Project Title: Volunteer Reef Fish Monitoring in the Florida Keys National Marine Sanctuary: 1994 -
2001

Researchers. Reef Environmental Education Foundation (REEF) staff and Advanced Assessment Team

Survey Method: The Roving Diver Technique (RDT) isanon-point visud survey method specificaly
designed to generate a comprehensive species list dong with frequency and abundance estimates. During
RDT surveys, divers swim fredly throughout a dive Site and record every observed fish pecies. At the
conclusion of each survey, divers assign each recorded species one of four log;o abundance categories
[sngle (1); few (2-10), many (11-100), and abundant (>100)]. Following the dive, each surveyor records
the species data dong with survey time, depth, temperature, and other environmenta information on a

REEF scansheet. The scanshests are returned to REEF, and the data are loaded into the REEF database that
is publidy-accessible on the Internet a hitp://www.reef.org.

As part of the Florida Keys Nationa Marine Sanctuary (FKNMS) Zone Performance Monitoring (ZPM),
REEF was contracted to collect reef fish data. This project supports ateam of REEF s most experienced
surveyors, the Advanced Assessment Team (AAT), to annudly survey 37 Stesin the, including 12 SPAS, 3
Research Only stes, 1 Ecologica Reserve, 10 sitesin the Dry Tortugas ER area, and 10
comparison/reference Stes. A minimum of Sx RDT surveys were conducted at each site. These datawere
collected during a series of cruisesin October, and complemented REEF s Fish Survey Project, a continua
volunteer monitoring project that involves REEF volunteers conducting RDT surveys during their regular
diving activitiesin the Horida Keys. Thefidd season of 2001 was the fifth year that the AAT has
monitored most of these Stes and the eighth full year of REEF volunteer data collection in the Sanctuary.

During the 2001 REEF FKNMS ZPM, 473 RDT surveys were conducted by the REEF AAT, documenting
246 fish species. Between 1997 and 2001, 62 AAT members participated in REEF s FKNMS zone
monitoring program, contributing 1,626 surveys. Through REEF s ongoing program, atota of 1,329 REEF
volunteers have conducted 9,807 surveys from 311 stesin the FKNM S and have documented 415 fish
Species.

Findingsto Date: Thisreport summarizes all REEF data (Expert and Novice) collected at the 27 Zone
Performance Monitoring Stesin the FKNMS between 1994 and 2001 (the Dry Tortugas Sites are not
included). Table 1 ligts the Sites included, dong with the level of protection (if any) granted in 1997 and
annud REEF survey effort.

To estimate richness and evenness at each Site, species accumul ation curves were generated based on a
sandardized sample size of 23 Expert REEF RDT surveys using randomized sampling (Table 2). The data
were fit to an asymptotic hyperbola usng maximum likeihood to estimeate the parameters for the Michadlis-
Menten equation. The asymptote and the dope of the curve estimated site-level richness and evenness,
respectively. This method dlows for the estimation of diversity despite differencesin survey effort among
dgtes. Thisandysswas adapted from Semmens et d. (in prep). The inclusion of only REEF Expert datain
this particular analysis was done to minimize the effect of gpecies misdentifications. Sites that exhibited

the lowest richness (the Newfound Harbor sites, Cannon Patch, Cheeca Rocks, and Delta Shoals) are all
inshore patch reef stes. Inal but four of the sixteen no-take/reference Site pairs, the no-take sites had
higher richness than the open reference Site (see previous REEF Annual Reports for aligting of no-
take/reference dite pairs). A more complete GIS andysis of the FKNM S reef fish diversity, induding how
diversty may be associated with a variety of natural, anthropogenic, and environmentd variablesis
currently being conducted (Semmens et d. in prep).
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The basic datigtic generated by REEF data is the abundance score, whichis aweighted average of the
abundance categories reported for each species combined with non-sightingst. The trends in abundance
score between 1994 and 2001 for the top 75 species documented at ZMP Sites were estimated. To generate
the trend values, ordind logistic regressions were conducted on each species a each Ste to evauate the

trend in the likelihood of an observer recording an abundance of ether S, F, M, A or absent (Semmens et dl.
2000). The likelihood is based on aregression of the ordina vaues, and the trend is the dope of the ordina
regression line. Thistrend andysisisrobust to the non-norma distribution of the categorica dataset.

