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EXECUTIVE SUMMARY 
  

 The Integrated Biscayne Bay Ecological and Assessment and Monitoring (IBBEAM) program tracks 

and assesses the ecological status of central and southern Biscayne Bay’s shallow nearshore zone. Our 

program goals are to gauge the effectiveness of the system-wide Comprehensive Everglades Restoration 

Project (CERP) and the CERP project closest to Biscayne Bay, the Biscayne Bay Coastal Wetlands (BBCW) 

project.  Biscayne Bay is downstream from the Central and Southern Florida Water Management System 

and, therefore, affected by almost every major structural and operational change in the system under the 

Comprehensive Everglades Restoration Plan (CERP). BBCW is a special CERP project dedicated to 

improving freshwater flow to Biscayne National Park and Biscayne Bay.  BBCW now consists of two phases: 

Phase 1 is currently approved and is designed to improve the spatial distribution of freshwater flow and 

improve salinity conditions to the Bay by diverting portions of canal flow into coastal wetlands to enter 

the bay as sheet flow. 

Four elements make up the IBBEAM Project: (1) water quality (temperature and salinity); (2) 

submerged aquatic vegetation; (3) epifaunal fishes and invertebrates; and (4) mangrove-associated fishes.  

This annual report summarizes time series and spatial patterns in key ecological metrics from these four 

components and provides habitat suitability models (HSMs) for selected ecological indicator biota. 

IBBEAM data collected through calendar year (CYR) 2016 are covered in this report. The study area 

experienced several environmental perturbations within the period CYR 2004-2016 that may have 

impacted the floral and faunal abundance patterns observed in IBBEAM. These include the hypersalinity 

events of the CYR 2004, 2009, 2011, 2014, and 2015 wet seasons, a severe cold snap of the CYR 2010 dry 

season, and an algae bloom during the CYR 2013 wet season. CYR 2016 was remarkable in terms of rainfall 

and the high volume of freshwater discharged into the Bay during the dry season, which resulted in the 

highest mesohaline index values ever recorded during that season. Below, some highlights of results are 

presented by IBBEAM project component. 

 

Water Quality 

Salinity and temperature data are collected every 15 minutes from 6 to 17 nearshore stations for the period 

of record, 2004-2016. Frequency, variability and persistence of mesohaline (5-18) or hyperhaline (>40) 

conditions are the main salinity regime characteristics followed.  The number of salinity stations along the 

shoreline was increased over time to better represent nearshore conditions. 



  

• CYR 2016 was a year of high mesohaline index values, especially during the dry season in the 

central portion of our sampling domain. Mesohaline conditions at salinity monitoring sites D2 and 

D6, downstream from the Deering Estate Flow-way, were not remarkable in Wet CYR 2016, much 

like the previous CYRs 2014 and 2015; however , the two Deering sites—especially D6—stood out 

from other sites in Dry CYR 2016, for improved mesohaline conditions in comparison to CYR 2012.  

This likely was due to the exceptionally high rainfall of Dry 2016, coupled with higher than usual 

Deering Estate pumping. 

 

Submerged Aquatic Vegetation 

The distribution and abundance of Halodule and Thalassia are tracked along the shoreline up to 500 m 

from shore.    

• The 9-year time series of Halodule and Thalassia abundance (occurrence and cover) showed high 

seasonal fluctuations (with peaks in abundance generally in the wet season). The CYR 2010 cold 

snap clearly impacted both Halodule and Thalassia, resulting in a decline in occurrence of both 

species and a shrinking of suitable habitat (proportion of domain with high cover) for both species. 

Habitat suitability recovered within a year for Thalassia and two years for Halodule. 

• Cover of Thalassia was higher in 2016 than in 2015 within inshore habitats, continuing a gradual 

increasing trend recorded since 2014.  Halodule cover was lower in 2016 compared to 2015 and 

continues to exhibit wide year-to-year fluctuations in nearshore habitats.  In habitats away from 

the shoreline, cover of Halodule has remained stable since 2012, while the cover of Thalassia 

continued a declining trend started in 2013, reaching 17% cover, its lowest value in the period of 

record. Syringodium continues to be consistently low (5% cover) throughout our region of study.  

• Habitat suitability models incorporating CYR 2008-2016 data reflect an affinity for low salinity by 

Halodule and high salinity by Thalassia that is reflected in their spatial distribution. 

• Current models suggest that increased mesohaline conditions, a desired target of CERP, will 

increase overall seagrass abundance and support co-dominance by Halodule and Thalassia, which 

may constitute higher quality habitat than homogeneous, single-species beds. 

 
Epifaunal Community 

Distribution, occurrence and abundance of four taxa, goldspotted killifish (Floridichthyes carpio), 

Farfantepenaeus spp. shrimp, gulf pipefish (Syngnathus scovelli), and grass shrimp (Palaemonetes spp.), 

are currently the main foci of this project element. Plotted time series of occurrence and density continued 



  

to show annual and seasonal variation and correlation among abundance metrics.  All focal species except 

Gulf pipefish reached relatively high abundance levels in one or both seasons of CYR 2016.  The lengthened 

time series of data for all four species continued to support statistically significant Habit Suitability Models.  

These models predicted either salinity optima within the salinity range of the data or decreasing 

relationships with salinity across the salinity range.  A summary description of the extended time series 

follows: 

• Goldspotted killifish abundance was highly variable from season to season and year to year within 

season.  Both occurrence and abundance generally increased from CYR 2005 to CYR 2010, but 

declined sharply in the CYR 2011 wet season.  A post-2011 recovery to greater than pre-2011 

levels was followed by a CYR 2016 crash.  

• Gulf pipefish abundance metrics followed a consistent seasonal pattern throughout the CYR 2005-

CYR 2016 period, with no obvious influence of the CYR 2010 cold snap or other perturbations. 

• Penaeid spp. (almost all identifiable specimens were Farfantepenaeus duorarum, pink shrimp) 

abundance metrics were annually and seasonally variable, with highest abundance usually in the 

dry season.  Density was relatively high in both the dry and wet season of CYR 2016, when there 

was little between-season variation.  

• Palaemonetes spp. occurrence and density varied together seasonally and regularly until 2013 

(year of the major algal bloom), after which the seasonal pattern became less regular and the two 

abundance metrics less well related, although both reached their highest values in Dry CYR 2016 

and declined in Wet CYR 2016.   

• Spatial distribution mapping showed no clear patterns of expansion or contraction of the focal 

species. 

• Habitat suitability models revealed that salinity was a significant factor for all four focal epifaunal 

species, (goldspotted killifish, gulf pipefish, Farfantepenaeus and Palaemonetes spp).   

• For focal species occurrence, regression relationships with salinity were parabolic, having a 

salinity optima within the plotted salinity range, for three focal species (goldspotted killifish, gulf 

pipefish, and Farfantepenaeus spp. shrimp). For occurrence of Palaemonetes spp. a negative 

linear decline with increasing salinity emerged.   

• Negative linear relationships with salinity were apparent for seagrass-associated goldspotted 

killifish and Palaemonetes spp. densities, whereas dome-shaped parabolic relationships with 

salinity were apparent for gulf pipefish and Farfantepenaeus densities, suggesting optima within 



  

the salinity range monitored. Halodule cover had a positive influence on abundance of each of 

the four focal species. 

• Salinity optima suggested by the parabolic relationships (occurrence and density) were about 23 

for gulf pipefish, 20 for penaeid shrimp, and 18 for goldspotted killifish; however, the near-

flattened tops of the occurrence parabolas for both goldspotted killifish and penaeid shrimp 

suggested wide mid-range tolerance within the relevant salinity spectrum. 

  

Mangrove Fish 

Distribution and abundance of three fish taxa associated with mangroves, goldspotted killifish 

(Floridichthys carpio), gray snapper (Lutjanus griseus) and yellowfin mojarra (Gerres cinereus), are 

currently the main foci of this project element. 

• The time series for mangrove-associated goldspotted killifish suggested an overall, general decline 

from CYR 2006 through CYR 2015.  However, possibly as a result of the unprecedented increases 

in mesohaline conditions during the CYR 2016 dry season, this declining trend was broken with 

relatively high occurrence and density values emerging during both seasons of that year.  

• The temporal trajectory of mangrove-associated gray snapper shifted from a slightly negative 

trend from CYR 1998 - 2005 to a markedly positive trend thereafter. Occurrence and abundance 

values for this species during 2016 are among the highest observed in our period of record. 

• Yellowfin mojarra abundance trajectories were highly variable from CYR 1998-2010. The CYR 2010 

cold snap appeared to have a major negative impact on this species. Thereafter, yellowfin mojarra 

abundance has gradually increased. Occurrence and abundance values for yellowfin mojarra 

during 2016 are among the highest observed in our period of record. 

• Spatial distribution mapping, comparing CRY 2016 wet and dry data to previous years, revealed: 

high densities of goldspotted killifish along Biscayne Bay’s entire southern mainland shoreline; 

patterns of gray snapper density-distribution within the 2008-2015 averages; and high 

abundances of yellowfin mojarra especially in the “canal zone” (Black Point to Turkey Point). 

• Parabolic abundance-salinity relationships for mangrove-associated goldspotted killifish and 

yellowfin mojarra emerged with maximum abundances at intermediate (20-25 psu) salinity levels. 

In contrast, gray snapper habitat suitability was positively linear correlated with salinity. 

 

 

 



  

Deering Estate Analysis 

The Deering Flow-way/Cutler Slough Rehydration Project (Deering Project), located adjacent to Biscayne 

Bay’s western shoreline, directs seasonal water flow into a former freshwater wetland by means of a spur 

canal and pumping station. To gauge this project’s local impact, if any, on nearshore salinity, we performed 

a detailed analysis with a focus on Mesohaline Index changes at WQ Site D2.  (For rationale, see Addendum 

1 to the IBBEAM 2014 Annual Report)   

• The analysis of change across years detected an improvement in mesohaline conditions at WQ 

site D2, downstream from the Deering Estate restoration project, compared to other sites, in CYR 

2013 Wet, compared to CYR 2012 Wet.  Comparison of the same two periods at other sites 

indicated that the change at D2 was independent of widespread change due to rainfall. 

