by Prouty et al. 2009.
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Figure 42. Coral coring using submersible pneumatic hand-held drill, 2” diameter cores were collected
from coral heads with minimal disturbance to the coral.

To reduce secondary impacts from the drilling activity (e.g., settlement space for invasive
species) resulting holes were filled with prefabricated Portland carbonate cores to prevent
bioerosion by rock-boring clams, sponges and other destructive organisms, which could
undermine the living coral tissue. From within the sediment-impacted site in the East, four coral
cores (Pila 1, Pila 2, Pila 6, and Pila 7) were collected. In addition, core tops (< 6 cm) from a
dead coral head were collected to estimate timing of mortality. Within the unimpacted site in the
West, two coral cores were collected (Pila 4C and Pila 5C). Intact coral cores were analyzed for
extension (cm/yr), density (g/cm³), and calcification rates (g/cm/yr) at the Woods Hole
Oceanographic Institution Computerized Tomography (CT) Scanning Facility (Crook et al.,
2013). Intact cores were scanned with a Siemens Volume Zoom Spiral Computerized CT
Scanner to reveal the annual growth bands in 3 mm slices (Cantin et al. 2010; Crook et al. 2013;
Prouty et al. 2014; Saenger et al. 2009). The 3-D imaging allows for identification of the
maximum vertical growth axis of the coral, thus revealing the high- and low-density couplets
that constitute each annual growth band (Fig. 43).
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Figure 43. Computerized tomography (CT) scans of upper 20 cm of coral skeletal growth of Pila 4
collected from the control site b. Location of low-density bands (white bands) used for developing coral
chronologies according using coralCT (DeCarlo and Cohen 2015). Variability in density is measured in
“Hounsfield Units” (HU) and typically varies annually as a function of seasonal (e.g., Weber et al. 1975).

Annual linear extension rates were calculated between the high-density bands to determine
growth. The proportion of skeletal erosion by boring organisms was calculated (Fig. 44)
(Barkley et al. 2015; DeCarlo et al. 2015) using coralCT (DeCarlo and Cohen 2016). Coral life
spans were calculated based on annual growth rate and core length. Coral life span for the dead
specimen was determined by comparing bomb-derived radiocarbon (14C) values to reference
bomb-curves from Hawai‘i (Demartini et al. 2017).
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Figure 44. Computerized tomography (CT) scans of Pila‘a coral cores collected in the eastern reef area
impacted by sediment (a. Pila 1, b. Pila 2, c. Pila 6, and d. Pila 7) and in the unimpacted region to the
west (e. Pila 4C and f. Pila 5C). The CT scan images were used to calculate the proportion of the skeleton
eroded by boring organisms (Barkley et al., 2015; DeCarlo et al., 2015) with percent volume erosion (%).

Comparing the average growth parameters over the life spans of the corals reveals a spatial
difference between the impacted sites in the East relative to the unimpacted sites to the West.
Except for calcification rates, all the measured growth parameters (i.e., growth rate, density, and
bioerosion volume) from the sediment-impacted site in the East were statistically different from
cores analyzed at the unimpacted, control site in the West (4C, 5C) (Student’s t test P<0.05).
Compared to the control site, growth rate and density were lower and % bioerosion volume was
higher at the impacted site. Details of results can be referenced in the 2017 Pila‘a report and in
Table 21 below (Rodgers et al. 2017).
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Table 21. Location of coral coring locations from Pila‘a collected in June 2017 and revisited in June
2018. Coral growth parameters (average±SD) quantified by computerized tomography (CT) for growth
rate (cm yr-1), density (g/cm), and calcification rates (g cm/yr), percent volume erosion (%) based on
DeCarlo et al. 2015, and lifespan (years).

Coral Core Reassessments
Coral cores placed in the summer of 2017 were revisited in the summer of 2018. All colonies
except for dead colony (#3) were relocated and assessed for integrity (n=7). All plugs were intact
and all except one show coral margin overgrowth. Refer to Table 16 and Figure 44 for GPS
location, species, and size.
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Figure 45. Map of coral colonies sampled in June 2017 and reassessed in June 2018 to determine growth,
density, calcification, erosion, and lifespan differences between reef impacted by sedimentation and an
adjacent unimpacted site. Size of graduation bubbles relate to colony size.

Colony #1 Description
This colony core is located at the top of the colony (2.1 x 2.1 x 1 meters) and difficult to locate.
Historical coral mortality on the west side. Core plug (5 x 7 cm) covered with turf algae. Plug
overgrowth occurring by branching of surrounding live coral (Fig. 45).

61

Figure 46. Porites lutea colony #1 located on the east reef flat where sediment impact occurred in early
2000’s. Left panel shows large colony scale while panel on the right focuses on the coral core condition
(overgrowth and size).