The trend analysis highlighted severa Stesthat are experiencing declines in amgority of the common

fishes, and severd Stesthat are experiencing increases in amgority of the common fishes. Siteswhere at
least two-thirds (50) of the species declined more or increased less than at other Sites included Grecian
Rocks, Looe Key East, Eastern Sambo, and No Name Reef (Figure 18). Sites where at |east two-thirds of
the species increased more or decreased less than at other sites were Molasses Reef, Conch Resef, Hen and
Chickens, Sombrero Reef, Sand Key, and Newfound Harbor Open (Figure 1b).

There was no significant difference in the mean trends of al 75 species between open and protected Sites.
Thisis not surprising, as one would not expect reserves to produce changes in abundance across dl fishesin
acondgtent manner. Interspecific interactions yield complex community responses and many species may
actualy exhibit short term declines due to trophic cascades and top-down effects. In addition, certain
previoudy harvested species may fail to recover despite reserve designation due to changesin community
sructure, food web dynamics, and/or habitat and physical parameters.

More species changed in abundance at the protected sites than at the open sites. Using aWad test of
sgnificance, the trend vaues of each pecies a each ste were evauated for significance. An dphavaue of
0.10 was used as the significance threshold because, for this site level comparison, we were not interested in
rejecting specific null hypotheses regarding speciestrends. Rather, we wished to identify those non-zero
dope vaues that were “reasonably believable’. Twelve of the 27 sites exhibited significant trends (postive
or negative) in at least haf of the 75 species (Table 3). A mgority (9) of those Stes were protected as no-
take in 1997.

In an effort to pinpoint specific species that appear to be doing exceptionaly well or poor, patternsin the
dopes of the gpecies trends (pogitive or negative) were evauated. The following speciesincreased between
1994 and 2001, defined as posditive trends in at least half (14) of the 27 sites — saddled blenny, beaugregory,
bridled goby, colon goby, goldspot goby, black grouper, redtail parrotfish, and bluehead wrasse. The
following species appear to be in genera decline, defined as negative trends in at least hdlf of the Stes—

rock beauty, smooth trunkfish, dusky damsdfish, sharpnose pufferfish, ocean surgeonfish, and trumpetfish.
Possible contributing factors to the generd increase in the three sand/rubble- dwelling gobies (bridled, colon,
and goldspot; Figure 2a) are the increase in sand/rubble areas from the hurricanes of 1998 and 1999, the
increase in turf dgae at many locations, and/or a decrease in predators. The decrease in mean abundance
score of trumpetfish beginning in 1998 is shown in Figure 2b. One possible explanation for this decrease
could be the dight decrease in octocord cover reported by the EPA/FKNMS CRMP study, as trumpetfish
often use octocords for camouflage habitat. The decline in rock beauty was evident at dl but afew Stes,
but rock beauty at protected sites decreased dightly less than at open sites (Figure 2¢). The other common
angdfishes (gray, French, and queen) exhibited little change in mean abundance. A likdly cause of this
change in rock beauty is harvesting for the aguarium industry, asjuvenile rock beauty are one of the most
collected fish speciesin the FKNMS,

L abundance score = [(nsXD)HNpx2)+HNnux3)+(nax4)] / (ns+ nNe + Ny +na) * percent sighting frequency, where n is the number of
times each abundance category was assigned
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Of five targeted species (black grouper, hogfish, mahogany snapper, yellowtall snapper, and gray snapper),
only gray snapper had sgnificantly different trend val ues between protected and unprotected Sites (one way
ANOVA, p=0.003). Thedifferencein trend values between protected and unprotected sites was marginaly
sgnificant for hogfish (one way ANOVA, p=0.065). The mean annua abundance score vaues for the three
snapper species and hogfish, based on dl 27 sites, generdly increased or remained unchanged from 1994
through 2002 (Figure 2d). As stated earlier, black grouper had postive trend values a a mgority (20) of the
gtes and exhibited dramatic increases in mean abundance score and sghting frequency across dl Stes
(Figure 3). Exceptions were Grecian Rocks and Cannon Petch, where black grouper exhibited satistically
sgnificant (p=0.041 and 0.012, respectively) annua decreases in abundance score between 1994 and 2001.
While not atop 75 species, the sighting frequency of red grouper was dso evauated. This species was
rarely encountered between 1994 and 1996, but has steadily increased since 1997 (Figure 4).