• Mesohaline Index values at D2 have been consistently low since the site was first instrumented in 

2011. Evidently, pumped flows have been too low to have appreciable salinity effects on 

nearshore habitats.  

 

With continued monitoring, IBBEAM has demonstrated that its chosen set of taxa are displaying 

consistent responses (in terms of change in abundance indices) to changes in salinity and other aspects of 

the environment. This indicates that the habitat suitability relationships IBBEAM has developed for these 

species are robust.  Continuing data collection by IBBEAM is warranted and necessary for defining 

ecosystem restoration targets and judging the performance of indicator species in those bay habitats 

where CERP impacts are likely to be strongest. Habitat suitability relationships developed in IBBEAM 

provide robust tools for predicting outcomes of different freshwater inflow/salinity field scenarios in 

terms of suitable habitat gained or lost. IBBEAM is the best option for gauging CERP performance in 

Biscayne Bay because of its shoreline coverage, expanding time series and statistically well-supported 

ecological indicators.  To date the restoration efforts have not made appreciable improvements to 

nearshore salinities; however, when those changes do occur, we expect the selected IBBEAM indicators 

to respond accordingly. 
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1. INTRODUCTION  

 The Integrated Biscayne Bay Ecological Assessment and Monitoring program (IBBEAM) combines 

four elements: Salinity Monitoring Network (3.2.3.3), Nearshore Submerged Aquatic Vegetation (SAV) 

(3.2.3.3), Alongshore Epifauna (3.2.4.7), and Mangrove Fish (3.2.3.6), funded by the Comprehensive 

Everglades Restoration Plan (CERP) Restoration Coordination Verification (RECOVER) Monitoring and 

Assessment Plan (MAP) Southern Coastal Systems (SCS) Module.  

IBBEAM is designed to: (1) fill knowledge gaps about southwestern Biscayne Bay’s nearshore biota 

that may be affected by CERP implementation and (2) provide a scientific basis for the development of a 

suite of ecological performance measures for assessment and use in adaptive management.  It addresses 

RECOVER objectives at the system-wide scale and Biscayne Bay Coastal Wetlands and C-111 Spreader 

Canal project objectives at the local scale.  At both scales, an ecological goal of CERP is to restore, along 

the southwestern shoreline of Biscayne Bay, the historical diversity and abundance of submerged aquatic 

vegetation (SAV), fish, and invertebrate communities associated with mesohaline habitat (5-18 salinity 

units). Establishment of a salinity regime that maintains appropriate nearshore SAV and mangrove 

habitats and supports both resident and transient faunal communities over a broad spatial and temporal 

extent is a prerequisite to successful estuarine restoration as identified by CERP and the National Park 

Service (NPS).  Healthy, heterogeneous SAV and mangrove habitats provide shelter and food for fish and 

invertebrates as well as direct benefits to water quality and the stabilization of substrate and shorelines.  

IBBEAM provides the following metrics and tools to facilitate evaluation and assessment of water 

management changes by CERP with respect to successfully achieving estuarine conditions:  

• Frequency and duration of mesohaline conditions 

• Frequency and duration of hyperhaline events 

• Frequency of high variation in salinity 

• Seagrass occurrence and cover 

• Faunal abundance trajectories 

• Relationships of biological variables to salinity and other habitat factors (i.e., Habitat Suitability 

Models). 
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IBBEAM objectives are to: 

1) compare past and present salinity regimes, SAV  communities, SAV-associated epifauna (fish and 

invertebrate assemblages), and mangrove-associated fish to determine status and trends and 

enable before-after CERP comparisons 

2) quantify key relationships with salinity for the diversity, distribution, and abundance of SAV, 

epifauna, and mangrove-shoreline fishes 

3) formulate appropriate performance measures and targets to assess the effectiveness of CERP

 projects and assist with adaptive management. 

4) execute special analyses using IBBEAM tools to help evaluate CERP operations. 

 

2. METHODS 

The IBBEAM project domain lies in the nearshore waters between Shoal Point and Turkey Point 

directly downstream from the Biscayne Bay Coastal Wetland Project (BBCWP, Figure 1).  This will be the first 

area of Biscayne Bay that will be affected by changes in freshwater delivery to the Bay as part of CERP.  The 

project area is affected by discharges from several large canals, most importantly C-103 (Mowry Canal) and 

C-1 (Black Creek).  Sites south of Black Point receive inflow from C-1 (Black Creek at Black Point, C-102 

(Princeton Canal), Military Canal, and C-103 (Mowry Canal).  C-103 has the largest water flow south of the 

Miami River, resulting in large volumes of fresh water discharged into the coastal area over relatively short 

time periods.  Regulatory canal operations during the wet season and agricultural drawdown canal operations 

from the late wet season through early dry season create lower and more variable salinity between Black 

Point and Mowry Canal than anywhere else in the study area.  The L-31E Culverts, a BBCW component, flow 

to the coast in this area.  These culverts are charged by diverting water away from the Mowry Canal and the 

L-31E canal, reducing direct canal flow and replacing it with an approximation of sheet flow.  The relatively 

low volume C-100 canal and the S-123 structure are located north of Black Creek  The  Deering Estate Flow-

way was constructed in this area north of C-100 and began operation in December 2012 with the S-700 pump 

station.  The Cutler Flow-way, another BBCW component not yet constructed, also is located in this area. 

 

2.1. STUDY SITES 

 In an intensive 1st-yr review, pre-existing biotic sampling sites were assigned to selected water 

quality sites of the Biscayne Bay Salinity Monitoring Network (Lirman et al. 2013).  Assignment was by a 

nearest neighbor approach (Table 1).  The WQ station locations became the “hubs” around which all biotic 

sampling takes place. 
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 2.2. DATA COLLECTION 

2.2.1 Water quality sampling 

 The 17 Biscayne National Park (BNP) water quality (WQ) stations located nearest to shore 

between Shoal Point and Turkey Point were identified from the original USACE-Biscayne National Park 

salinity network and selected to become the IBBEAM sites (Figure 1).  These stations, which measure 

salinity, temperature, and water depth, capture a wide range of along-shore salinity environments and 

freshwater sources.   

The WQ data at the 17 sites are collected at 15-minute intervals using YSI 6600 Data Sondes.  

Salinity is calculated from conductivity and temperature measurements. Instruments are rotated 

approximately monthly.  Instrument calibration is performed in the laboratory before (i.e., just in from 

the field) and after deployment (IBBEAM Annual Report 2013 - Addendum I, Calibration methods). 

Instruments are sequentially deployed with data overlap of a minimum of four readings (one hour), which 

are used in quality control analysis. The retrieved instruments are transferred to the laboratory for data 

download and post calibration. 

Environmental parameters are part of the biotic sampling protocol at each of the 47+ (see below) 

biological sampling sites.  Recorded parameters include date, time of sampling, water depth, salinity, and 

temperature.  Instantaneous water quality parameters are obtained slightly below the water surface by 

deploying the instruments from the boat prior to any field personnel entering the water.  A YSI Pro 

instrument is used to measure salinity, temperature, and dissolved oxygen (DO).  Water depth is 

measured with a marked (1-cm increment) PVC pipe. These data, inter alia, are included so that biological 

data can be examined in relation to water quality parameters not included in the long-term salinity 

sampling network and to compare salinity recorded at the biological sampling sites to that recorded at 15 

minute intervals at the nearest long-term salinity monitoring locations (IBBEAM Annual Report I, 

Addendum II (2013)). 

  

2.2.2 Biotic Parameters 

 The 47 co-located biotic sampling sites from the long-term sampling protocols are situated along the 

mainland shoreline from Shoal Point to Turkey Point.  The 47 co-located sites represent a reduction in 

sampling effort from the former (pre-IBBEAM) sampling regime as former biotic sampling sites north of 

Shoal Point and south of Turkey Point are not a part of the new integrated effort.  Mangrove sites start 
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next to the mangroves and extend 30 meters parallel to the shore.  Associated epifaunal and SAV sites are 

within 50 meters of the shoreline at < 1 meter of depth (Figure 1). 

The following biological metrics are collected at each co-sampled biotic site (Figure 1): SAV 

(identity, percent cover of seagrass and macroalgae, seagrass canopy height, sediment depth), epifauna 

(identity, abundance, and size of all fish, decapods, and echinoderms captured), and mangrove fish 

(identity, abundance, and size-structure of all fish observed). These basic data are used to calculate 

community-based metrics such as taxonomic richness and dominance and taxon-specific abundance 

metrics (occurrence, concentration, and density) (see data analysis 2.3).  Biological sampling takes place 

within the SFWMD-defined dry (November-April) and wet (May-October) seasons, specifically in January 

-March and July - September.  Water years (WYR) start with the wet season (i.e., in May) and extend 

through the dry season (i.e., through April) of the following year; they are named according to the latter 

year (e.g., wet season of 2014 and dry season of 2015 represent the Water Year 2015.  Calendar years 

(CYR) run from January through December (e.g., dry season of 2014 and wet season of 2014).  Sites are 

accessed by boat at high tide and at idle speed or while drifting to minimize disturbance of motile biota.   

 

(a) Submerged Aquatic Vegetation (SAV) 

  The SAV community is characterized using two sampling protocols: (1) SAV is co-sampled with 

epifauna twice a year, wet season and dry season, to correspond with the faunal sampling schedule, 

providing essential data to analyze faunal abundance in relation to bottom habitat; and (2) 100-120 

random sites are surveyed within a range of 500m from shore in the wet season for large-scale mapping. 

