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Abstract Deltaic systems are composed of distributary channels and interdistributary islands. While
previous work has focused either on the channels or on the islands, here we study the hydrological
exchange between channels and islands and point at its important role in delta morphology and ecology.
We focus our analysis on Wax Lake Delta in coastal Louisiana (USA) and characterize the surface water
component of hydrological connectivity through measurements of water discharge and hydraulic tracer
propagation. We find that deltaic islands are zones of significant water flux as 23–54% of the incoming
distributary channel flux enters the islands. A calculation of the travel times through a channel-island
complex shows travel times through the islands to be at least 3 times their channel counterparts. A dye
release experiment also indicates that travel times in islands are much longer that those within channels
as dye remained in the island for the 3.8 day duration of the experiment. Additionally, islands are more
sensitive than channels to environmental forces such as tides, which cause flow reversal and thus can
increase travel times through the islands. Our work defines the ‘‘hydrological network’’ of a river delta to
include not only the distributary channel network but also the interdistributary islands, quantifies the
implications of channel-island hydrological connectivity to travel times through the system, and discusses
the relevance of our findings to channel mouth dynamics at the delta front and the potential for denitrifi-
cation in coastal systems.

1. Introduction

Hydrological connectivity refers to flows of matter and energy (water, sediment, nutrients, etc.) through dif-
ferent components of a landscape [Tetzlaff et al., 2007; Bracken et al., 2013]. Frameworks built on the con-
cept of hydrological connectivity can be useful for understanding the processes that drive landscape
maintenance and evolution. For tributary systems, the hydrological connection between the channel and its
floodplain plays an important role in sediment transport and deposition [Walling et al., 1998; Day et al.,
2008; Trigg et al., 2012], nutrient cycling [Tockner et al., 1999; Noe et al., 2013], and biodiversity and produc-
tivity [Bornette et al., 1998; Pongruktham and Ochs, 2015]. Although hydrological connectivity in river net-
works is an area of active research [e.g., Bracken and Croke, 2007; Ali and Roy, 2009; Fryirs, 2013; Bracken
et al., 2013], similar work in coastal river deltas has yet to be developed. Bracken et al. [2013] summarize
hydrological connectivity within two categories: (1) structural connectivity, which refers to the spatial
arrangement of the landscape that controls patterns in flux pathways, and (2) process-based connectivity,
which refers to environmental processes that produce the magnitude and direction of those fluxes. This
paper investigates hydrological connectivity in river deltas by quantifying the hydrological exchange
between channels and interdistributary islands (the deltaic equivalent of the tributary floodplain) and dis-
cusses its importance for delta morphology and ecology.

In recent years, an increased interest in the study of the processes controlling delta eco-geomorphology
has been brought forth by a need to mitigate problems associated with coastal wetland loss [Day et al.,
2000, 2007], increased nutrient loading to receiving waters [Turner and Rabalais, 1994; Rabalais et al., 2002;
Castro et al., 2003], anthropogenic influence [Syvitski and Saito, 2007; Syvitski et al., 2009; Pethick and Orford,
2013], and other factors. Previous work on river delta surface processes has focused on one of two zones:
the distributary channels or the interdistributary islands, which are the subaerial manifestation of delta
structure due to sediment deposition [Edmonds and Slingerland, 2007; Edmonds et al., 2011a]. Work on the
distributary channels has primarily been concerned with the network topology [Smart and Moruzzi, 1972;
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Morisawa, 1985; Edmonds and Slingerland, 2007; Jerolmack and Swenson, 2007; Edmonds et al., 2011a; Tejedor
et al., 2014a, 2014b], bifurcation dynamics [Bolla Pittaluga et al., 2003; Edmonds and Slingerland, 2007; Sassi
et al., 2013], mouth bar formation [Wright, 1977; Edmonds and Slingerland, 2007; Rowland et al., 2010; Mario-
tti et al., 2013], and the sediment transport within the channel and to the receiving waters [Syvitski et al.,
2005; Syvitski and Saito, 2007; Nittrouer et al., 2008; Shaw et al., 2013]. Within the islands, research has been
concerned with island geometry [Edmonds et al., 2011a; Passalacqua et al., 2013], vegetation dynamics [Neill
and Deegan, 1986; Keddy et al., 2007; Carle, 2013], and the island biogeochemistry [Henry and Twilley, 2014]
which has highlighted that deltaic wetlands are zones of significant denitrification able to reduce the nutri-
ent export to receiving waters [Lane et al., 1999, 2003; DeLaune et al., 2005; Yu et al., 2006; Rivera-Monroy
et al., 2010; Henry and Twilley, 2014]. These studies have focused on either the distributary channels or the
interdistributary islands and not on the hydrological connectivity between the two. The role of process-
based connectivity in coupling channel and island processes has been ignored in the literature and ele-
ments of structural connectivity between channels and islands have yet to be defined.

Hydrological connectivity is a controlling factor on the frequency and degree of inundation of delta islands,
bringing water, sediment, and nutrients to the island interiors. Inundation of the interdistributary islands is
a function of internal and external forces (such as riverine input, tides, and wind). Feedback mechanisms
among internal dynamics of water, sediment, and nutrients play a fundamental role in deltas. As such,
quantification of environmental fluxes to, within, and out of interdistributary islands under a suite of envi-
ronmental forces is of a critical relevance to the understanding of processes shaping delta evolution. Fur-
thermore, many researchers have pointed to the isolation of the channel from its floodplain due to levee
construction, which can be seen as a form of hydrological (dis)connectivity [Fryirs, 2013], as the major factor
in the acceleration of deltaic wetland degradation [Boesch et al., 1994; Day et al., 2000, 2007; Paola et al.,
2011]. Engineered river diversions have been proposed as a restoration strategy [Kim et al., 2009; Allison and
Meselhe, 2010; Paola et al., 2011]. Thus, an understanding of the dynamics of hydrological connections and
their associated fluxes in deltaic networks would provide a context for evaluating restored wetlands and
assessing the status of vulnerable deltaic systems [Larsen et al., 2012].

The goal of this study is to characterize structural and process-based connectivity in a coastal river delta by
measuring water fluxes through the delta network of channels and islands at the Wax Lake Delta (WLD) in
coastal Louisiana (Figure 1). The rapid formation of WLD since the 1970s with little human influence has
made this delta a model for land-building river diversions in the Mississippi Delta region [Kim et al., 2009;
Paola et al., 2011]. In order to assess the hydrological connectivity at WLD, we (1) quantify the amount of
water delivered to the interdistributary islands, (2) identify internal and external drivers of flow pathways
within an interdistributary island by monitoring the propagation of a hydraulic dye tracer, (3) calculate
travel times through a channel-island complex, and (4) establish measures of structural and process-based
connectivity in coastal river delta environments. The conclusions drawn from these analyses advance the
understanding of hydrological connectivity and eco-geomorphology in coastal deltaic systems.