Future Plans. The REEF ZPM project in the FKNMS has generated annua data by REEF expertsin the
protected and reference areas. Whiletheinitial 5-year project recently hasbeen completed, REEF plansto
continue this annual monitoring effort and conducted ancther round of monitoring in September 2002.

REEF will dso continue to endble dl diversto participate in its volunteer Fish Survey Project in the

FKNMS. Inthe coming year, REEF will continue our partnership with NOAA'’ s Biogeography Officeto
use the REEF database and the FKNM S Benthic Habitat database to investigate fish habitat relationships, to
map species didributionsin the FKNMS, and to evauate the effect of the zones by andyzing shiftsin
assemblage composition over time (Jeffrey et al. 2000). In late 2001, a baseline assessment of the proposed
Dry Tortugas National Park zones was completed (REEF 2002). In 2002, several new projects were
initiated, including 5-year monitoring projects of the Wellwood restoration and the Spiegel Grove REEF
daff are dso currently working with Dr. Tom Gillespe (UCLA Geography Department) on severd analyses
using REEF FKNMS data.
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Table 1. REEF survey effort by location and by year. Effort includes all Species and
Abundance RDT surveys conducted during daylight hours (after 7am and before 8pm)
greater than 20 minutes in length.

REEF Survey Effort
Location Protectio 1994 1995 1996 1997 1998 1999 2000 2001
Ball Buoy Reef Open 0 0 0 7 5 14 13 14
Grecian Rocks SPA 27 17 26 30 10 43 74 60
Carysfort Reef SPA 17 18 0 8 10 21 23 17
Molasses Reef SPA 31 28 20 47 84 125 8 214
Little Grecian Open 1 10 3 13 7 10 15 10
South Carysfort Ree SPA 0 12 14 6 7 15 14 12
Cannon Patch Open 0 0 0 6 16 1 14 21
Pickles Reef Open 1 1 1 25 15 12 36 23
Conch Reef SPA 37 21 7 32 11 19 16 47
Hen and Chickens SPA 23 8 8 19 15 12 12 22
Tennessee Reef Rest RR 34 0 0 16 9 9 8 12
Cheeca Rocks SPA 0 0 0 17 11 9 6 13
Sombrero Reef SPA 87 5 15 20 14 16 13 13
SamanthasLedge Open 38 0 6 13 11 12 15 13
Coffins Patch SPA 35 0 5 6 28 11 10 14
Looe Key East SPA 19 1 0 10 21 19 ) 42
Looe Key Research RR 18 0 0 6 8 13 9 12
Deta Shoals Open 0 0 0 12 6 11 9 11
Newfound Harbor S SPA 0 0 0 6 6 10 17 13
Newfound Harbor O Open 0 0 0 6 6 10 9 12
No Name Reef Open 0 0 0 6 6 10 9 12
Western Sambo ER 40 34 19 7 15 10 14 105
Eastern Sambo SPA 25 18 0 12 9 8 11 20
Sand Key SPA 15 45 11 14 17 11 13 29
Middle Sambo Open 13 18 0 11 9 9 12 20
Pelican Shoals Open 13 16 10 0 0 0 11 24
Western Dry Rocks Open 1 0 0 19 19 16 11 37
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Table 2. Fish species richness and evenness estimates based on
asample size of 23 REEF Expert RDT surveys. Lower B
values indicate higher evenness.

Table 3. The trend values of each species at each
site were evaluated for significance. 12 of the 27
sites exhibited significant trends (postive or
negative; alphavaue 0.10) in at least half of the 75
species evaluated. A magjority (9) of those sites
were protected as no-take in 1997.

M B
Parameter Parameter
Estimate Estimate
L ocation Protection (Richness) (Evenness)
Conch Reef No-Take 167 1.55
Coffins Patch No-Take 167 1.56
Molasses Reef No-Take 166 1.39
Western Dry Rocks Open 165 1.65
Western Sambo No-Take 165 1.58
Eastern Sambo No-Take 165 1.95
Grecian Rocks No-Take 164 1.93
Looe Key East No-Take 162 1.44
Middle Sambo Open 162 1.44
Little Grecian Open 160 1.62
Sand Key No-Take 160 1.52
Carysfort Reef No-Take 159 1.56
No Name Reef Open 156 1.60
Sombrero Reef No-Take 155 157
Pelican Shodls Open 153 1.82
Ball Buoy Reef Open 152 1.40
Samantha's Ledge Open 152 1.40
Tennessee Reef Research  No-Take 151 2.18
South Carysfort Reef No-Take 149 1.44
Looe Key Research No-Take 145 1.85
Hen and Chickens No-Take 145 1.85
Pickles Reef Open 145 1.37
Newfound Harbor SPA  No-Take 140 2.38
Delta Shoals Open 136 131
Cheeca Rocks No-Take 134 212
Cannon Patch Open 131 2.46
Newfound Harbor Open Open 124 2.12