During epifaunal-associated collections, visual surveys of 10 quadrats (0.5 m2) are conducted at each site 

to determine percent cover (0-100%) of each SAV taxon as described by Lirman et al. (2008a, b). In 

addition, canopy height (maximum blade length of seagrasses) and sediment depth are assessed within 

10 quadrats to provide an estimate of habitat topography for SAV-associated epifauna. Random sites are 

surveyed using a photo-quadrat method (Lirman et al., 2008a, b). This method uses geo-tagged, high-

resolution digital photographs of the substrate to assess the abundance (percent cover, diversity, and 

distribution) of SAV components. High-resolution images of the bottom (covering approximately 0.25 m2) 

are collected at each site from our survey skiff or by snorkelers. A minimum of 10 images are selected at 

random and analyzed to determine the percent cover (0-100%) of each SAV taxon. A site-averaged value 

is used in analyses with faunal and WQ data.   

 

(b) Epifaunal Community (EPI) 
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  Sampling at each site is conducted with a 1-m2 throw-trap consisting of an open-ended rigid-sided 

square aluminum box measuring 1 m2 by 45-cm deep, with panels of nylon netting (1.6-mm stretch mesh) 

attached on parallel edges at the top of the throw-trap (IBBEAM Annual Report 2013 - Addendum I).  Each 

panel of netting is large enough to cover the top of the throw-trap when it is used in water deeper than 

45 cm.  The trap is thrown three times to sample a total 3-m2 area of the substrate and associated water 

column at each site.  To collect the contents of the trap, a 1.6-mm mesh sweep net (framed seine) of the 

same length, height, and mesh-size as the trap is pulled through the trap interior four times.  Samples are 

stored on ice and frozen for later processing.  The three sets of throw-trap contents from each site are 

processed and recorded separately.  The initial database of number caught, by species, separately records 

each of the three throw-trap samples for each site. These data are later collapsed into a single record for 

each site for summarization and statistical analysis, but may be used as separate data records for special 

analysis. Laboratory processing follows Griefen (2010).  Identifications are to species level for most fishes 

and to at least the genus level for shrimp, crabs and echinoderms.  Identifications are based on Dawson 

(1982), Robins and Ray (1986), Abele and Kim (1986), Kaplan (1988), Nelson et al. (2004), and other guides 

and are supported by reference specimens, as well as special guides developed by the epifauna team. 

 Penaeid data were recorded as Penaeid spp., Farfantepenaus spp., Farfantepenaeus aztecus 

(brown shrimp), Farfantepenaeus duorarum (pink shrimp), Farfantepenaeus brasiliensis (spotted pink 

shrimp), or Farfantepenaeus notialis (southern pink shrimp).  For time series and other analyses, as of CYR 

2014 and retroactively, we combined data from positively identified pink shrimp (mainly individuals with 

carapace length CL >8mm) with data from all shrimps identified as belonging to family Penaeidae (i.e., 

mainly penaeids with carapace length CL <8mm) after unpublished collaborative genetics work (Bracken-

Grissom. Florida International University, pers. comm.) Indicated a high probability that all young 

penaeids in our study area were F. duorarum.  Very few shrimp in our samples were identified as F. 

aztecus, F. notialis, or even F. brasiliensis, which is also found in some parts of the bay.  Since our study 

area was a nursery ground, we did not want to separate out members of the smallest cohorts from the 

larger F. duorarum.  By combining the penaeid categories as described, we reduced the potential for 

identification error and obtained higher density values and fewer zeros, which allowed for more robust 

analyses.   

 

 

 (c) Mangrove Fish Community (MF) 
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 The mangrove shoreline fish assemblages are characterized and quantified using the visual "belt-

transect" survey method described by Serafy et al. (2003) (IBBEAM Annual Report 2013 - Addendum I).  

This entails snorkeling 30m-long transects parallel to the shore and recording the taxonomic identity, 

number, and size-structure (minimum, mean and maximum total length) of fishes observed. Belt-transect 

width is 2 m, thus area surveyed per transect is 60 m2. All visual surveys are conducted between 09:00 

and 17:00 to minimize detection problems caused by low light. For each survey, single recordings of water 

quality and depth are obtained, with water temperature and salinity measured using a YSI multi-probe 

instrument and depth measured along each transect (i.e., at 0, 15 and 30 m) using a 2 m-long PVC pole 

marked off every 2 cm.   

 

2.3. DATA SELECTION AND ANALYSIS 

Analyses presented in this project were conducted with SAS/STAT® software and displayed with 

SigmaPlot.  Data from the SFWMD that were used in our analyses and displays were downloaded from 

the dbhydro data base (http:/my.sfwmd.gov/dbhydroplsql/show_dbkey_info.main_menu).  Data 

developed within the project are described below. 

 

2.3.1 Water Quality - Salinity Indices 

2.3.1.1 Index Definition 

 Quality-controlled, 15-minute resolution time series data for each of the 17 nearshore WQ 

stations were summarized by season and water-year (e.g., May-Oct 2004 and Nov-Apr 2005 = water-year 

2005).  The water-year periods follow the South Florida Water Management District (SFWMD) definition, 

which characterizes each water year (WYR) as beginning in May based on analyses of historical rainfall.  

The term “wet season” is synonymous with “rainy season”, which may not necessarily translate into 

immediate lower salinity in receiving waters because, depending upon the groundwater deficit and water 

management, there can be a lag of one or more months between rainfall and downstream salinity 

changes.  Rainfall in October and November can be high in some years, while dry season salinity conditions 

may persist into June or later due to water management and evaporation.  The need to change (i.e., shift 

by one or two months) the component months within the wet and dry seasons of the water year has been 

discussed; however, we will use the SFWMD delineation until general agreement within CERP-RECOVER 

on another delineation is reached.  Data also are discussed on the basis of calendar year (CYR). 

The IBBEAM team developed six salinity regime indices (Table 2).  These indices are based on the 

required conditions to support estuarine biotic communities, as desired by CERP, and are based on the 
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Venice System (Anonymous, 1959). Computed for each season of each year, they are as follows: (1) 

mesohaline index (proportion of salinity observations ≥ 5 and <18); (2) hypersalinity index (proportion of 

salinity >40); (3) salinity variability index (proportion of days where salinity range is > 5 within a day); (4) 

mesohaline persistency index (maximum duration, in days, of uninterrupted mesohaline conditions), and 

(5) hyperhaline persistence index (maximum duration, in days, of uninterrupted hypersaline conditions).  

Indices 1, 2, and 3 were combined to calculate (6), a salinity regime suitability index (SRSI, Equation 1): 

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  �[𝑀𝑀 ∗ (1 −𝐻𝐻) ∗ (1 − 𝑉𝑉)]3  

    (Equation 1) 

We recently have generated four additional salinity indices derived from Venice System. These additional 

salinity indices are the Oligohaline Index (frequency of observations <5), the Oligo-Mesohaline Index (<18) 

and the Oligohaline and Oligo-Mesohaline persistency indices (maximum duration, in days, of 

uninterrupted Oligohaline and Oligo-Mesohaline conditions). These indices were generated for 

exploration purposes and have not, as yet, been incorporated into any formal analyses.   

 

2.3.1.2 Habitat suitability scaling 

 A site from the Coastal Wetlands Monitoring and Assessment Project in Florida Bay (J. Lorenz, 

Florida Audubon Tavernier Science Center, unpublished data) was chosen as a “salinity regime reference 

station” against which salinity patterns at all nearshore Biscayne Bay WQ stations were compared.  The 

present-day salinity regime at this reference site (Downstream Joe Bay, designed DJ, located in northeast 

Florida Bay) was considered a surrogate for the salinity regime that existed along Biscayne Bay’s western 

shoreline prior to construction and operation of the coastal canal system. Although not considered ideal 

for upstream Florida Bay, salinity conditions at this selected reference site appear to approximate 

conditions that might be associated with the performance measures described in the Southern Estuaries 

Salinity Documentation Sheet for Biscayne Bay*1.  This choice was supported by the biotic community 

existing at the location (J. Lorenz, unpublished data).  In addition to having a high-resolution WQ data set 

exhibiting desired salinity conditions for alongshore Biscayne Bay, the DJ station (25.21665 N and -

80.55563W) has a dataset demonstrating the biotic (seagrass, fish and invertebrate) communities that 

can be supported by such conditions and can be considered representative of the target communities for 

the Biscayne Bay shoreline. 
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Salinity index matrices were prepared using 15 min-resolution data (see Section 2.3.1.1.) from 

each Biscayne Bay nearshore WQ station and hourly data from the DJ reference site. Index values were 

color-coded green, yellow, and red to signify optimal, adequate, and unsuitable conditions, respectively 

(Table 3). The color scheme was implemented using the ‘conditional formatting’ feature in Microsoft Excel 

2007.  This feature uses color blends (i.e., between red, yellow and green) to highlight differences in index 

values in space and time.  The color scaling was such that optimal values (green) were the seasonal mean 

values at the DJ site; unsuitable (red) was the minimum (or maximum, depending on the metric) value in 

the entire matrix; and adequate (yellow) was the mid-way (50%) value between optimal and unsuitable.  

Color blends of green, yellow and red represented intermediate index values. 

Data from six nearshore water quality stations were available for the period 2004 to 2010. Starting 

in January 2010, WQ data collection began at 11 additional nearshore stations. The index values were 

considered meaningful if data sets were ≥ 75% complete in a given (seasonal) time period  

 

2.3.2 Habitat Relationships and Predictions 

 Relationships among faunal, SAV, and physical metrics were explored with logistic and conventional 

ordinary least squares regression models using SAS statistical software.  Our datasets consist of data 

collected by each effort: SAV (2008-2016 CYR) and Epifauna (2005-2016 CYR), from Shoal Point to 

Manatee Bay; and Mangrove Fish (1998-2016 CYR) from Matheson Hammock to Manatee Bay.  Average 

taxonomic richness, species-specific frequency of occurrence (proportion of surveys positive for the focal 

species) and densities (average density of positive captures) (Table 2) were examined to determine 

relationships, if any, with: water salinity (Sal), temperature (Temp), and depth; and SAV canopy height 

(CH), cover of Thalassia (Thal), Halodule (Hal), and Syringodium (Syr) (Equation 2).  Analyses of SAV and 

mangrove fishes included only salinity, depth, and temperature (Equation 3). Results of these analyses 

identified an initial subset of biological metrics (out of the dozens of individual species or community 

metrics being collected in the field) that were significantly related to salinity or to other variables related 

to salinity (e.g., a seagrass species found to be related to salinity). 