The remainder of the paper is structured as follows. The field site is presented in section 2 followed by a
description of the instrumentation and data collection in section 3. Section 4 analyzes the velocity cross sec-
tions collected along two major distributary channels and within the interdistributary islands, the propaga-
tion of the hydraulic dye tracer released on a deltaic island, and travel times through a channel-island
complex. Section 5 contains a discussion of the results in the context of hydrological connectivity and delta
eco-geomorphology and presents a framework for the analysis of hydrological connectivity in coastal delta
systems. We state the conclusions of this contribution in section 6.

2. Site Description

WLD is an O(100 km2) delta located in coastal Louisiana (Figure 1) at the mouth of the 25 km long Wax Lake
Outlet (WLO), which debouches into the Atchafalaya Bay about 140 km WSW of New Orleans. The WLO is a
1941 diversion dredged by the U.S. Army Corps of Engineers in an effort to reduce flooding of the Atchafa-
laya River [Fisk, 1952]. The diversion subsequently carried and deposited sediment, causing the delta to
become subaerially emergent in 1973 [Roberts et al., 1997]. The delta has been steadily building land since,
making it one of the few deltas formed during an observable time period. Sediment input to WLD is esti-
mated to be 38.4 Mt yr21 with 18% being sand [Kim et al., 2009]. Sand deposition caused most of the WLD’s
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Figure 1. (a) Map of Louisiana and the major rivers contributing to the discharge at the Wax Lake Outlet (WLO) and the Wax Lake Delta (WLD). The WLO debouches into the Atchafalaya
Bay at WLD and receives its discharge from the Atchafalaya River, which is fed by the Red and Mississippi Rivers. (b) The lowermost portion of the Atchafalaya River Basin. The USGS
Gauge #07381590 in Calumet, LA is located about 18 km upstream of WLD along the WLO. The NOAA Lawma-Amerada Pass station (NOAA #8764227) is located in the adjacent Atchafa-
laya delta about 12 km ESE of the study region. (c) Map of the field measurements at Wax Lake Delta. Locations of ADCP transects traversed in Main and Gadwall Passes (16–29 June
2014) and on Mike Island (23–24 July 2012) are marked. The extent of the S3 channel has been mapped. Image specifications: LANDSAT 8 image from 19 June 2014 at 30 m resolution
obtained from the USGS Global Visualization Viewer (available online at http://glovis.usgs.gov/). (d) Sensor locations for the dye tracer study performed on Mike Island from 7 to 11 Feb-
ruary 2014. The pink hexagon between Sites 1 and 2 marks the location of the dye release point. Site S1 is the location of a secondary channel measured on 22 July 2012 and its extent
has been mapped. The image is aerial photography from 6 November 2009 with 0.30 m resolution.
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270 mm yr21 vertical accretion from
1981 to 1997 [Edmonds et al., 2011a]
and the deltaic deposit is estimated
to be 50–70% medium sand [Roberts
et al., 1997]. Mixed semidiurnal
microtides (average range of 0.35 m)
modulate water levels on the low-
gradient delta. The average annual
flow in the WLO is 2500 m3 s21 and
the annual flood tends to peak
above 5000 m3 s21 (Figure 2). Esti-
mates of delta progradation rate, the
rate of land building, and the total
subaerially exposed land obtained
through remote sensing analysis
[Roberts et al., 2003; Allen et al., 2011]
and morphodynamic modeling
[Parker and Sequeiros, 2006] are quite
variable among studies. For more
complete descriptions of the forma-

tion, evolution, and sedimentology of WLD, see the works of Fisk [1952], Roberts et al. [1997, 2003], and
Shaw et al. [2013].

The WLD is composed of channels and partially inundated interdistributary islands (Figure 1). The channel net-
work can be divided into primary (>100 m width) and secondary channels. Primary channels distribute water
through the system to the Atchafalaya Bay, while secondary channels connect the primary channels to the inun-
dated island interiors [Shaw et al., 2013]. At the initial bifurcation of WLD, a large flow asymmetry exists and the
downstream topology of the two branches differs greatly. The downstream topology of the eastern branch is
characterized by elongated channels with relatively few bifurcations [Edmonds et al., 2011a], while the western
branch receives a smaller percentage of the flow and its downstream topology includes shorter channels with
more bifurcations and confluences. The islands in the eastern portion tend to have greater rates of lateral and
downstream migration as compared to the islands downstream of the western branch of the initial bifurcation
[Shaw et al., 2013]. Island levees within 4 km of the delta apex are populated with Salix nigra (black willow) and
seem to be more stable than those without Salix nigra [Shaw et al., 2013]. The low-relief islands are characterized
by natural levees that transition from subaerial to subaqueous with increasing distance from the island apices
and downstream boundaries that are open to the bay. Levees in both the subaerial and subaquaeous regions
are intersected by secondary channels. Near the island apices, vegetation is dense and the elevation is high in
comparison to the more bayward portions of the islands, which are deeper and less vegetated.

A pictorial summary of the levee types and their relation to channel-island connectivity is presented in Figure 3.
In the most upstream portions of the WLD channel network, Salix nigra (black willow) is present on the subaerial
levees (e.g., Figure 3a). Moving downstream, the levees initially remain subaerial (e.g., Figures 1c and 3b–3f). Fur-
ther downstream, both subaerial and subaqueous levees are observed, with the amount of submerged levees
increasing downstream. At the channel mouths, the levees are mostly subaqueous, but less than 1 m in depth.
Some of the subaqueous levees have dense vegetation (Figure 3g), while others are sparsely vegetated (Figure
3h). There are multiple secondary channels along the banks of both distributary channels (e.g., Figures 3c–3f).
Secondary channels are present in the subaqueous portion as well. While these observations refer to the time
and conditions at which the pictures were taken, an overall trend of increasing structural connectivity (second-
ary channels and subaqueous levees) moving toward the bay characterizes WLD.

3. Field Data Collection

A field campaign at WLD aimed at capturing the channel-island hydrological connectivity was composed of
three trips spanning from February 2012 to June 2014. We measured (1) flow into and out of interdistribu-
tary islands via secondary channel flow, (2) the discharge along two primary channels and the allocation of
water to the islands, and (3) the hydraulic behavior of an interdistributary island.