Protection _
(asof July  Proportion

Site 1997) of Species
Sombrero Reef No-Take 7%
Molasses Reef No-Take 68%
Conch Reef No-Take 65%
Looe Key Research No-Take 61%
Samanthas Ledge Open 56%
Pelican Shoals Open 55%
Hen and Chickens No-Take 53%
Coffins Patch No-Take 53%
Sand Key No-Take 53%
Grecian Rocks No-Take 52%
Middle Sambo Open 52%
Eastern Sambo No-Take 51%
Tennessee Reef Research  No-Take 47%
Carysfort Reef No-Take 45%
Looe Key East No-Take 45%
Western Sambo No-Take 43%
Little Grecian Open 37%
South Carysfort Reef No-Take 36%
Pickles Reef Open 36%
No Name Reef Open 35%
Western Dry Rocks Open 29%
Cannon Patch Open 27%
Newfound Harbor Open Open 24%
Cheeca Rocks Open 21%
Delta Shoals Open 21%
Newfound Harbor SPA No-Take 19%
Ball Buoy Reef Open 12%
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Figure 1. Abundance score trend values for the top 75 fish species, based on REEF data from 1994-2001. Species are listed in order of
average dghting frequency . a) Siteswhere at least two-thirds (50) of the species declined more or increased less than at other Stes. b) Sites
where & least two-thirds of the speciesincreased more or decreased less than at other Sites.
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*Figure 1 x-axis: 1-French Angelfish; 2-Gray Angelfish; 3-Queen Angelfish; 4-Rock Beauty; 5-Great Barracuda; 6-Saddled Blenny; 7-Smooth
Trunkfish; 8-Banded Butterflyfish; 9-Foureye Butterflyfish; 10-Spotfin Butterflyfish; 11-Blue Chromis; 12-Brown Chromis; 13-Beaugregary; 14
Bicolor Damselfish; 15-Cocoa Damselfish; 16-Dusky Damselfish; 17-Longfin Damselfish; 18-Sergeant Major; 19-Threespat Damsdfish; 20-Yedloaal
Damselfish; 21-Highhat; 22-Scrawled Filefish; 23-Spotted Goatfish; 24-Y ellow Goatfish; 25-Bridled Goby; 26-Colon Goby; 27-Gddgat Gaby; 28
Masked Goby/Glass Goby; 29-Neon Goby; 30-Black Grouper; 31-Graysby; 32-Bluestriped Grunt; 33-Caesar Grunt; 34-French Grunt; 35-Black
Margate; 36-Porkfish; 37-Sailors Choice; 38-Smallmouth Grunt; 39-Spanish Grunt; 40-White Grunt; 41-Butter Hamlet; 42-Hogfish; 43-Spenid
Hogfish; 44-Bar Jack; 45-Blue Parrotfish; 46-Midnight Parrotfish; 47-Princess Parrotfish; 48-Queen Parrotfish; 49-Reinbow Paratfish; 50-Recberc
Parrotfish; 51-Yellowtail (Redfin) Parrotfish; 52-Redtail Parrotfish; 53-Stoplight Parrotfish; 54-Striped Parrotfish; 55-Shapnose Puffer; 56-Harleqpir
Bass; 57-Gray Snapper; 58-Mahogany Snapper; 59-Schoolmaster; 60-Y ellowtail Snapper; 61-Longspine Squirrelfish; 62- Souimdfish; 63-Blue Tang
64-Doctorfish; 65-Ocean Surgeonfish; 66-Bluehead; 67-Clown Wrasse; 68-Creole Wrasse; 69-Puddingwife; 70-Sippery Dick; 71-Y dlowheed Wrasse
72-Bermuda Chub/Y ellow Chub; 73-Y ellowhead Jawfish; 74-Glassy Sweeper; 75-Trumpetfish

Figure 2. Mean abundance score by year. All sites are combined, unless noted in the ledgend.
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Figure 3. Mean abundance score and sighting frequency by year for black grouper. Sites were grouped by

protection (open vs. no-take).
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