 

Epifauna= Sal + Temp + Depth + CH + Thal + Hal + Syr + Sal2 + Temp2 + Depth2 + CH2 + Thal2 + Hal 2+ Syr2 

(Equation 2) 

 

Mangrove Fish/SAV  = Sal + Temp + Depth + Sal2 + Temp2 + Depth2 

(Equation 3) 

*1 (http://www.evergladesplan.org/pm/recover/recover_docs/perf_measures/010709_se_salinity.pdf) 
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Following Serafy et al. (2007), Serrano et al. (2010) and McManus et al. (2014), a stepwise multiple 

regression was performed to evaluate species occurrence and density/cover in relation to the 

environmental factors. Specifically, a backwards elimination approach was taken whereby factors and 

their square terms were removed sequentially, beginning with the highest order terms, if their P-values 

were > 0.05. Final model fit was judged from adjusted R2-values or concordance index (C) values for 

ordinary least squares and logistic regression, respectively.  Prior to regression analyses, biological 

abundance data were transformed via log- or arcsine-conversion or transformed to binary 

(presence/absence) data. 

 

2.3.3 Deering Estate Analysis 

 Quality-controlled 15-minute resolution time series of water quality data for the WQ station D2 

(and the recently added D6 were analyzed using SAS/STAT® software.  Salinity data were summarized by 

season and calendar-year CYR. 

We examined the salinity data for potential changes using a “mesohaline index”.  This index is one 

of several salinity indices that we introduced in our 2013 IBBEAM report (Lirman et al. 2013).  These 

indices recognize the plan of RECOVER to restore conditions in nearshore western Biscayne Bay to support 

an estuarine biotic community.  The index definitions follow the Venice System, in which mesohaline 

waters are defined as within the salinity range 5 – 18.  The IBBEAM mesohaline index is the proportion of 

salinity observations within a given period that are ≥ 5 and <18. 

Flow-data from the new pump (S-700) were downloaded from the DBHYDRO Database managed 

by SFWMD as average daily cubic foot per second (cfs). 

 

2.4. DATA PRESENTATION 

Once the reduced set of metrics was selected, both biological and physical data were displayed in 

a Geographic Information System (GIS, Esri 2011 ArcGIS). Individual species metrics were interpolated to 

develop abundance (diversity, cover, etc.) contours along an approximated shoreline strip that convey the 

spatial distribution of taxon-specific metrics along the western shoreline of Biscayne Bay. Similar spatial 

analyses were conducted with the salinity indices. The analyses described and combinations of physical 

and biological data within a spatial framework provided a foundation for our Habitat Suitability analyses. 

Three dimensional data visualizations of regression model results were generated using SigmaPlot 11 

software. All results are presented in calendar-year (January - December). In our time series plots, we 

identified periods (year-seasons) characterized by extreme or unusual conditions using semi-transparent, 
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vertical color bars. These marked seasons of hypersalinity, the cold snap of 2010, and the unusual algal 

blooms that occurred during 2013 wet season. Our designation of seasons as hypersaline was based on 

the data recorded in our multi-station nearshore YSI network (Table 4). Specifically, we considered a given 

season as hypersaline if its average hypersalinity index value (i.e., across all operating YSI stations) 

exceeded 0.08. This 0.08 index threshold value corresponds to salinity conditions > 40 psu occurring for 

two weeks of the 6-month season. 

 

3. RESULTS 

3.1. SALINITY INDICES 

 The full suite of salinity metrics are presented in site x season matrix form in Appendix A (see 

Tables 1-10). The mesohaline index revealed that only a few of our sampled areas are optimal in terms of 

preferred water quality restoration characteristics prescribed by RECOVER1 for nearshore western 

Biscayne Bay (Figure 2 and Appendix A, Tables 1-10).  See 

http://www.evergladesplan.org/pm/recover/recover_docs/perf_measures/010709_se_salinity.pdf.   The 

best-performing sites, according to the mesohaline index, were along the shoreline area from Black Point 

south, primarily between Military Canal and Mowry Canal (C-103) (Appendix A Table 1). These sites had 

near-optimal mesohaline conditions in the wet seasons of CYRs 2007, 2008, 2010, 2012, 2013 and 2016.  

For several of the southernmost sites, relatively good dry seasons were observed for CYR 2012 and 2014. 

But these dry season mesohaline values paled in comparison to the mesohaline conditions of the dry 

season of CYR 2016, which was characterized by the highest dry season mesohaline index values that we 

have ever observed in the IBBEAM study domain. The high mesohaline values were driven by the 

unusually high rainfall and canal discharge volumes (Appendix C Figures 1 and 2). 

Hypersalinity is a major ecological concern that presently does not occur every year in southern 

Biscayne Bay.  Hypersaline conditions were not observed during CYR 2016; two calendar years stand out 

as being the most hypersaline over the period of record from 2009-2016: CYR 2011 and CYR 2015 

(Appendix A Table 4). Depending on the location, hypersaline conditions during these years prevailed for 

up to 50 consecutive days (Appendix A, Table 10). 

The spatial pattern of the CYR 2016 Variability Index differed slightly between wet and dry seasons 

(May-Oct and Nov-Apr) (Appendix A, Table 5). Some sites around and south of Black Point experienced 

more than 20-40% of days with a >5 within-day salinity change in the wet season (May-Oct) (Figure 2, 

Appendix A Table 3). Wet season canal operations and rainfall likely were responsible for this high 

variability.  Water-quality Site 14, located off Mowry Canal, experienced within-day salinity variability >5 
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on 50-60% of days sampled throughout all seasons and was obviously heavily and directly impacted by 

canal operations.  In contrast, some sites north of Black Point had stable salinity throughout some years. 

The area north of Black Point has only one canal, with relatively low flow and, before the Deering Estate 

flow-way was implemented, received fresh water mainly as rainfall. CYR 2016 annual Variability showed 

a maximum of 55% days with a >5 within-day salinity change, which was at Site 14 off Mowry Canal.  Sites 

opposite canals have high salinity variability (sites 14, A8, B6, and 62). Site C2, located inside an inlet north 

of Black Point, also has high variability, suggesting freshwater input, although sources other than direct 

rainfall are unknown.   

The SRSI values, which are composites of the mesohaline, variability, and hyperhaline indices, 

indicated generally good salinity conditions at most shoreline sites during CYR 2016. These conditions 

were much improved from the previous two years. A poor SRSI is most likely explained by lack of 

mesohaline habitat and high within-day variability.  High SRSI values resulted primarily from the high 

mesohaline index values as the other contributing factors were generally unremarkable during 2016.   

 

3.2. BIOTIC VARIABLES 

3.2.1 Submerged Aquatic Vegetation (SAV) 

Halodule and Thalassia are the main components of the seagrass communities in western 

Biscayne Bay, with only minor contributions from Syringodium filiforme (Figure 3). Halodule is the 

dominant species in terms of occurrence (found, on average, at > 86 % of sites in all surveys) and mean 

cover, compared to Thalassia, which was found in 68% of samples within nearshore sites (< 100 m from 

shore). Thalassia occurrence has been on a general increasing trend since 2014. The increases in 

occurrence of Halodule in 2015 and 2016 reversed a declining trend that started in 2012 (Figure 4).  The 

co-occurrence of Halodule and Thalassia at the same sites (a desired goal of CERP) was observed, on 

average, at 59% of inshore sites over the period of record and is on an increasing trend since 2015 (Figure 

4).  The average Wet-season % cover in habitats < 500 m from shore for the POR (08-16) was 19% for 

Thalassia, 15% for Halodule, and 0.2% for Syringodium (Figure 3A). Halodule continues to show wide 

fluctuations in cover year-to-year, influenced mainly by the fluctuations exhibited in nearshore (< 100 

from shore) habitats where salinity fluctuations are more prevalent (Figure 3A, B). In contrast, Halodule 

has less variable cover in further offshore habitats (100-500 m from shore) where salinity fluctuations are 

less pronounced (Figure 3C). Fluctuations in cover of Halodule were extreme between the 2015 (> 20%) 

and 2016 (< 10%) Wet seasons in nearshore habitats. But, when decreases in cover have been recorded 

over the POR, these declines were reversed in the following year, keeping Halodule in an oscillating 
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pattern year-to-year, but with steady cover when the whole POR is considered. The fluctuating abundance 

of Halodule nearshore is consistent with its life history and stress response, which is considered a pioneer 

species that thrives in environments exposed to low and variable salinity and increased nutrient inputs 

and can respond rapidly to favorable conditions. In contrast, Thalassia has shown lower variability 

between years and more pronounced longer-term trends; increasing nearshore since 2014 (Figure 3B) 

and declining offshore since 2014 (Figure 3C). Syringodium continues to be a minor component of the 

study region, with cover well < 5% since 2011 (Figure 3A). 

The occurrence of Halodule (86% of IBBEAM sites) and Thalassia (70%) are high, but the overall 

cover for these species is, on average, low (< 25%). Cover data for the two dominant seagrass species, 

Thalassia and Halodule, collected from CYR 2008 to CYR 2016 from the 47 IBBEAM sites were incorporated 

into interpolated surface contours (Figure 5).  The proportion of the habitat with high cover of Halodule 

(i.e., > 30%) was only recorded for 5.3% of the study region in the dry season and 7.3 % in the Wet season 

in the period 08-15. In 2016, only 1% of the area had Halodule cover > 30% in the dry season, but > 19% 

of the area had cover of Halodule >30% in the wet season. The likely explanation for this increase in habitat 

suitability between the Dry and Wet seasons is the increase in mesohaline conditions recorded in 2016. 