Figure 2. Average and maximum annual flows in the Wax Lake Outlet at the USGS
Gauge #07381590 in Calumet, LA [USGS, 2014]. Average annual flows tend to be
2000–3000 m3 s21 and annual floods peak above 5000 m3 s21.
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Figure 3. Examples of channel-island surface water connectivity at Wax Lake Delta. The date on which each photo was taken is in paren-
theses. Locations are mapped in Figure 1c. (a) East bank of transect D (19 June 2014). The vegetated subaerial bank limits hydrological con-
nections to high water events. Salix nigra (black willow) line the levees in this region. (b) Mike Island subaerial vegetated levee (20 June
2012). Dense vegetation limits flow exchange over the levee top. (c) A secondary channel on the bank east of the island in the northeast
corner of WLD (20 June 2014) with a vegetated flow path. (d) A secondary channel off Main Pass (18 May 2014). Vegetation within the sec-
ondary channel can limit connectivity. (e) A secondary channel with partially vegetated banks leading into Mike Island (20 June 2012). (f) A
secondary channel with vegetated banks leading into the island in the northeast corner of WLD (8 May 2013). (g) A vegetated subaqueous
levee near the east bank of transect J (19 June 2014). (h) The partially vegetated subaqueous levee on the east bank of transect K (19 June
2014).
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Field measurements of fluxes through hydrological connections prove difficult in deltaic systems where a
suite of environmental forces influence the dynamics of the system. Relatively rapid changes in water level
due to tides and wind can drastically alter the connectivity at WLD (N. Geleynse et al., Identifying environ-
mental controls on the shoreline of a natural river delta, submitted to Journal of Geophysical Research: Earth
Surface, 2014), which is problematic when attempting to quantify connectivity measures. However, the rela-
tively small area of WLD and the microtidal regime make WLD an ideal location to measure fluxes through
hydrological connections on a system scale while controlling for water level fluctuations due to tides.

3.1. Secondary Channel and Island Discharge Measurements
Velocity transects on Mike Island (marked by transects in Figures 1c and 1d) were measured on 23–24 July
2012 during both rising and falling tides. Measurements of flow in secondary channels were made at trans-
ects S1 and S3 (Figures 1c and 1d) on 22 and 24 July, respectively, while the Mike transect (Figure 1c) was
measured during both falling and rising tide on 23 July. A 2 MHz RDI StreamPro operating in water mode
12sp (a multiping version of water mode 1) [Mueller et al., 2013] was towed across the transects. Each ping
was composed of eight subpings and an ensemble output rate of 1 Hz was maintained. Bin sizes ranged
from 0.03 to 0.10 m, depending on the maximum depth of the transect, and towing speed ranged from 0.5
to 0.9 m s21. The transducer sat 0.05 m below the water surface and had a blanking distance of 0.03 m. At
least two duplicate transects were traversed at each location. The average discharge measured at the USGS
gauge #07381590 [U.S. Geological Survey (USGS), 2014] in Calumet, LA (18 km upstream of the WLD apex)
was 1021 m3 s21 for the duration of the measurements (the discharge at the Calumet station is given for
each field trip to give context, but the magnitude is not assumed to be the discharge entering the WLD
apex). Water levels averaged every 6 min from the NOAA Lawma-Amerada Pass tide gauge #8764227
[National Oceanic and Atmospheric Administration (NOAA), 2014] were referenced to mean lower-low water
datum (MLLW) and used to relate the measured discharges to the tidal cycle.

3.2. Distributary Channel Discharge Measurements
Hydrographic surveys were performed in two major distributary channels at WLD from 16 to 19 June 2014.
A boat-mounted acoustic Doppler current profiler (ADCP) measured velocity transects in both Gadwall and
Main Passes. The transects were labeled ‘‘L–P’’ for Gadwall and ‘‘G–K’’ for Main (Figure 1c). Velocity transects
at the feeder channel upstream of the two passes (location D) were also measured. The 2 MHz RDI Stream-
Pro with the long-range upgrade measuring in water mode 12sp was mounted and floated from the bow of
the R/V Bluerunner. Eight subpings comprised each ping and the data output rate was maintained at 1 Hz.
The ADCP transducer sat 0.05–0.06 m below the water surface and had a blanking distance of 0.03 m. The
bin size was 0.15–0.20 m, depending on the maximum depth of the transect. Boat speed averaged to about
1.0 m s21. ADCP transects were collected during both rising and falling tides, and were marked accordingly.
Quadruplicate transects were traversed for each measurement, unless otherwise noted, to ensure precise
results in accordance with USGS standards [Mueller et al., 2013]. On average, traversing four transects took
about 30 min (1800 s). To calculate discharge, the measured velocities were projected onto the average
flow direction for each transect and the depth profiles to the banks were linearly extrapolated. To relate the
velocity measurements with the tidal cycle, water levels were collected from the NOAA Lawma-Amerada
Pass tide gauge [NOAA, 2014]. Average discharge from 16 to 19 June at the Calumet gauge was 3344 m3

s21 [USGS, 2014] and the discharge entering the WLD downstream of the initial bifurcation was 2880 m3

s21 during falling tide on 20 June.

Site selection for the discharge measurements was based on spatial and temporal feasibility. As changes in
water level due to tides, river discharge, and wind may greatly alter the hydrodynamics at WLD, measure-
ment of transects under similar conditions throughout the entire channel network is not feasible. In addi-
tion, the presence of distributary channel confluences adds considerable complexity to the measurement of
discharge along the length of a primary channel. Therefore, we selected Gadwall and Main Passes due to
their manageable spatial extent and because of the lack of confluences downstream of the initial bifurca-
tion (location D in Figure 1c).

3.3. Mike Island Tracer Experiment
A dye tracer study was performed on Mike Island from 7 to 11 February 2014. Nine measurement stations
were deployed in the arrangement shown in Figure 1d, which extended 3200 m longitudinally along the
axis of Mike Island and spanned 200 m laterally. Sites 1, 2, and 4 were placed in intervals of 100 m
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longitudinally and Sites 3 and 5 were laterally spaced 100 m from Site 4. Site 6 was 175 m south of Site 4
and Sites 7–9 were spaced at 800–1000 m intervals, depending on site conditions, along the longitudinal
axis of the island. Each measurement site was equipped with a YSI 600 OMS optical rhodamine sensor
(accuracy: greater of 65% reading and 1 lg L21) measuring at 45 s intervals and Sites 1, 3, 5, 7, 8, and 9
were equipped with Solinst Levelogger Junior Edges (accuracy: 610 mm) collecting a reading every 60 s. In
addition, we collected wind velocity measured at 6 min intervals from the NOAA Lawma-Amerada Pass sta-
tion (measured at a height of 10 m) [NOAA, 2014]. The average discharge at the Calumet station was
2130 m3 s21 for the duration of the experiment.