Colony #2 Description
Colony #2 has two holes with thick sediment sitting on top of the plugs. The west hole is 5 x
6cm and the east hole is 6 x 5cm. The colony size is 1.9 x 1.1 meters x 55cm. Margin overgrowth
has initiated (Fig. 46).

Figure 47. Porites compressa colony #2 located on the east reef flat where sediment impact occurred in
early 2000’s. Left panel shows large colony scale while panel on the right focuses on the coral core
condition (overgrowth and size) of two adjacent cores.

Colony #3 Description
Colony #3 was not assessed because this specimen was not alive at the time of coring thus, no
growth parameters are included in Table 16.
Colony #4 Description
Colony #4 has the hole located at the top. Fish grazing marks are apparent throughout the coral
colony (2.8 x 2.7 x 1.5 meters) A Pocillopora meandrina colony has recruited to the middle of
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the colony. The core plug (7.5 x 8 cm) is covered with turf algae with a small lip and opening
under plug on the east side. No coral overgrowth is apparent (Fig. 47).

-

Figure 48. Porites lobata colony #4 located on the west reef flat where no sediment impact occurred. Left
panel shows large colony scale while panel on the right focuses on the coral core condition (overgrowth
and size).

Colony #5 Description
The core hole is located at the top of the colony. Some trematodiasis is visible throughout colony
(1.2 x 1.3 x 0.75 meters). The plug (6x8 cm) is covered with turf algae. Margin overgrowth by
coral is evident (Fig. 48).

Figure 49. Porites lobata colony #5 located on the west reef flat where sediment no impact occurred. Left
panel shows large colony scale while panel on the right focuses on the coral core condition (overgrowth
and size).

Colony #6 Description
Colony (70 x 83 x 65 cm) appears robust however, little coral overgrowth was reported over the
plug (6.5 x 5.5 cm) that is covered with turf algae and sediment (Fig. 49).
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Figure 50. Porites lobata colony #6 located on the east reef flat where sediment impact occurred in early
2000’s. Left panel shows large colony scale while panel on the right focuses on the coral core condition
(overgrowth and size).

Colony #7 Description
Colony (1.3 x 1.4 x 0.66 meters) has areas including plug (8 x 7 cm) that are covered with
sediment and turf algae. However, the margins of the plug show coral overgrowth (Fig. 50).

Figure 51. Porites compressa colony #7 located on the east reef flat where sediment impact occurred in
early 2000’s. Left panel shows large colony scale while panel on the right focuses on the coral core
condition (overgrowth and size).

Qualitative Assessment of Changes due to Flood Event
A reconnaissance of the entire reef flat was conducted to determine any widespread changes due
to flooding. Fine-grained sediment was qualitatively assessed by resuspending handfuls of sand
in the water column. Regions near stream input and nearshore areas contained considerably more
sediment than sections farther from stream mouths. No sediment film was detected on coral
colonies. Corals of the genus Montipora show signs of extensive bleaching. This is likely
attributed to large levels of freshwater input where less dense freshwater floating on seawater
contacts corals at low tide. The temperature logger retrieved did not show an increase in
temperature that would cause this level of bleaching.
64

Coral reefs are vulnerable to storm flooding events, especially in shallow waters due to a
reduction in salinity, such as the April 2018 extensive flooding that occurred on the north side of
Kaua‘i (Banner, 1968; Jokiel et al., 1993). Flash floods are known to be intense, short in duration
and fairly common in the Hawaiian Islands. Although the air humidity contains enough water to
produce heavy rains, flash floods are typically associated with upper-level forcing (Jokiel, 2006).
Flooding frequently occurs when convective cells form and are strengthened by orographic
effects that anchor them against high-vertical relief mountains. These flood events are occurring
more frequently with higher intensities due to climate change.
2019 Research Activities
● In July 2017, coring of large coral colonies commenced to determine the sediment history
of this area. Seven cores in the East and two cores in the West will be relocated to
continue to document the stability of the coral plugs and any coral regrowth.
● As in previous years, 50 KAHU’s are planned for June 2019 on the reef flat to compare
fishes and benthic population changes across years and between sites.
● Recruitment arrays were deployed (n=15) in June 2017 and July 2018 to quantify and
compare coral larval recruitment. These arrays will be retrieved and replaced with new
sets to look at annual recruitment variability.
● Temperature loggers will be downloaded and replaced. These data will be linked to
quantified bleaching on transects and other environmental factors.
● A CRAMP site was established in June 2017 and resurveyed in July 2018 on the east and
west reef flat to complement the other five Kaua‘i locations. Resurveys will include fish
surveys and benthic photos.
● A distribution and abundance survey was conducted for Chrysophyta and Asparagopsis
algae, and the octocoral Sarchothelia edmonsoni in July 2018. S. edmonsoni will be
resurveyed in June 2019 to determine change since the flood event in April of 2018.
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