While the high rain events were recorded in the dry season, increases in habitat suitability of Halodule 

were recorded, not unexpectedly for a benthic species, with a delay of one season. The largest 

improvements in suitability were recorded in the northernmost areas of the study region (just south of 

Shoal Point), an area with commonly low mesohaline values, especially in the dry season (Appendix A).  In 

the absence of nutrient data (not collected as part of IBBEAM), the reason for this focalized improvement 

in suitability for Halodule is as yet unclear (especially considering that the mean cover of Halodule declined 

in nearshore habitats in 2016; Figure 3A, B), but our analyses of the MI for the D2, D6, and 62 sites (WQ 

sites in the area where this increased suitability for Halodule was observed) revealed that the 

northernmost area of our study domain experienced the highest dry-season mesohaline conditions in our 

POR in the 2016 dry season. While it is true that MI values were unusually high for all sites in the 2016 Dry 

season, the northernmost areas had not seen such low-salinity, dry-season conditions prior to 2016. It is 

hypothesized that this proportional decrease in salinity, which carried into the 2016 Wet season, provided 

Halodule with enhanced conditions for growth. This shows that Halodule can dynamically benefit from 

favorable changes in salinity environments and should be able to respond positively to future increases in 

freshwater deliveries as hypothesized. 

3.2.2 Epifaunal Community (EPI) 
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The abundance of our four epifaunal indicator taxa, as reflected in occurrence and average 

density, varied seasonally and from year to year, as indicated in time-series plots starting with CYR Dry 

2005 (Figure 6).  Distinct seasonal patterns are apparent for all four focal taxa (Figure 7).   

Goldspotted killifish (Figure 6A) generally were more abundant in the wet season, except for CYR 

2011, when goldspotted killifish density and occurrence crashed.  Higher occurrence and density were 

found thereafter, but not in a consistent seasonal pattern.  In 2016, both occurrence and density declined 

from previous highs. 

Gulf pipefish occurrence and density were closely correlated and consistently variable from 

season to season (Figure 6B); highest values occurred in the dry seasons.  After a period of relatively low 

wet season and dry seasons values, the dry season metrics rebounded to near maximum levels from CYR 

2013 through CYR 2016.  Wet season metrics were relatively high in CYR 2013 and CYR 2016, although 

very low in CYR 2014 and CYR 2015 (Figure 6B). 

 In penaeid shrimp, seasonal variation in occurrence and density was generally strong for the CYR 

2007-CYR 2016 period, with higher values in the dry season than in the wet season (Figure 6C).  Seasonality 

in occurrence broke down after Dry CYR 2010, when a cold front affected both focal and other species 

that we monitored (IBBEAM Annual Report 2013-2014), but it re-established in 2013. Except for a short 

period between CYR 2010 and 2012 -- especially in CYR W2013 and W2014, penaeid shrimp density was 

exceptional high in the dry season compared to the wet season. Density decreased, but occurrence 

increased, in the CYR 2015 wet season.  Relatively high densities of penaeids were found in both the dry 

and wet seasons of CYR 2016. 

Palaemonetes spp. occurrence reached a new high in Dry CYR 2016, and density roughly matched 

the highest on record, found previously only in Dry CYR 2013.  The two abundance metrics reached all-

time highs in Dry CYR 2016, but fell in Wet CYR 2016, consistent with the pattern of seasonal variation 

that was evident until about CYR 2014. 

Correlation of the two abundance metrics, occurrence and density, and their seasonal variation 

were apparent in all four epifaunal species, although neither close correlation nor the seasonal pattern 

were consistent throughout their 12-yr records.  Extreme events (indicated by colored vertical bars) may 

have disturbed the correlation and seasonal patterns, as suggested by declines in occurrence and 

abundance of all four species that followed one or more extreme event.  In general, however, effects of 

these events could not be clearly separated from seasonal variation.  Longer time series may allow better 

determination of the effects of extreme events on our indicator species. 
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Spatial abundances of the four epifaunal focal species also varied, although little of the variation 

can be seen in data averaged across the CYR years 2008 to 2015 (Figure 7).  What stands out in the 8-yr-

averaged data is the location between Convoy Point and Turkey Point in which goldspotted killifish were 

present in concentrations greater than 15 individuals per 30 m2. Goldspotted killifish (Figure 7A) and 

penaeid shrimp (Figure 7C) were present at all sites, both dry season and wet season, but only goldspotted 

killifish achieved densities greater than 15 individuals per 30 m2.  Otherwise, the averaged data makes it 

appear that all four species were present at all locations (density >0-15 all 8 years) in both seasons.   

The CYR 2016 density distributions for wet and dry seasons demonstrate the variation that can 

occur among sites and between seasons.  The absence of gulf pipefish (Figure 7B) and Palaemonetes spp. 

(Figure 7D) along most of the shoreline in Wet CYR2016 was pronounced (Figure 7B).  On the other hand, 

Palaemonetes spp. reached very high densities (greater than 30 shrimp per 30 m2) south of Black Point 

and greater than 15 per 30 m2 immediately north of Convoy Point in Dry CYR2016.  Penaeid shrimp 

appeared present at every sampling site in both Dry and Wet CYR2016, whereas goldspotted killifish were 

absent from some sites in both CYR2016 seasons. 

 

3.2.3 Mangrove Fish Community (MF) 

 Seasonality was evident in mangrove-fish occurrence and density over the period of record (CYR 

1998-2016) (Figure 8).  Goldspotted killifish in the mangroves occurred most frequently during the dry 

season and seldom in the wet season, and density followed the same general pattern (Figure 8A).  

Goldspotted killifish occurrence decreased during the both seasons to almost zero by CYR 2015 wet 

season. However, possibly as a result of the unprecedented increases in mesohaline conditions during the 

CYR 2016 dry season, this declining trend was broken with relatively high occurrence and density values 

observed during both CYR 2016 seasons. The seasonal patterns of gray snapper abundance indicators 

continued their general trend (i.e., since CYR 2004) of increase (Figure 8B).  A seasonal pattern of dry 

season lows and wet season highs in yellowfin mojarra, present since CYR 2000, disintegrated in CYR 2010 

(Figure 8C), likely due to the CYR 2010 cold event. Both gray snapper and yellowfin mojarra occurrence 

and density have increased dramatically since CYR 2010 cold event, with those for the latter being among 

the highest recorded since the project’s inception. 

All three mangrove-fish indicator species displayed substantial spatial variation, being 

concentrated in some areas and absent from others (Figure 9). CYR 2016 was characterized by high 

densities (i.e., relative to 2008-2015 seasonal averages) of goldspotted killifish along Biscayne Bay’s entire 

southern mainland shoreline during the both the dry and wet seasons (Figure 9A). This is likely a result of 
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the unusually high mesohaline conditions that prevailed, especially during the dry season. Spatial patterns 

of gray snapper density-distribution generally fell within the 2008-2015 seasonal averages (Figure 9B). In 

contrast, high abundances of yellowfin mojarra in the “canal zone” (i.e., Black Point to Turkey Point) were 

observed during the CYR 2016 wet season (Figure 9C). 

  

3.3 BIOTIC/ABIOTIC RELATIONSHIPS - GENERAL LINEAR MODELING 

 Biotic and abiotic data were linked by location (i.e., nearest salinity site to biotic sites) to explore 

statistical relationships among variables using general linear models and logistic regression models. SAV 

data and Mangrove Fish (MF) data were regressed against salinity, temperature, and depth. Epifaunal 

data were additionally linked with the SAV dataset to examine potential relationships among epifauna 

abundance and canopy height or Halodule, Thalassia, and Syringodium cover.  The relationships we found 

provided the basis for habitat suitability models. 

 

3.3.1 Submerged Aquatic Vegetation 

 Regression-model results and predictions for Halodule and Thalassia are shown in Figure 10 (2D-

plots), Appendix B Table 1 A-B. Second-order relationships were documented between Halodule 

occurrence and cover, salinity, water depth, and temperature (Figure 10A, Appendix B Table 1).   Thalassia 

occurrence and cover were significantly related (P<0.05) to salinity, depth and temperature (Figure 10B, 

Appendix B Table 1). Thalassia occurrence and cover increased asymptotically with increasing salinity and 

increasing temperature.  

 

Halodule occurrence and cover are robust and consistent indicators of nearshore salinity conditions. 

 

3.3.2 Epifaunal Community 

 Relationships of the four focal epifaunal species to salinity and other variables are shown in Figure 

11 and Appendix B Table 1. Only significant regression coefficients are shown in  

Appendix B Table 2 or used in regression equations for preparing the plots in Figure 11.  In general, 

stronger relationships with salinity and other explaining variables were found for species occurrence than 

for species density (Appendix B Table 1A, B).  Relationships with salinity were parabolic, having a salinity 

optima within the plotted salinity range, for occurrence of three species and density of two species.  

Regression relationships of occurrence and density with salinity were markedly different in goldspotted 
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killifish, where the occurrence relationship was parabolic and the density relationship was negatively 

linear (Figure 11A).  Salinity optima were about 23 for gulf pipefish, 20 for penaeid shrimp, and 18 for 

goldspotted killifish; however, the near-flattened tops of the occurrence parabolas for both goldspotted 

killifish and penaeid shrimp suggested wide salinity tolerance ranges (Figure 11A, C).  

Regression models suggested that Halodule cover influenced both occurrence and density of all 

four focal taxa (Figure 11 and Appendix B Table 1), but having 25% cover (but not 5% cover) had little or 

no less benefit than having 50% cover in most cases (i.e., goldspotted killifish occurrence and density 

(Figure 11A), penaeid shrimp occurrence [Figure 11C, left], and Palaemonetes spp. occurrence and density 

(Figure 11D).  For gulf pipefish, having 25% cover was more beneficial to both occurrence and density than 

having 50% cover (Figure 11B).  On the other hand, 50% cover was an improvement over 25% cover for 

penaeid shrimp density (Figure 11C, right). 