On 7 February at 15:14 CST, 1700 mL of rhodamine dye tracer was released 60 m south of Site 1 and 40 m
north of Site 2. The dye was stirred at the injection point to promote vertical mixing throughout the water
column. Dye propagation was observed by measurement stations until 9:40 on 11 February.

Mike Island was selected as the study location for the tracer experiment based on its potential as a hot spot
for denitrification. Relatively long residence times on the relatively large and long island may promote the
cycling of nitrogen [Nixon et al., 1996]. A time series analysis of satellite imagery at WLD reveals that Mike
Island is relatively old, which has been linked to higher organic matter content and rates of denitrification
[Henry and Twilley, 2014].

4. Results

4.1. Hydrological Connectivity Via Secondary Channels
Flow direction in relatively small secondary channels at WLD was modulated by tides. Discharge at S1 was
0.65 m3 s21 during falling tide on 22 July 2012. The flow direction pointed out of the island (northwest), but
reversed during rising tide yielding a discharge of 0.63 m3 s21 with a flow direction pointing into the island
interior (southeast). The magnitudes of the discharge were essentially unchanged. At S3, the discharge was
9.90 m3 s21 during falling tide. The flow direction pointed into the island interior (west) for S3 regardless of
tidal regime, supporting the notion of discharge being carried from the channels to the islands via second-
ary channels. With a width of about 45 m, S3 represents a relatively large secondary channel at WLD,
roughly 4 times wider than S1.

4.2. Hydrological Connectivity Via Primary Channel Leakages
The results of the discharge measurements in Gadwall and Main Passes are summarized in Table 1. Dis-
charges at the bifurcation creating Gadwall and Main Passes showed good agreement between the feeder
channel (transect D) and the downstream branches (transects G and L). On 18 June during falling tide,
measurements at D yielded discharges of 970 and 1126 m3 s21 separated by 1.7 h. Temporally bounded by
the measurements at D, transects G and L had discharges of 277 and 779 m3 s21, which computes to a 94–
109% agreement between upstream and downstream. Similar behavior was captured on 19 June during ris-
ing tide when the discharges had a 97% agreement between D and the sum of G and L.

Figure 4 shows the downstream velocity structure for the five locations along Gadwall Pass on 18 June
2014. The figure spans a time period between falling tide until just after low tide. For each transect, the
velocity core follows the thalweg of the channel and is near the surface. Maximum velocities tend to
decrease moving downstream, but there are also changes due to the transition from falling to rising tide.
Channel area and maximum depth decrease in the downstream direction, along with the discharge. A simi-
lar structure was observed for all of the measured transects (not shown).

Discharge measurements in Gadwall Pass on 16 June are shown in Figures 5a and 5b together with the
water level at the time of each measurement. During falling tide, the average discharge at transect L-fall
was 775 m3 s21. An increase in discharge was observed when moving downstream to transect M, which
had an average discharge of 836 m3 s21. This increase was likely due to increased velocities in Gadwall Pass
associated with the falling of the tide. After the measurement at transect M, a steady decline in average dis-
charge in Gadwall Pass was observed. Transect N had an average of 725 m3 s21, transect O had an average
of 533 m3 s21, and transect P was measured at an average of 359 m3 s21. During rising tide, the flow at L
was measured, but rough water surface conditions including waves caused inaccurate measurements.
Increasing winds from the southeast (average above 3 m s21, NOAA [2014]) were observed during the rising
tide measurements at L. The discharge exiting Gadwall Pass at transect P was 46% of that measured at

Water Resources Research 10.1002/2014WR016149

HIATT AND PASSALACQUA CONNECTIVITY IN RIVER DELTAS 2270



L-fall. This percentage, however, does not account for the changes in discharge induced by the tide, which
were measured on the second series of Gadwall Pass measurements.

On 18 June, repeat measurements were made in Gadwall Pass (Figures 5c and 5d). Little deviation in the
discharge measurements at L was induced by the change in tidal regime: falling tide average discharge at L
(L-fall) was 779 m3 s21, compared to an average of 746 m3 s21 during rising tide (L-rise). Discharges down-
stream of L followed a similar pattern as that observed on 16 June. Transect P was measured at an average
of 485 m3 s21. When considering the change between the two discharges (falling and rising) measured at L
and the average at P, 62–65% of the discharge entering at L flowed through P.

Velocity transects in Main Pass were traversed on 17 and 19 June 2014. Measurements on 17 June were per-
formed predominantly during the falling limb of the tidal cycle (Figures 6a and 6b). The falling and low tide
discharges (marked G-fall and G-low in Figure 6, respectively) were 272 m3 s21 and 279 m3 s21, respectively.
The discharge did not significantly change throughout the falling limb of the tidal cycle at this location.
However, during rising tide (G-rise), the average discharge was 208 m3 s21, which shows that tides do affect
the primary channel discharges. After the G-fall measurement, discharge decreased with downstream
distance, ending with an average discharge of 195 m3 s21 at transect K (Figures 6a and 6c). For the falling
limb of the tidal cycle, the discharge exiting Main Pass at K was 70–72% of that entering at G (G-fall and
G-low).

Figures 6c and 6d display the results from the velocity transects in Main Pass on 19 June 2014. At G, the ris-
ing (G-rise) and falling tide (G-fall) average discharges were 251 m3 s21 and 313 m3 s21, respectively. Dis-
charges did not steadily decrease moving downstream as measured on 17 June. This was likely due to the
transects G-rise, H, and I being taken during rising tide and J, K, and G-fall being measured during falling
tide. Transects H and I had discharges of 244 m3 s21 and 253 m3 s21, respectively, and discharge increased
to 290 m3 s21 at J, then dropped at K to 242 m3 s21. This trend is in line with the measured water levels. Dis-
charges were relatively low during rising tide at H and I, then increased at J in tandem with a decrease in
water level due to falling tide. When comparing the falling tide discharges at G-fall and K, 77% was retained,
which is in agreement with the observations on 17 June.

Table 1. Summary of Discharge Measurements From June 2014a

Time and Date Location Tide Q (m3 s21) A (m2) W (m)

10:30 16 Jun L Fall 774 (24) 1440 (69) 394 (17)
11:10 16 Jun M Fall 836 (11) 1348 (37) 433 (12)
12:16 16 Jun N Fall 725 (12) 1184 (17) 410 (9)
14:13 16 Jun O Rise 533 (16) 1166 (40) 403 (12)
15:14 16 Jun P Rise 359 (10) 1044 (90) 397 (18)
09:30 17 Jun G Rise 208 (4) 760 (13) 359 (3)
12:12 17 Jun G Fall 272 (8) 746 (11) 368 (8)
12:50 17 Jun H Fall 268 (10) 601 (11) 222 (4)
14:03 17 Jun I Slack 256 (5) 602 (19) 228 (17)
14:45 17 Jun J Fall 254 (11) 588 (5) 269 (9)
15:42 17 Jun K Fall 195 (1) 614 (15) 400 (10)
16:55 17 Jun G Fall 279 (7) 715 (24) 376 (12)
10:22 18 Jun D Fall 970 (13) 2307 (30) 706 (8)
11:20 18 Jun L Fall 779 (11) 1468 (31) 431 (7)
11:39 18 Jun G Fall 277 (2) 734 (14) 369 (4)
12:03 18 Jun D Fall 1126 (27) 2259 (15) 696 (5)
13:42 18 Jun M Slack 780 (15) 1379 (20) 462 (4)
14:45 18 Jun N Fall 751 (11) 1223 (21) 445 (9)
16:40 18 Jun O Slack 630 (16) 1157 (11) 412 (10)
17:17 18 Jun P Rise 486 (9) 1064 (48) 397 (37)
17:42 18 Jun L Rise 746 (4) 1445 (32) 427 (5)
08:27 19 Jun D Rise 972 (12) 2341 (28) 714 (1)
09:07 19 Jun G Rise 251 (7) 747 (14) 375 (4)
09:52 19 Jun L Rise 698 (13) 1488 (31) 429 (19)
11:10 19 Jun H Slack 244 (3) 626 (13) 228 (11)
11:50 19 Jun I Fall 253 (4) 607 (12) 233 (8)
13:08 19 Jun J Fall 290 (6) 604 (24) 298 (11)
13:43 19 Jun K Fall 242 (6) 612 (21) 413 (8)
14:24 19 Jun G Fall 313 (7) 733 (21) 389 (9)

aQuantities are averaged among the quadruplicate transects at each location. The average computed over fewer than four transects
is given in italics and values in parentheses are the standard deviations of the measurements.
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These results suggest that for Gadwall and Main Passes, 46–77% of the discharge entering the channel
exited the mouth of the channel into the bay, indicating that a significant volume of water was delivered to
the interdistributary islands (23–54%). Secondary channels and subaqueous levees likely served as conduits
for flow from the channels to the inundated interdistributary islands. The reduction in flow within Gadwall
and Main Passes coincided with a decrease in bank vegetation cover and a transition from subaerial to sub-
aqueous levees (Figure 3). This channel-island surface water exchange highlights the hydrological impor-
tance of the WLD islands.

4.3. Hydraulic Behavior of an Inundated Island
After its release, the dye rapidly propagated upstream to Site 1, peaking above the detection limit of 200 lg L21

(Figure 7a). Once the water levels began to fall on 7 February (Figure 7b) due to falling tide, the dye was again
detected at Site 1 and subsequently Sites 2 and 4, which were located on the longitudinal axis of Mike Island
directly downstream of Site 1 (Figure 1d). The plume of dye passed through Site 4 just after the higher-low tide,
about 5 h after the dye was released. At the lower-high tide occurring at 22:20 CST (all subsequent times listed
are CST), the dye moved back upstream and Site 4 saw an increase in rhodamine, peaking at 7.4 lg L21. About
0.3 h later, Site 2 detected rhodamine with a maximum concentration of 14.7 lg L21. The dye moved north at
least 150 m during this rising limb despite the predominantly ENE winds leading up to lower-high tide (Figure
7c). Dye was also detected at Site 6 at a peak concentration of 5.6 lg L21 at lower high tide. The subsequent
falling tide stretching into 8 February induced a rapid downstream propagation of the plume to Sites 7, 8, and

Figure 4. Spatiotemporal sequence of projected downstream velocity, u (m s21), in Gadwall Pass on 18 June 2014. The location of each
transect is labeled. The bed (solid line) is linearly extrapolated to the banks. The vertical resolution of the velocity profile is 0.15 m. For visu-
alization, the projected downstream velocity and depth profiles are horizontally binned at 15 m and averaged over repeat transects.
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9, resulting in an average falling tide velocity from Sites 1 to 9 of 0.11 m s21. For the period of time described
above, winds were less than 5 m s21 from the east to east-northeast (Figure 7c).

After the low tide on 8 February, rhodamine was detected in small concentrations at Sites 1–6 and 9 at vari-
ous times until high tide was reached. During this time period, wind rapidly changed direction but
remained at relatively mild speeds under 5 m s21. A small peak of dye at Site 6 appeared at 18:27 on 8 Feb-
ruary lasting about 0.5 h with a peak of 5.1 lg L21.

The next flurry of dye spikes occurred in the first half of the day on 9 February. At 1:32, a concentration
averaging 3.0 lg L21 passed through Site 9 in 5 min (300 s). Small concentrations were expected
because of dilution and the limited spatial resolution of the sensors. About 1.5 h later at 3:04, an average
of 4.5 lg L21 passed through Site 8. The next detection was upstream at Site 7 at 3:53, with an average
concentration of 4.5 lg L21 passing through in 13 min (780 s). Time of detection from this point in time
until high tide on 9 February was as follows: Site 3 at 4:49, Site 4 at 5:49, Site 6 at 6:07, Site 5 at 7:39, and
at Sites 1, 2, 4, 5, 6, and 9 between 8:47 and 10:31. All locations detected rhodamine before high tide on
9 February. Winds were low during this time period, mostly less than 2.5 m s21, blowing from between
ENE and ESE. No dye was detected until a similar trend in concentration readings was observed on 10
February (Figure 7a).

On 11 February, high concentrations of dye were observed in the upstream portion of the island,
although there were readings at all of the sensors. Increasing winds speeds from the NE were observed
before and during the morning on 11 February. As water levels fell, Site 9 detected rhodamine for 1.3 h
starting at 3:05 with a peak concentration of 15.4 lg L21. Starting at 5:23, concentrations above
the detection limit were measured at Sites 2 and 3 and lasted until 8:23. From 7:03 to 9:18, a steady
concentration of 3.9 lg L21 on average was measured at Site 4. Discrete peaks in concentration were
detected at all other sites. Dye remained in the island for the duration of the experiment which lasted
3.8 days.

Figure 5. Discharge summary for Gadwall Pass. (top) The average discharge at each transect with the standard deviation of the measurements. (bottom) The measured water levels at
the Lawma-Amerada Pass station (NOAA #8764227).
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The Mike transect velocity measurements taken in July 2012 show a reduction in average velocity from
0.14 m s21 during falling tide to 0.09 m s21 at rising tide. A similar reduction in velocity was observed
between falling and rising tides at transects L, G, and D during the June 2014 measurements. The associated
rising tide and falling tide discharges for the Mike transect were 24.7 m3 s21 and 46.2 m3 s21, respectively.
The flow exited the island to the south, toward the bay, and the direction was unaltered by the turning of
the tide. Although the measured velocities were relatively low compared to those of the distributary chan-
nels, the agreement was good between the repeat measurements at the Mike transect. These results sup-
port the observed flow modulation due to tidal effects in the tracer experiment.