Goldspotted killifish occurrence was parabolically related to salinity, temperature, Halodule cover 

and had a positive linear relationship with canopy height (Appendix B Table 1A).  Goldspotted killifish 

density was negatively related to salinity and parabolically related to Halodule cover; it had a negative 

relationship with year, suggesting a decline over time (Appendix B Table 1B).  Gulf pipefish occurrence 

was parabolically related to salinity, Halodule cover and temperature, while its density was parabolically 

related to salinity, Halodule cover, temperature, canopy height and Thalassia cover (Appendix B Table 1A, 

B)).  A salinity of ~20-25, and a Halodule cover value of 25% appeared optimum for gulf pipefish.  Penaeid 

shrimp occurrence and density had parabolic relationships with both salinity (optimum at ~20-25) and 

Halodule cover (optimum at 50%) (Figure 11C and Appendix B Table 1 A, B). Palaemonetes spp. occurrence 

and density had a significant negative relationship with salinity and a positive relationship with Halodule 

cover (Figure 11D, Appendix B Table 1A, B).  The regression models suggest that all four epifaunal species 

are favored by intermediate salinity conditions.  

 

Occurrence and density of SAV-associated goldspotted killifish, gulf pipefish, penaeid shrimp, and 

Palaemonetes spp. are good indicators of intermediate nearshore salinity conditions. 

 

3.3.3 Mangrove Fish Community 

 Based on the absolute magnitude of regression coefficient values, temperature exerted the 

strongest effects on occurrence and density levels for all three focal mangrove fish species (Appendix B 

Table 1). Nevertheless, significant salinity effects were evident. For example, goldspotted killifish and 
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yellowfin mojarra density were each related to salinity in parabolic fashion, with highest values at 

intermediate (20-25) salinities (Figure 12, Appendix B Table 1).  In contrast, gray snapper occurrence and 

density were highest at the highest salinity levels (Figure 15C, Appendix B Table 1. Serrano et al. (2010), 

based on field observations, also noted gray snapper’s apparent affinity for high salinities; however, their 

laboratory studies, in which salinity was isolated from other variables, indicated a preference for 

intermediate salinity levels. 

 

Occurrence and density of mangrove-associated goldspotted killifish and density of yellowfin mojarra 

are good indicators of intermediate nearshore salinity conditions. 

 
 
3.4 DEERING ESTATE ANALYSIS 

The Deering Estate Flow-way, an early component of Biscayne Bay Coastal Wetlands Phase I of 

the Comprehensive Everglades Restoration Project, began operation in December 2012 and is the first 

CERP component to potentially affect salinity patterns in Biscayne Bay.  The purpose of BBCW is to 

recreate a more natural distribution of freshwater flow to the Bay by spreading its delivery along the 

coastline more diffusely, through wetlands and creeks, not just canals.  Although BBCW was not designed 

to eliminate canal flow, it will redirect into wetlands some of the surface flow to the bay that would 

otherwise flow into the bay through canals.  Local refinements in the canal network and a pumping station 

(S-700) were used to divert water from the South Florida Water Management District canal system into 

the Deering Estate flow-way.  Figure 13A shows the pumping record at S-700 from implementation 

through October 2016. Note the comb-tooth appearance of the plot of flow, indicating short-term high-

frequency variation with a consistent high, low, and amplitude over a longer time scale, interrupted by 

higher-amplitude variation for shorter periods.  The high-amplitude pumping at S-700 appeared to be 

more effective than lower amplitude pumping in lowering salinity in the nearshore bay.  

IBBEAM assessed the effect of S-700 pumping on salinity in nearby areas of Biscayne Bay, 

recognizing that IBBEAM salinity monitoring sites D2 and D6 could be used to characterize local salinities 

off the Deering Estate flow-way (see Figure 1 map for water quality site locations).  D2 is in the bay near 

the mouth of the southernmost creek leading from the Deering Flow-way and was used in analyses of the 

effect of the flow-way on bay salinity in previous reports (Lirman et al. 2014, 2015).  In Figure 13B, 15-

minute salinity at D2 is plotted on the same time scale as the pumping plot in Figure 13A.  Note that 

salinity troughs roughly correspond to periods of high amplitude pumping; the highest salinity peak 
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occurred near the end of a period of low to no pumping (e.g., in 2005).  Figure 14A is a point plot of daily 

salinity recorded at D2, separated by a vertical line into before and after Deering Estate implementation 

and showing the mesohaline zone (5-18 psu) as a light blue-green band.  For added perspective, Figure 

14B is a box plot of 15-min daily salinity at site D2, also showing the mesohaline band.  Salinity monitoring 

site D6 is located at the more northerly creek mouth leading from the Deering Flow-way and will be 

introduced to the Deering analysis later in the present report.   

Exploratory work suggested that the Mesohaline Index (MI), one of several nearshore Biscayne 

Bay salinity indices developed by IBBEAM and described previously in this report, revealed differences in 

salinity conditions between stations and times more definitively than salinity itself; it relates to total 

number of salinity records within the mesohaline band during each 6-month season of the annual record.   

Figure 15 shows the wet season (A) and dry season (B) MI for the years 2010 to 2016 at D2, D6 and 10 

other water quality monitoring sites from Deering south to approximately the Princeton Canal.  Note that 

the MI at D2 and D6 are similar and lower than the MI at the rest of the sites at the scale depicted 

(although note the difference in the two in Wet 2016, suggesting that the two sites can respond differently 

to the same pumping). 

Comparing D2 and D6 MI’s in post implementation years (2013 to 2016) to pre-implementation 

years is confounded by the difference in rainfall and runoff between years (Appendix C Figure 1).  Direct 

comparison of D2 and D6 MI’s to that of other water quality sites is equally non-useful because there are 

such big differences in salinity conditions among sites, and most other sites had much higher MI’s than 

D2 and D6 in wet (A) and dry (B) seasons of most years.  Direct comparisons were further confounded by 

a special operations initiative in 2012 that took advantage of exceptionally high availability of fresh water 

in the water management system due to record CYR 2012 rainfall (Appendix C Figure 1) to route fresh 

water to Biscayne Bay through all SFWMD canals along the south-central western Biscayne Bay coast 

between WQ sites D6 and 40. 

The approach taken in this report is to compare annual seasonal percent change in MI, plus or 

minus, from 2012 at each of the two WQ sites off Deering Estate in each post-implementation year (2013 

to 2016) (e.g., 100 [(MI2013-MI2012)/MI2012]) to corresponding percent change in MI from 2012, at each of 

the other 10 salinity recording stations.  Wet season and dry season percentages were calculated 

separately (Figures 16 and 17).  In the 2013 wet season (Figure 16A), the D2 percent change in MI from 

2012 was the only positive change at any site, strongly suggesting a 2013 wet season effect on MI that 

was not related to rainfall (because it only happened at the one site) and was likely attributable to S-700 

pumping.  Even so, Figure 15A suggests the influence on salinity was small.  There were no remarkable 
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differences in percent change from 2012 at either D2 or D6 in dry season MI’s from 2013 through 2015.   

However, in the 2016 dry season, the percent change in MI from 2012, although positive at all 12 salinity 

monitoring sites, was so much higher at D2 and especially at D6 than at the other 10 sites (Figure 17D) 

that it suggested a positive effect of S-700 pumping on nearshore Biscayne Bay salinity conditions off the 

Deering Estate Flow-Way and associated creeks. 

In addition to providing perspective on the effect of Deering Estate pumping on nearby nearshore 

bay salinities, figures used in this section of the IBBEAM Annual Report (Figure 13-15) demonstrate the 

positive benefits on bay salinities of special operations in response to exceptional availability of fresh 

water in 2012.   For example, the 2012 operations experiment suggested that directing more freshwater 

flow to the coast near the end of the wet season would benefit salinity conditions well into the dry season 

and ameliorate dry season conditions.  Perhaps special operations also interacted with high rainfall in Dry 

CYR2016 to enhance mesohaline conditions in the nearshore bay all along the south-central western 

Biscayne Bay coast from D6 to C2.  Our preliminary conclusion is that relatively high pumping rates at S-

700 are necessary to appreciably lower salinity conditions in the nearshore bay, but further investigation 

is needed.  

4. CONCLUSIONS 

With incorporation of CYR 2016 data, IBBEAM results continue to indicate that Biscayne Bay's 

nearshore environment has not yet become the consistent, expansive mesohaline habitat that CERP seeks 

to re-establish. The Bay's shallow nearshore zone is still occupied by floral and faunal species assemblages 

operating below their productive potential.  In part, this deficiency is due to inadequate and unnatural 

freshwater flows that limit the duration and spatial extent of mesohaline conditions, thus limiting the 

native diversity and abundance of species characteristic of South Florida estuaries. The shallow waters of 

Biscayne Bay are sensitive to any event that could influence salinity (i.e., rainfall or freshwater inflow), 

and the biota are sensitive to change in salinity levels, ranges, and variability. The desired shift toward 

more productive estuarine flora and fauna along the Bay’s western shoreline will not be realized without 

increased freshwater flow to maintain mesohaline salinities for at least part of the year (i.e. 3 to 5 months).  

Conditions for estuarine species along the western shoreline would be improved if additional freshwater 

inflow were provided through the dry season to limit or prevent occurrence of high salinity conditions and 

allow rapid establishment of mesohaline salinity conditions with the onset of the wet season. Continued 

monitoring of salinity, flora, and fauna in the nearshore bay is important to bay ecosystem restoration.   
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Continued tracking and possibly expanding the suite of ecological indicators and salinity indices developed 

by the IBBEAM team is the best option for gauging CERP performance in Biscayne Bay.  

Lengthening our data set with more sampling strengthened our HS models.  The major algal bloom 

that occurred in Biscayne Bay in the summer of 2013 may have affected some species we follow, possibly 

confounding modeling results for those species that year, but most appear to have recovered.  Continued 

sampling will improve the predictions (i.e., reduce uncertainty) and enable future assessments to separate 

CERP affects from other influences.   Incorporating the 2016 data into the analysis, by providing another 

year of bi-annual data and revealing indicator responses to a new set of conditions, improved the fits of 

Habitat Suitability Models for most species while making the models applicable to a wider set of future 

conditions.  These models are promising predictors of biota-salinity relationships for use in predicting and 

explaining CERP implementation results. 