4.4. Travel Times Through the WLD Network
Average velocities in the channels tend to decrease moving toward the bay (Figure 4). For example,
averaging over the measured transects at L-fall results in a velocity of 0.53 m s21 while the average
at P is 0.40 m s21. Velocities are more consistent along Gadwall Pass, but do range from 0.46 to
0.36 m s21.

To calculate the travel times of water parcels through the channel-island complexes at WLD, we consider a
simple network-based approach that includes both the distributary channel and an adjacent island (Figure
8). The lengths of the channels and the island longitudinal axis are derived from the 19 June 2014 LANDSAT
8 image and the delta front bathymetry of Shaw and Mohrig [2014]. Channel nodes represent velocity tran-
sect measurement locations. Channel centerlines are delineated and extended to their subaqueous mouths
to form the channel links while island links followed the longitudinal axis of the island. The derived geome-
tries are assigned to each channel link along with an average falling tide velocity based on measured values
at its respective upstream transect. The island is discretized similarly, with nodes being placed at the same
downstream distance from transect D (Figure 1c) as their channel counterparts. Allocation of water to the
islands is assumed to be symmetric, so only one island is represented in the graph (Figure 8). The island
links are assigned the falling tide tracer discharge of 0.11 m s21. Therefore, this simplified model does not
account for the complexity in island flows observed in the tracer study nor tidal effects and serves as a

Figure 6. Discharge summary for Main Pass. (top) The average discharge at each transect with the standard deviation of the measurements. (bottom) The measured water levels at the
NOAA Lawma-Amerada Pass station (NOAA #8764227).
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Figure 7. Summary of the tracer study performed on Mike Island in February 2014. (a) The dye concentration at each measurement loca-
tion for the duration of the tracer experiment on Mike Island. Initial upstream propagation was observed after the high tide release of dye,
followed by downstream movement during falling tide from late evening on 7 February to early morning on 8 February. On 11 February, a
spike in concentration is observed at nearly all stations, pointing to the probable control of wind and trapping of dye by vegetation (see
text for further discussion). (b) The deviation from mean water depth at Sites 1, 3, 5, 7, 8, and 9 (same color scheme as in Figure 7a). Flat
areas in the troughs of the curves indicate that the water level dropped lower than the pressure transducer on the water level logger. (c)
Time series of wind speed and direction measured in 6 min averages at the NOAA weather station at Lawma-Amerada Pass [NOAA, 2014].
The crosses indicate direction and the line represents the wind speed.
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conservative estimate of travel times of water parcels
through a channel-island complex at WLD under the
measured conditions. Both Gadwall and Main Passes
are considered. A water parcel is allowed to enter the
island downstream of transects G and L, where the
allocation to the island was observed in the discharge
measurements. Lateral travel times between the
channel and the island were ignored.

The estimated travel times through the channel-
island complex are significantly increased with water
entry onto the island (Table 2). The minimum travel
time of a water parcel from transect D to the bay is
4.4 h and the maximum travel time is 14.3 h, which is
over 3 times the minimum. Water parcel travel times
are increased by entry into the island for both Gad-
wall and Main Pass channel-island complexes (Table
2). The 14.3 h travel time does not include flow direc-
tion changes within the island, though water remain-
ing on the island for this amount of time would likely
be subject to tidal effects.

5. Discussion

5.1. Hydrological Connectivity in River Deltas
To summarize our hydrological connectivity analysis
at WLD, a schematic depicting the flow pathways
within the channel-island complex based on struc-
tural and process-based connectivity is presented in

Figure 9. In the upper portion of the channel-island complex, there is limited exchange between the chan-
nel and the island interior. Secondary channels maintain the hydrological connection between the primary
channel and the island interior (structural), but tidal processes control the direction of the flux (process-
based). Small secondary channels (such as S1) are examples of the dynamic nature of process-based con-
nectivity at WLD, as tides modulate flow direction. Larger secondary channels (such as S3) tend to be unidir-
ectional because the water flux momentum tends to be greater than the momentum of tidally or wind-
driven fluxes. Further downstream, the transition from subaerial to subaqueous levees promotes overbank
flow from the distributary channel to the island. Gadwall and Main Passes at WLD allocated 23–54% of their
water fluxes to the interdistributary islands. This suggests that substantial volumes of water at WLD are
transported from the distributary channels to interdistributary islands. Surface water is carried to the island
interiors from the primary channels via secondary channels and overbank flow over subaqueous levees (Fig-

ure 9). Delta islands, the recipients of this flow, are
thus important portions of the hydrological network
of WLD, and should, therefore, be included as part of
the deltaic network for the routing of water, sedi-
ment, and nutrients. It should be noted that this over-
bank flow is not necessarily associated with flood
discharges as in tributary systems, but was observed
during relatively average riverine discharge condi-
tions. Since water levels near the shoreline in back-
water zones are relatively insensitive to discharge
changes [Chatanantavet et al., 2012], channel-island
flow exchange is expected to persist over the range
of discharges entering WLD. This mechanism of
channel-island exchange is thus distinct with respect
to flood-induced overbank flow in tributary systems.

Figure 8. Travel time calculation through a channel-island
complex at WLD represented here by the locations (nodes) at
which measurements were taken along the channels (Figure
1c) and their island counterparts (located at the same radial
distance from transect D as the channel nodes). Average veloc-
ities from the channel velocity transects and the average falling
tide tracer velocity were used in the travel time calculation for
the channel and island segments, respectively. In this case, the
channel-island complex along Gadwall Pass is depicted.

Table 2. Summary of the Simplified Travel Time Calculation
for the Channel-Island Complexes Along Gadwall and Main
Passes (Figure 8)a

Path Travel Time (h)

DLMNOP 4.4
DLMNO(P0) 8.7
DLMN(O0P0) 10.0
DLM(N0O0P0) 11.7
DL(M0N0O0P0) 13.8
DGHIJK 5.9
DGHIJ(K0) 8.6
DGHI(J0K0) 10.9
DGH(I0J0K0) 12.6
DG(H’I0J0K0) 14.3

aLocations in parentheses represent paths within the
island.
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We note also that while the channel network is ‘‘distributary,’’ and thus fluxes diverge from the apex to the
bay, island fluxes converge toward the island center suggesting a ‘‘tributary’’ character of the island portion
of the network. The channel-island network shows a mixed divergent-convergent network behavior and
should be investigated in future studies on environmental transport.

Elevation is the main control on vegetation type at WLD [Carle, 2013], which has an effect on the
hydrological connectivity between channels and islands. Near the island apices, relatively high eleva-
tion and well-established levees are populated by Salix nigra that stabilize the bank [Shaw et al.,
2013]. Hydrological connection between the primary channels and island interiors near the island api-
ces is limited because the elevation of the banks discourages overtopping. The decrease in vegetation
in the distal portion of the delta may influence the presence of secondary channels and subaqueous
levees, both of which are forms of channel-island structural connectivity. The probability of significant
fluxes across hydrological connections is higher in the areas with limited vegetation compared to
those areas where vegetation is dense.

Figure 9. Schematic diagram of surface water pathways for a generic and idealized channel-island complex at WLD. Flow directions are
representative of the dominant flows. (a) Zone of negligible surface water connectivity between the channel and island during average
flow conditions. In this region channel velocities are relatively high, the levees are heavily vegetated and subaerial, and the island interior
is characterized by vegetated subaerial marshland. (b) An example of a bidirectional secondary channel which can bring flow into or out
of the island interior, based on differential water level setups due to tides, wind, or riverine input. Flows in the island interior are also bidir-
ectional, depending on the above conditions. Vegetation influences flow within the island portion of this zone (see text). (c) An example of
a large unidirectional secondary channel that continually brings flow into the island. Tidal/wind induced velocities are unlikely to counter-
act the momentum from the channel input. (d) Zone of significant flow partitioning from the channel to the island interior. The levee zone
is characterized by a transition from subaerial to subaqueous and by a decrease in vegetation. Channel velocities tend to decrease due to
spreading and flow within the island interior tends to be unidirectional.
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The direction of flow within the island is con-
trolled by the tide, the magnitude of flux from
the primary channel, and wind. Surface water
within the island is slow moving and is popu-
lated by emergent vegetation. In areas receiving
little flux from the primary channels, wind and
tides exert significant effects on the flow
dynamics because the ambient water has little
momentum input from the channel. For exam-
ple, upstream propagation of the dye was
observed during the rising limb of the tidal cycle
directly after injection and dye returned
upstream during the next rising limb (Figure 7),
which points to the control of tides. Increased
winds likely have caused the large spikes in dye
concentration on 11 February (Figure 7). The
northeast winds may have released dye in tran-
sient storage within vegetation patches (Figure
10) in the northern portion of the island near
Sites 1, 2, 3, and 4, leading to high concentra-
tions of dye being sporadically released from
transient storage. The upstream portion of the
island responds to the tidal cycle and wind
events. Tidal momentum, however, may not be
able to reverse flow directions near large sec-

ondary channels or in the presence of overbank flow. Upstream tidal amplification and spatial differences in
island water depths may also play a role in determining where flow inversion due to tides occurs. These
observations support the introduction of hydrological connectivity into the study of river deltas. Complex
behavior driven by several external drivers, as well as the internal complexity of the system, necessitate
system-scale observations that can be analyzed within the context of hydrological connectivity.

Tidal action affects discharge within the distributary channels by lowering velocities during rising tide and
increasing them during the falling limb. Rising tide discharges were 74–96% of their falling tide counter-
parts and no effect on flow direction was detected in our observations. The discharge at transect Mike dur-
ing rising tide was 53% of the falling tide discharge and the bayward flow direction was unchanged.
Secondary channels may instead exhibit flow inversion, depending on topographic and environmental con-
ditions. Channel S1, characterized by a small discharge, exhibited a flow inversion. Channel S3 carried a
larger discharge and consistently flowed into the islands regardless of tidal regime. The secondary channel
flows were measured during a period of very low flow (1021 m3 s21 measured upstream at Calumet) and
the relatively small river forcing may have enhanced the effect of the tides.

Because of the large spatial domain of Mike Island and the limited spatial resolution of the sensors, dye
likely entered unmeasured portions of the island or followed pathways circumventing the sensor locations.
Velocities on the island are small and thus the dye tracer was likely weakly mixed in the transverse direction.
The significance of the tracer study does not hinge on lateral mixing, as the convergent nature of the island
fluxes likely contained the bulk of the tracer to the island longitudinal axis, where our sensors were located,
which allowed the behavior of the dye to be measured.

This study does not address the groundwater component of hydrological connectivity. Hyporheic flow
across the levee likely comprises a portion of the discharge reduction observed in the distributary channels.
This study also ignores the effects of the spring and neap tide and significant changes in riverine input.
These factors should be addressed in future studies.

5.2. Implications to Delta Morphology
The presence of significant hydrological connections between the primary channels and interdistributary
islands at WLD has important implications for delta evolution both morphologically and ecologically. As

Figure 10. Image looking downstream taken 30 min after the rhoda-
mine dye release on 7 February 2014. The rhodamine dye plume is
bright pink due to high concentrations near the release point.
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water flows into the islands at WLD, it carries sediment and nutrients. We argue that this hydrological con-
nection is of first-order importance to delta eco-geomorphic evolution.

The allocation of flow to WLD islands suggests that hydrological connectivity between channels and islands
(or floodplains) influences delta morphology, as the delivery of sediment via water flow is crucial for devel-
oping and maintaining delta form [Edmonds et al., 2011a]. Since the primary channels at WLD can be ero-
sional [Edmonds et al., 2011b; Shaw et al., 2013; Shaw and Mohrig, 2014], deposition within the islands is
important for the maintenance of the delta platform. During large floods, which likely increase channel-
island connectivity, sand is transported in suspension [Shaw et al., 2013] and can deposit on the subaqu-
eous island interiors [Shaw and Mohrig, 2014]. During below-average flows, sand is deposited on the levees,
while channels extend and bifurcations remain stable [Shaw and Mohrig, 2014]. The significant water flux to
islands facilitates sediment transport to island levees and interiors. Thus, increased connectivity to deltaic
floodplains may provide a possible avenue for mitigating wetland loss. Various investigators have proposed
increasing channel-floodplain connectivity through engineered river diversions [Day et al., 2000; Kim et al.,
2009; Allison and Meselhe, 2010; Paola et al., 2011]. Of such implemented diversions, the West Bay diversion
in Louisiana has been shown to retain 30–70% of the sediment supplied, leading to subaerial land forma-
tion [Kolker et al., 2012]. A system-scale analysis of hydrological connectivity is a vital piece in understanding
the evolution of natural deltas and engineered river diversions.