Adding more data to our established routine of analyses incorporates events and responses that 

are important to record.  As we add new data in future years, our perspective on the range and variability 

of conditions in Biscayne Bay’s nearshore area will expand to better represent long term conditions. This 

long-term dataset will allow us in the future to compare pre-CERP data to changes due to CERP, while 

identifying other causes of significant change such as hurricanes, storm events, cold events, and sea-level 

rise. We have demonstrated that incorporation of additional sampling data into our analyses strengthens 

our power to detect change.  The power to detect change is highly dependent on sample size.  Lengthening 

the data set improves understanding of the potential range of annual variation in rainfall, temperature 

and other influencing factors, including sea level rise, that continually introduce variation in spatial and 

temporal salinity patterns.  Lengthening the data set also expands the possible set of biotic responses to 

habitat and climate variation that must be understood to distinguish CERP effects from other sources of 

change. 

The Deering Estate analysis demonstrated the sensitivity to change of our Mesohaline Index, 

reinforcing our confidence in the Mesohaline Index as a good indicator for assessing CERP salinity effects.  

Our analysis of cross-year change at D2 (and later, D6) compared to the other sites was successful in 

detecting a change at WQ Site D2 in W2013 and at D2 and D6 in D2016 that was independent of 

widespread change occurring due to weather (i.e., rainfall).  It is helpful to know that the water quality 

sites nearest to Deering Estate and the Mesohaline index are sensitive to change, and the salinity record 

at these sites can be used to represent pre-implementation conditions.  The coming years and new 

analyses of the longer data streams that continued sampling will provide will help determine the salinity 

and biotic changes restoration will bring. 
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Continued monitoring of salinity, SAV, seagrass-associated epifauna, and mangrove-associated fish is 

warranted to (1) help distinguish CERP effects from the effects of episodic events such as the CYR 2010 

cold snap and CYR 2013 algal bloom, (2) support CERP's commitment to early detection (and reversal) of 

any impairment to the habitat, forage base, general ecology, and fishery recruitment that CERP activities 

may unintentionally cause, (3) increase statistical power to detect departures and differences from 

reference values, and (4) improve and refine habitat suitability models, which are key to comparison of 

different freshwater flow scenarios in ecological terms. 

 

5. IBBEAM OUTLOOK 

 

The following objectives will be addressed in 2016-2017: 

 

1)  Integrate monitoring to quantify changes in water quality and biotic responses to 

 facilitate adaptive management (ongoing). 

2)  Assist with analyses that compare relative impacts of selected management scenarios on 

 areal extent of suitable habitat (as described by McManus et al. 2014).  

3)  Examine biological correlations with antecedent water quality conditions at multiple time 

 scales. 

4) Develop explicit biological targets. 

5)  Identify a reference site within our Biscayne Bay sampling area or in another area such as a Florida 

Bay coastal embayment where biota, benthic community, and salinity are similar to desired 

conditions for Biscayne Bay (in consultation with RECOVER Southern Coastal Ecosystems Module 

coordinators).  

6)  Evaluate faunal groups in terms of affinity for mesohaline, polyhaline, euhaline or other salinity-

related habitat. 

(7)  Coordinate our work with SFWMD and Miami-Dade County work in the Deering Estate and L-31E 

project areas.  Use our salinity metrics and key species indicators to assess the effects of water 

flow changes to these areas.   
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Table 1: IBBEAM sampling sites. 

Water Quality Site Latitude (Dec) Longitude (Dec) Biotic Site Latitude (Dec) Longitude (Dec) 
D6 25.62097 -80.29736 1 25.62922 -80.28854 

2 25.62392 -80.29930 
D2 25.61678 -80.30128 3 25.61749 -80.30163 

4 25.61583 -80.30276 
62 25.61225 -80.30583 5 25.61372 -80.30617 

6 25.60936 -80.30747 
C8 25.58897 -80.30697 7 25.59440 -80.30791 

8 25.57974 -80.30502 
C6 25.57425 -80.30264 9 25.57414 -80.30340 
56 25.56444 -80.30531 10 25.56941 -80.30255 

11 25.56853 -80.30327 
12 25.56173 -80.30756 

C4 25.55506 -80.30878 13 25.55792 -80.30760 
14 25.55160 -80.31017 

C2 25.54586 -80.31372 15 25.54500 -80.31229 
B8 25.53853 -80.31783 16 25.54029 -80.31282 

17 25.53757 -80.31336 
B6 25.52728 -80.32986 18 25.53200 -80.32874 

19 25.52529 -80.33122 
20 25.51834 -80.33099 

B4 25.51011 -80.33531 21 25.51682 -80.33369 
22 25.51553 -80.33411 
23 25.51430 -80.33483 
24 25.51232 -80.33514 
25 25.50960 -80.33577 
26 25.50554 -80.33361 

40 25.50533 -80.33577 27 25.50402 -80.33258 
28 25.50507 -80.33668 
29 25.50455 -80.33788 

28 25.49844 -80.33875 30 25.49734 -80.33933 
22 25.49242 -80.33911 31 25.49314 -80.33833 

32 25.49030 -80.34032 
33 25.48680 -80.33996 
34 25.48532 -80.33964 

A8 25.48128 -80.33967 35 25.48022 -80.34032 
36 25.47977 -80.34034 

14 25.47361 -80.34003 37 25.47707 -80.34036 
38 25.46934 -80.34016 
39 25.46579 -80.33761 

A6 25.45211 -80.33133 40 25.45878 -80.33721 
41 25.45537 -80.33617 
42 25.45039 -80.33062 
43 25.44463 -80.33092 
44 25.44296 -80.33012 

NONE   45 25.43778 -80.32408 
46 25.43767 -80.32155 
47 25.43728 -80.31927 
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Table 2: Overview of selected indicator species and parameters. 

 Water quality SAV Epifauna Mangrove Fish 

Species -- 

Thalassia 
Halodule 

Goldspotted killifish 
Gulf pipefish 
Pink shrimp 
Palaemonetes spp. 

Goldspotted killifish 
Yellowfin mojarra 
Gray snapper 

Specific 
Focus 

Mesohaline Index 
Oligohaline Index 
Oligo-Mesohaline index 
Hyperhaline Index 
Variability Index 
Salinity Regime Suitability Index 
Mesohaline Duration Index 
Oligohaline Duration Index 
Oligo-Mesohaline Duration Index 
Hyperhaline Duration Index 

Percent Cover 
Canopy Height 
Spatial Extent 
 

Occurrence 
Density 

Occurrence 
Density 
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Table 3: Simplified color scheme for salinity indices. 

 Red Yellow Green 
Mesohaline Index Min = Lowest value in 

matrix 
50% Max = Mean seasonal 

value at DJ* 
Hypersaline Index Max = Highest value in 

matrix 
50% Min = Mean seasonal 

value at DJ* 
Variability Index Max = Highest value in 

matrix  
50% Min = Mean seasonal 

value at DJ* 
SRSI Min = Lowest value in 

matrix 
50% Max = Mean seasonal 

value at DJ* 
Red = Not Suitable 
Yellow = Adequate  

Green = Optimal 
 
*DJ =Downstream Joe Bay, 25.21665 N and -80.55563W, chosen reference site, data provided by J. Lorenz (The 
Coastal Wetlands Monitoring and Assessment Project, Florida Audubon Tavernier Science Center, unpublished data)  
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Table 4: Temporal overview and descriptions of ‘extreme’ events occurring in Biscayne Bay, Florida, 
2004-2016. We considered a given season as hypersaline if its average (i.e., across all operating YSI 
stations) hypersalinity index value exceeded 0.08. This 0.08 index threshold value corresponds to salinity 
conditions > 40 psu occurring for a two weeks of the 6-month season.  

 

 

 

 

 

 

 

 

 

Year Season Description 
2004 Wet Hypersalinity 
2010 Dry Cold Snap 
2011 Wet Hypersalinity 
2013 Wet Algae Bloom 
2015 Wet Hypersalinity 
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Figure 1: IBBEAM sampling area. Site labels and locations provided in Table 1. *Circles present sampling 
areas (red-Biota site sampled semiannual; blue-Waterquality site sampled all year around). 

S-700 Pump 
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Figure 2: Salinity indices,  November-April (dry season, D) and May to October (wet season, W). As average of the CYR 2004-2016. Color scheme 
shown in Table 3.
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Figure 3: Percent cover of the three dominant seagrass species in western Biscayne Bay since the start of 
our SAV monitoring program in 2008. The data presented were collected from nearshore (< 100 m from 
shore, left panel) and offshore (100-500 m from shore, right panel) habitats during the wet season in the 
region between Matheson Hammock and Turkey Point. 

 

 

(A) 
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Figure 4: Occurrence of Halodule and Thalassia by year and season (blue colored symbol indicates wet 
season) 2008-2016 from the 47 nearshore IBBEAM sites. Co-occurrence values represent the proportion 
of sites where both seagrass species were documented each year. 

*vertical bars represent various ‘extreme’ events: red = hypersalinity, blue = cold snap, green = algae bloom (details 
see Table 4)  
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Figure 5: Spatial analysis of (A) Halodule cover (%) and (B) Thalassia cover (%). (D=dry season, W=wet season, Calendar-year 2008-2016). Table 
shows proportional cover values of interpolated areas.
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Figure 6: Occurrence (circle) and mean density (triangle) of epifaunal (SAV-associated) (A) goldspotted 
killifish, (B) gulf pipefish, (C) Penaeid shrimp spp., and (D) Palaemonetes spp. by year and season (open 
symbols indicate dry season). Density is number per 3m2.  
*vertical bars represent various ‘extreme’ events: red = hypersalinity, blue = cold snap, green = algae bloom (details 
see Table 4) 
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Figure 7: Spatial analysis of epifaunal (SAV-associated) (A) goldspotted killifish, (B) gulf pipefish, (C) Penaeid shrimp spp.  and (D) Palaemonetes spp 
abundance. (D=dry season, W=wet season, Calendar-year 2008-2016). Density per 3m2.
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Figure 8: Occurrence and mean density of mangrove-associated (A) goldspotted killifish, (B) gray snapper, 
and (C) yellowfin mojarra by year and season (blue colored symbol indicates wet season). Density per 
30m2.