The water flux to the islands decelerates the channel flow due to spreading and friction, which decreases
the momentum of the channel flow. This has important implications for the prediction of delta distributary
network structure. The slowing of velocities due to flow expansion in a turbulent jet has been identified as
the driving process in the development of river mouth bars [Wright, 1977; Edmonds and Slingerland, 2007;
Mariotti et al., 2013] and subaqueous levees [Rowland et al., 2010]. At WLD, the expansion of flow is occur-
ring over several kilometers as water is fluxed over subaqueous levees and, thus, may not rapidly expand
like a turbulent plane jet in a standing body of water. The overbank flux may favor subaqueous levee forma-
tion over mouth bar formation [Rowland et al., 2010], which would lead to the elongated channel pattern
observed in the east-central portion of WLD [Edmonds et al., 2011a] since sand can be deposited on levees
during low-flow conditions [Shaw and Mohrig, 2014]. Since centerline velocity exhibits an effect on the dis-
tance to a river mouth bar [Edmonds and Slingerland, 2007], the effect of water flux to islands must be
accounted for in models for predicting bifurcation length scales. Due to the complexity of the problem,
modeling studies often treat distributary channel mouths as turbulent jets with no overbank flow upstream
of the mouth [e.g., Edmonds and Slingerland, 2007], but future work should include this condition of
upstream overbank flow.

5.3. Implications to Delta Ecology
At the landscape level, hydraulic travel times through aquatic systems are relatively unknown in coastal set-
tings [Rivera-Monroy et al., 2010], but are essential to the prediction of denitrification at large scales [Yu
et al., 2006; Rivera-Monroy et al., 2010]. At WLD, we have quantified the travel times of water parcel through
a channel-island complex by including the islands in the hydrological network, which significantly increases
travel times. Currently, WLD contains few islands that tend to be relatively large [Edmonds et al., 2011a]. As
river deltas grow according to river mouth bar models, bifurcation distance decreases with increasing dis-
tance from the delta apex [Edmonds and Slingerland, 2007; Jerolmack and Swenson, 2007], creating a large
number of smaller islands. As islands grow and more are formed, fluxes from the primary channels into the
islands will increase travel times as more island area is available for transport of material. Island sizes in a
mature delta have been shown to have a power-law distribution [Passalacqua et al., 2013], which may lead
to a heavy-tailed distribution of travel times.

High concentrations of nitrate are present in the Mississippi and Atchafalaya River waters [Rivera-Monroy
et al., 2010; Lane et al., 2011] and ambient concentrations in WLD have been measured at >60 lM [Henry
and Twilley, 2014]. Since a significant portion of the water at WLD enters the islands, nitrate transport to the
islands is likely significant as well. The connectivity between channels and islands represents an important
ecological link at WLD that may modulate nitrate cycling. In the Davis Pond river diversion near WLD, Yu
et al. [2006] modeled 42 6 2.5% and 95 6 0.5% nitrate removal for travel times of 1 and 5 days, respectively.
These results provide a context for understanding the ecological impact of travel times at WLD. For the case
of transport exclusively by primary channels from transect D to the bay, travel times are in the order of a
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few hours (Table 2), which indicates that denitrification in channels is likely limited by the travel time at WLD.
However, the tracer study revealed that dye remained in the system after 3.8 days. Increased travel times asso-
ciated with water parcels entering islands within the channel-island complex model (Table 2) and the tracer
result suggests that significant denitrification may occur when nitrate is transported to the islands.

6. Conclusions

In this study, we have quantified the surface water component of hydrological connectivity between distribu-
tary channels and interdistributary islands at WLD over tidal time scales and related that exchange to delta
evolution and environmental transport. We find that a significant portion of the WLD water flux passes
through the interdistributary island interiors and that travel times within the islands are controlled by a suite
of environmental forces, which subsequently influence system travel times. The conclusions we draw from
the analyses of flow partitioning and island hydrologic pathways at WLD provide new insight into channel-
island coupled processes in river deltas, linking for the first time distributary channels and interdistributary
islands, previously analyzed as separate entities at different spatial and temporal scales. We find this coupling
to be fundamental to delta eco-geomorphic evolution. The results of this work can be used to validate predic-
tive models of environmental transport in natural river deltas and engineered river diversions.

Transects surveyed with a boat-mounted ADCP along two distributary channels at WLD were used to quan-
tify the volumetric water exchanged with interdistributary islands over tidal time scales during relatively
average upstream discharge conditions. The ADCP was also used to measure flows within secondary chan-
nels connecting the primary channels to an island interior and the discharges exiting the bayward bounda-
ries of an island. A hydraulic dye tracer was deployed on an inundated island in the delta network to
quantify the hydraulic residence time and to characterize the flow of the island interior subject to wind and
tidal forces. A simplified model of a channel-island complex was used to calculate travel times. From analy-
ses of these data, we make the following conclusions:

1. Interdistributary islands have a significant hydrological connection with distributary channels and play an
important role in the hydrological network at WLD. Discharge measurements within primary channels
indicate that 46–77% of the water flux at the initial bifurcation is conveyed to the bay. The remaining dis-
charge (23–54%) is allocated to the interdistributary islands, which indicates that islands deliver a volume
of water to the bay that is on the same order of magnitude as the distributary channels. Secondary chan-
nels and overbank flow over subaqueous levees act as the avenues for the channel-island connectivity
and vegetation likely plays a role in determining the spatial distribution of flow exchange. Channels con-
sistently allocate water to the islands regardless of the tidal regime for the measured upstream flow con-
ditions. Since the islands convey significant discharge to the receiving waters, network analyses of WLD
and similar deltas must include the inundated interiors of islands and their connections to the major dis-
tributary channels in order to appropriately represent the hydrological behavior of the system. Ignoring
islands as part of the delta network would result in a reduction of fluxes measured at the system outlet
and anomalously short travel times. For example, at WLD, ignoring islands would result in 23–54% less
flux to the bay and at least 3 times shorter travel times through the system.

2. Tides affect the process-based connectivity of surface water between the distributary channels and
islands at WLD. Flow into and out of the islands is modulated by the tidal cycle. However, since flow
exchange was observed regardless of the tidal regime, structural connectivity in the form of secondary
channels and flow over subaqueous levees controls the flow exchange at WLD. Discharges exiting the
bayward boundaries of an interdistributary island were reduced by the rising tide to 53% of the falling
tide discharge. In a small secondary channel, the tide modulated the flow direction, but the flow direc-
tion in a large secondary channel was unaltered.

3. Water flux into the island interiors increases the time for a water parcel to travel through the WLD net-
work. Travel times calculated with a simplified model of water transport through a channel-island com-
plex range from 4.4 to 14.3 h, depending on flow path. A dye tracer experiment revealed dye was
present in high concentrations 3.8 days after the release of the dye, which points to the complex hydrau-
lic behavior of the island interiors and potential for increased travel times for water entering the interdis-
tributary islands. The significant allocation of water to the islands and the increased travel times enhance
the denitrification potential of deltaic systems such as WLD.
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