 

 

 

 

 

 

 

 

 

 

 *vertical bars represent various ‘extreme’ events: red = hypersalinity, blue = cold snap, green = algae bloom (details see Table 4) 
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Figure 9: Spatial analysis of mangrove-associated (A) goldspotted killifish, (B) gray snapper and (C) yellowfin mojarra abundance. (D=dry season, W=wet 
season, Calendar-year 2008-2016). Density per 30m2.  
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Figure 10: Regression model predictions of occurrence and cover of Halodule (A) and Thalassia (B). 
Models are statistically significant at p<0.05 (see Appendix B Table 1). 
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Figure 11: Regression model predictions of occurrence and density of epifaunal (A) goldspotted killifish, 
(B) gulf pipefish, (C) Penaid shrimp spp and (D) Palaemonetes spp. Models are statistically significant at 
p<0.05 (see Appendix B Table 1).   
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Figure 12:  Regression model predictions of occurrence and density of mangrove (A) goldspotted killifish, 
(B) gray snapper, and (C) yellowfin mojarra. Models are statistically significant at p<0.05 (see Appendix B 
Table 1). 
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Figure 13:  Comparison of (A) flow (cfs) from S-700 (DBkey AI615) with (B) salinity data from site D2. 
November 2012 to October 2016.   
Flow data source:http:/my.sfwmd.gov/dbhydroplsql/show_dbkey_info.main_menu. 
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Figure 14: Site D2 (A) daily average salinity data and (B) boxplot of 15min salinity data before (2010W-
2012W) and after (2013D – 2016W) Deering Estate flow-way implementation. (White line = Mean, black 
horizontal line = Median, black circles = 5th/95th percentile, red box = 25th/7th percentile, black vertical 
lines = minimum/maximum. Horizontal blue band represents mesohaline range ≥5 and <18psu defined by 
Venice system).  
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Figure 15: Mesohaline Index value, during (A) wet season and (B) dry season, 2010 to 2016, for all sites 
from Deering Estate to Black Point (D2 to B4), and one site south of Black Point (Site 40). Colored lines 
present data from sites near Deering Estate. 
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Figure 16: Percent change of mesohaline index value from (A) wet 2012 to wet 2013, (B) wet 2012 to 
wet 2014 and (C) wet 2012 to wet 2015, (D) wet 2012 to wet 2016 at WQ sites from Deering Estate 
southward to Black Point.  
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Figure 17: Percent change of mesohaline index value from (A) dry 2012 to dry 2013, (B) dry 2012 to dry 
2014 and (C) dry 2012 to dry 2015, (D) dry 2012 to dry 2016 at WQ sites from Deering Estate southward 
to Black Point.  
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Appendix A Table 1: Mesohaline Index by water-year (WYR), calendar-year (CYR),  and season (Wet=May-Oct; Dry=Nov-Apr). (MI=proprotion of 
salinity observations ≥5-<18). Mean is calculated from WYR 2004-2017. Color scheme see Table 3. (For 2004-2007 see IBBEAM 3rd Annual 
Report.) 

 

** Cells not color coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 2: Oligohaline Index by water-year (WYR), calendar-year (CYR),  and season (Wet=May-Oct; Dry=Nov-Apr). (MI=proprotion of 
salinity observations < 5). Mean is calculated from WYR 2004-2017. Color scheme see Table 3. 

 

** Cells not color coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 3: Oligo-mesohaline Index by water-year (WYR), calendar-year (CYR),  and season (Wet=May-Oct; Dry=Nov-Apr). 
(MI=proprotion of salinity observations < 18 ). Mean is calculated from WYR 2004-2017. Color scheme see Table 3. 

 

** Cells not color coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 4: Hyperhaline Index by water-year (WYR), calendar-year (CYR), and season (Wet=May-Oct; Dry=Nov-Apr). (HI=proprotion of 
salinity observations >40). Mean is calculated from WYR 2004-2017. Color scheme see Table 3. (For 2004-2007 see IBBEAM 3rd Annual Report.) 

 

 
** Cells not color coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 5: Variablity Index by water-year (WYR), calendar-year (CYR), and season (Wet=May-Oct; Dry=Nov-Apr). (Variability proportion 
of observations where daily salinity range >5). Mean is calculated from WYR 2004-2017. Color scheme see Table 3. (For 2004-2007 see IBBEAM 
3rd Annual Report.) 

 

** Cells not color coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 6: Salinity Regime Suitablity Index by water-year (WYR), calender-year (CYR), and season (Wet=May-Oct; Dry=Nov-Apr). This 
index is a composite of the mesohaline, hypersaline and variability indices presented above. Mean is calculated from WYR 2004-2017. Color 
scheme see Table 3. (For 2004-2007 see IBBEAM 3rd Annual Report.) 

 

** Cells not color-coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 7: Maximum duration of mesohaline salinity conditions (Number of consecutive days with salinity ≥5-<18 ) by water-year 
(WYR), calendar-year (CYR), and season (Wet=May-Oct; Dry=Nov-Apr). Mean is calculated from WYR 2004-2017. Color scheme see Table 3. (For 
2004-2007 see IBBEAM 3rd Annual Report.) 

 

** Cells not color-coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 8: Maximum duration of oligohaline salinity conditions (Number of consecutive days with salinity < 5 ) by water-year (WYR), 
calendar-year (CYR), and season (Wet=May-Oct; Dry=Nov-Apr). Mean is calculated from WYR 2004-2017. Color scheme see Table 3.  

 

** Cells not color-coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 9: Maximum duration of oligo-mesohaline salinity conditions (Number of consecutive days with salinity < 18 ) by water-year 
(WYR), calendar-year (CYR), and season (Wet=May-Oct; Dry=Nov-Apr). Mean is calculated from WYR 2004-2016. Color scheme see Table 3.  

 

** Cells not color-coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix A Table 10: Maximum duration of hypersalinity events (Number of days with salinity >40) by water-year (WYR), calendar-year (CYR), 
and season (Wet=May-Oct; Dry=Nov-Apr). Mean is calculated from WYR 2004-2017.  Color scheme see Table 3. (For 2004-2007 see IBBEAM 3rd 
Annual Report.) 

 

** Cells not color-coded (i.e., white) represent absent or incomplete (gray values) datasets 
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Appendix B Table 1: Final regression model estimates for Halodule (Halo) and Thalassia (Thal), for epifaunal goldspotted killifish (Gold), gulf 
pipefish (Gulf), Penaid shrimp spp. (Penaid) and Palaemonetes spp. (Palae) and for mangrove-associated goldspotted killifish (Flo car), gray 
snapper (Lut gri) and yellowfin mojarra (Ger cin)  occurrence (A) and  density (B). (S=Salinity; T=Temperature; D=Depth; Th=Thalassia; Ha=Halodule; 
Syr=Syringodium; C=Canopy height; X2=Square terms). Only statistically significant (P < 0.05) model terms were included in final models. 

(A) 
 

Taxon Intercept S D T C TH HA SYR S2 D2 T2 C2 TH2 H2 SYR2 C-Value 
Halo 3.295 -0.154 -0.879 0.130 N/A N/A N/A N/A 0.001 0.018 -0.003 N/A N/A N/A N/A 0.759 

Thal -2.195 0.082 0.343 0.055 N/A N/A N/A N/A    N/A N/A N/A N/A 0.700 

Gold -6.807 0.121  0.446 0.023  0.050  -0.003  -0.009   -0.001  0.668 

Gulf -12.269 0.228  0.901 0.077  0.053  -0.005  -0.021 -0.002  -0.001  0.783 

Penaeid -0.602 0.182  -0.048  0.058 0.069  -0.004    -0.001 -0.001  0.669 

Palae 3.077 -0.040  -0.110   0.045        -0.001  0.682 

Flo car 5.132 0.053 -0.042 -0.134 N/A N/A N/A N/A -0.001   N/A N/A N/A N/A 0.751 

Lut gri -16.931 0.028 0.078 0.749 N/A N/A N/A N/A  -0.0002 -0.012 N/A N/A N/A N/A 0.77 

Ger cin -10.595 -0.016 0.066 0.439 N/A N/A N/A N/A  -0.0003 -0.006 N/A N/A N/A N/A 0.68 

 (B) 
 

Taxon Intercept S D T C TH HA SYR S2 D2 T2 C2 TH2 H2 SYR2 R-Value 
Halo 0.407 -0.016 -0.075 0.009 N/A N/A N/A N/A 6.2E-05 0.002 -0.0003 N/A N/A N/A N/A 0.203 

Thal -0.154 0.008 0.061 0.009 N/A N/A N/A N/A -3.1E-05 -0.002  N/A N/A N/A N/A 0.087 

Gold 1.216 -0.011 -0.003    0.024 0.017      0.000  0.061 

Gulf -1.944 0.076  0.178 0.020  0.019  -0.002  -0.005 -0.001  0.000  0.245 

Penaeid 0.826 0.062  -0.027  0.014 0.022  -0.002     0.000  0.071 

Palae 2.088 -0.013  -0.048   0.025       0.000  0.088 
Flo car 4.934 0.025 -0.041 -0.081 N/A N/A N/A N/A -0.001 0.0001  N/A N/A N/A N/A 0.156 

Lut gri -4.085 0.017 0.014 0.194 N/A N/A N/A N/A  8.5E-05 -0.003 N/A N/A N/A N/A 0.238 

Ger cin -1.232 0.015 0.018 0.034 N/A N/A N/A N/A -0.001 -8E-05  N/A N/A N/A N/A 0.075 
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Appendix C Figure 1: Total annual rainfall data (average of S20G, S20G, S21A, S21, S123) from wet 
season CYR 2010 to wet season CYR 2016. Data source: http://www.sfwmd.gov/ 

 

 

 

 

 

 

 

 

 

 

 

Appendix C Figure 2: Total annual flow data (sum of S20G, S20G, S21A, S21, S123) from wet season CYR 
2010 to wet season CYR 2016. Data source: http://www.sfwmd.gov/ 
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